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zh) clhbie DA e gLkl e ZnCry0, Syl 900°C sl
GO o s Al Ul (RED Db GE Cues LAl dx8Y)
Agal) seyd clS5 FCC diland) daai (o anSall yslall Jaas (385 55k NiCr, 0,
V=56426 A" ALl aa 5 Z=8 ¢ a=826344° L.l
InCr,0, <&5al of Laf aaf .Fd3m & S.G 4l bl degensy
Gl 48 SlFCC Juladl T G Sl gl Lt Giy iy
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Preparation The system mo - ¢r,0; and
study some of its structural properties.

Abstract

MO — Cr,04 system was synthesized by a solid-state method. The
synthesized samples were characterized using X-ray powder
diffraction technology(XRD). The temperature of synthesis was
1000°C for NiCr,0, and 900°C for ZnCr,0,. Miller indexes (hkl)
were calculated for the production, and it was shown that the
compounds crystallized according to cubic lattice Fcc with
following parameters a=8.26A", Z =8, V =564.26 A" and
a=826504° ¢« Z=8, v=564.58 A" for NiCr,0, and
ZnCr,0, respectively. The space group of symmetry is Fd3m for
both. The grain sizes were calculated by Dedye Scherrer formula
for the two compounds by and were 31.92nm and 32.78 nm

respectively.

Key words: MO — Cr,05, Spinel, Solid State Reaction Method,
grain size.
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precipitation
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[6,7.8,9]
Jypasll &l ?"’i o “Solid State Reaction” lall ¢ Lyl 45l Ax'
Aals chles Qlln ¥ dua Jeall 3 Al o 4 g Ll L&A o2 e
ACad) o3¢) Ma a5 Akl o2 (s el 3 DAY durea sl (mmy o Lag
Al 0o 13y Jae (sf 8 Leda () Aalal) (g Aussall LSl jumnt dali (e
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— o bla Glay Jea AR Gling — @l gall Gila) dalsy @l .

.(1200°C
.(0.0001)gr 48y (ulua s (i
.memmert i<,d e Gluall Caina

20 ton.cm? ) ey daieiay (bl JS5 o lisall Gusl (Sl jun e

.1100 °C 1 sl Juas (Carbolite) 48,d (e liial) cpalil o8 .

53 (PW 1840) X-Ray Powder Diffractometer dsudl 43 71y Slea
{(PHILIPS) 48,5 £ A = 1.7889A dage Jshs Co €l (pa dnrae
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P Aldan CalaaYy dlle 35l i Age Caardiul

CT203 ‘;\M\ ej‘)g\ J;u..uST (]
NiO J<ill 1Sl o
Zn0 &3l ausi o

6 Uilaa¥) 44y yhy cilinl) jpiant 2- 3

glba¥) A3k dlijl) Cuag Sy ISl Cueg S Gl piasd 5 Auball oda B
I 2l e danbie lies Ll aabee U3 e Solid State Reaction «lall
2 elsedl (e S 2gams ZNICE = 101 5 NiCr = 101 a5 Sl clijlly J<all (e
a peilaie bl e Joasll Glacal Gie G5l dauly lehalis ALl Jsal) (ala
L 43 15 534 5 gl Guilaial) Talal) e ot Corgy (5] (e 4aS il
any bl (e A JSI ARG Cilpe GO daleall oda v oY) Gilia s
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Agshjll e palall
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NiO + Cr,0; - NiCr,0,
Zn0 + Cr,03 - ZnCr,0,
G Y alaall 38y dysaenalls deaiiall A1 Ssall s e (1) Jsasdly

1001 st sllaall mlll (Sl 4 o Gulaad e Aysliaal) ¢35V s
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Cuaag S gl Joal) o) (e Ay guunally Ladiioaad) A1 algal) sl 2(1)Jsaadl

-Jsailly &30
s Lijal) ALQY Aasdiaal) AlSY L
Al 3alal) 3 9lall) Jdaall A4Sl
(g/mol) (9)

Ni :Cr 1:1

NiO 74.71 3.2951 70 % Chem-Lab

Cr,054 151.99 6.7048 99.1% Genral Purpose

Reagent

Zn:Cr 1:1

7n0 81.37 3.487 99 0% VWR Inlff;natlonal

Cr,054 151.99 6.513 99.1% Genral Purpose

Reagent
(2mm iSless 5MM kd) slely palil <G o lial) Jaiay Liad ol aey
Sl 5 Jelal) dula) salys oandl lecans (e dlelitdl cilaseal) Cuii Carg
2 Gy o ey (Slgur bra (eSe dhuln @y Glawall o Jalidd)
e il Gl 5 ladays Alig JS 3 aldl DG Janay L858 gy & al )
el Cus Bae 4dlide 3)ha laya
A3)liay Agipad) Axd¥) 2 had) Gl Cimas PIA (e g lilaal) dgdhe caa Gy Pla
e Cangy clldy (Al V) dgall Ayl a1 el Gllalade g daslill laladdl)
g sk oseb oo ady Al phall e dsall @l ag g lhiad Bl Al
1000°C 1aa Uhiay & cuilS a5 L oslhaad) CSall e Joanl) o (& amy S )
Gy Glebe G il 3aes G Cuag S 5 °C900 5 JSall Casag S Kl
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L) llual) elals lad il sigy ddabiaall anlKY) K& e B aayg
X-Ray ) sl 22V dauly gyshll dilaill @lily DA e 0l (Sl
.(Phase analysis
:AuBlially gl -4
) Al g skl Julasl) 1-4
Adlide Bla layy vie Adalll Glijll Cueg K5 ISl G S Glie Jilas BV
CSall (20) ad el daalll cllaladdlly Ayl 22 2 hadl Slea dauls
. sl
gl L) dad P e (d) Apshll Gl (g Adluall Glua 5 8V
£l ADle Ay,
ni= 2dsin@ ........ (1)
Llail dpmsd e ol @l 2 Uad¥)y colatll Aipha g Lol Jle GIF Gilua 5V
SN s e e lal)
Glay die lgle Jpanll & ) L) 2289zl cillalade b e )55 v/
A Al Gllually @lijll Cuas S5 ISl Caag S e JSI Adliaal) 350l
cbiall g lila¥l )l da)s e Jsandl a2 W3l
NiCT,0, J83) Ciag S oS 1-1-4
NiCry0, ISl ipes S Sl Al 2ot 2 el cillaladia (1) JSE) =gy
ol Aglee of JSAI ey ua (600-1100)0 @ohall dlaal) e okl

I AU addl) G s ALY Sl g delin o ) an o i)
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oS Y Ml sl Sl e I8 A gl ans Yy Y Sl e Jaa
Ldally JSal) Cueg S (Spe plilaa A8l 5a dsyy 600°C dayll lacl
Gayd gy el cll JaY L Ll saniall e A1 alSY) e bls sa bl

o Langs 4aall cilladadall DA (e gLkl 4l go Lo il 5))a

SV asas Al addll lad b aaly (ealisl sl dajall o3a die L900°C daal
S G ali Buas aal EDE sela ) AaLaYL lasliia) are (SI5 Ad5Y) sl
& G Lles g3 LAY (20 = 35.6,42.2,68.3 ) W3l aie JSu s S
ve e <8 &5 g lilaal) o e S 1000°C sl ) gaalill 5y)m Ao
Gl Gaal die L Jumdl 2 e Jpeaall el dapn ) zliag Sl daall 228
I A0V alsY) ) agas ) il L) LlaaY 1000°C dssall die sl
Jaill S Ly JSal) Cuag S e (R i sagasall aadll JS oy JalS
Dbl Gl e gsimy ¥ NICH 0, SHall oo (8 psh o Jsanll & 4l
vie gl ddee & Lo N S Al A0 dgall lshl ol o dyass
el WhaY 1100°C daall Y ualil) 5ym sy ady xic .1000°C 4asal
NiCr,04 «Sadl o Wl s s dan (e ) Slsall ) 2gan Al aaill 2ey
il dasall oa 1000°C sl gly 1100°C syhall days e elally fay

I Leal) Jardl po Ll Uleagi ) daisl) Gillsii NiCT, 04 Syall g lilas
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o33 2ana L 2 2024 sl 4 3)) 46 Aaa)

«Cr,0, ANiO @ NiCr,0,

——1100°C| 8 e = '

Intensity [a.u.]

20 30 40 50 60 70 80
26°
Jlaal) ada kel JSuill e g S clisnd Aiad) dai¥) gl cullabaiia : (1) Jsi
.ol s 334 (600-1100)C° gl
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Db G aa3 25 1000°C sl e galall JSal) cuag S A Ay JaY
(23 = 1271) a8 Zasydl) ddlad) ae (2) JSE) & Capdall 455liay Sl
O Apasall &l i JCPDS Glasheall ¢y 3 JSal) i <1 skl
Lehill desenal ) oainy dpnSall 4ppsld) Al 885 sliy JSall Caag S

.a=b=c=8316°A4 4 fuaayal 4Ll i3 <l (Fd3m)

10000 ~ —000°C (440)

8000 ~

6000

Intensity [a.u.]

4000 +

20 40 60 80

Aol die Calall JE Cugag S Apiedd) Aady) g Ll abida : (2) JS)
.(1000°C)
nA = gy 05l e salaVl JSall Cueg K1 Ayl A3 culd Qlua S
bV Ay 0 5 Al 4ai) dage Jsh A = 1.7889A Cus ¢ 2d sin 6
(Il A s sl el (el ABe g

1 _ h2+ k2412
E _T ........ (2)
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A slaal) g ity 415 Aol Apentih o gtall Aluales Cad) dnals Ala

a3 2ana L 2 2024 ss 4 131 46 sl
sl lgiall ale Zdlually JSall Cuag ST a1 Llgy ad (2) sl
e il

Appy S SR Al ciligiaa) cle ddlaally 20 zLad¥) Llgj ad :(2) Jeaadl
11000°C Ayl sie galall NiCr0, JSai) g 1

26° 1/1o% exp(A°) hkl a(A°)
35.668 55 2.919 220 8.256
42.210 100 2.483 311 8.234
51.380 22 2.062 400 8.249
63.901 22 1.689 422 8.276
68.363 35 1.591 511 8.268
75.122 50 1.467 440 8.296

= 8.2634 A°

sailall sl of g liaadl i) 2 ha¥) dahde ey bl Jsandl (e Jaadl
IS a5V o (400), (311), (220): 406 Sbe ool
She QB A aen ilSy Sl Sl baas pe il Sl o g 8
10 (2) Aal) e (ol 30 el o Laadl 13 e 35 ol 21
Y] A (e oanSal) sl Jash 35 ApuluY) A aas lia S @
V = a® =564.26 (A°)3

tdag pall (3 Lol ans Jsaal) b Al Sle G M saslly e

h+k=2n , k+l=2n ,h+l=2n
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Laill 38y sl oSpall olb ULy spagll 83Saie dunli) LY of Gl
FFC osasll S aia @’5-45‘
(picknometer) 48LSH (550 4Adyylay Aaslll solall dpyyal) 4SSN Ll &5 @
salall A4S e slaieWl Ld dadl langie 22y gl e ey 2201 ol
HH2(3) adall a5 (s2nsh) Aol sl 6 jaall 23e) 7 Gl
pg = 5.3311 gr/cm®
7= —8.0443~ 8 ........ (3)
M

Baledl Jpiadl 3 M s
salegdl axe N,
Al ) LAl aaa V

: ) JCAIL Al 2a (ginad dalal) Gageal) S5 o ey L

NigCry603,
83 325 a5 il bydie Ay JS5 by Al e gian saalg) adal) o)

oS |
Ay lail) 8L Aad Uil iy A6Lal) Aobeadl 3 ans 2028 Z A Jlasinly
Pear = 5.3006 gr/cm?
5 Ayl Wl B85 cafly Lae syl Al (go s G Aypendll Lol il
Al Alal saa o) Uyl 48

[15114] oo slws Aalee e Glwal) aas Glua 3 @

Sua

-

M 2 Haie salell Jangl) cilyaal) aas il

0.9 Whaus 325 0.89-0.93 Jlad) faa o5y culi :K
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Cacy -

o gy daza L 3 2024 als 4 1) 46 dadl)
M 2 haie aaiieall Ll 259 lea dage Jsh A

a8 eV Al Ll 4aY) # )il 45l 2 0
pd (e Aad U gl Glpall aaay Gyl e IS (3) dsaall s
ALyl X'pert HighScore gl aladinly lglua & Al poasall Sl
el sl Sl paa

.
P SEEL N

-

Al o Coaiiia die bl 830l SSY) A Gaje e e S B,

-FWHM
Olead e Ul gyl s B
Al tie galal NiCrp04 J$3) cupags! hagl) clwall aas 1(3)Jsead

.1000°C
No. Peak Pos. [] Bops [ Bg.al’] Grainsize L Grain size L
' [A] (avg.) [nm]
1 35.668 0.295 330
2 42.21 0.394 252
3 51.38 0.295 348
S 31.92
1 63.9 0.205 0001 370
5 68.363 0.296 378
6 75.122 0.492 237

:2ZnCry 0,4 dil) Cuag S @S0 2-1-4
ZnCry 0y S8 e s S Syl Al 228Y) )il ildalaiie (3) JSi moasy
)ha ilays vie cpalill G jeday ua (600-900) 11 gyhall Jlaall G Galdll

AT ad dsay aa oSy il Cuey K e K ) 63 01800 ) 6000
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da ab) vy (JaiSa ye (gl Sy o e @y Gy ZsY) alsal) Y 35
ALY dsall e ) aal) aes o) LU (1900 Zaall LY aalil) 50
Gl J8i W) e Jy lee il Cuag € 8e ) slall addll ol
JS B Ay of sl oS Ml eJalS S8 L A1) 20€Y) sl

LSl Casag S S Bla Aad (e oial (45 11900 oo il Casa S

*——CI’ZO3 +--Zn0O o--ZnCrZO4
——9o0°C] © o ©

Intensity (a.u)

20 30 40 50 60 70 80
20 ©
Jlaal) Craca Adalall @lisl) cipag S cibind bl ) gz adl cillabiia : (3) Sl
ccilelu 334 (600-900)C (g lad)
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i gy ana L 2 2024 als 4 sl) 46 Laal)

Db GiE a3 25 900°C sl die galall Gl Cueg S A by JaY
32lel) (24 — 495) a8 Lpeayall dlag) ae (4) SN 8 Calall 4)liay (Sl
Cuag S G Lmapal) Bl (35 JCSD Slashedd) ey (& A5l Cuag )
(Fd3m) aeldl desendll S ety danSall Lol Gl) Gy bty ol

.a=b=c=8.297°A4 4 iuxayall 4Ll A3 Culsis

S —900°C
~
™ —~
~ o
54
N
E)
S
2
)
c
]
=
T T T T T T T T T T T
20 30 40 50 60 70 80

20°
(900°C) Al xie Gl i Curag K1 Adund) A2Y) g )ad) Jadadia 1 (4) JSil)
2l ABle s (1) ABkall (e Boléta L Sl i g ST A 0Ll AW gl s
A(2) ApnSall Al Alla 3 Aol il gisall
Qsbll lgisall cle A8lusally Gl Caag STz hatN) Llg) 2 (4) Jsasd) G

:900°C Aaall e Galall il Cuag S el Sl (185
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Apg S LRy A5k cligial) Gale ddlally 20 zLaiV) L) ad :(4) Jyaa
.900°C dal sic caldl ZnCrp0, il cuag S

20° No% ey (A°) h a(4°)
21.704 6 4.7484 111 8.2245
35.675 45 2.9186 220 8.2549
42.066 100 2.4909 311 8.2614
44.031 7 2.3849 222 8.2615
51.246 16 2.0674 400 8.2692
63.8476 13 1.6906 422 8.2824
68.2505 35 1.5936 511 8.2804
75.2356 40 1.4646 440 8.2852

= 8.2650 A°

LR af paen G LS anSal) lalil) Jass e Gl el o (4) Jsaad) iy
1(2) 4Dl po ey A Ll (e Jaaill 138 g il 23S L
1Y) AR (e xSl oliil) aas (335 ApuluY) AA) aas ilus 23 @
V = a3 =564.58(A°)3
g pall (3 Lol ans Jsaal) B L) Sle QB N sasally @
h+k=2n , k+l=2n ,h+1l=2n
Lall 385 sl oSpall b ULy spngll 33Saie b)) LY o Gl

.FFC b);}!\ )S)ASA L;\SSAS\
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S L G ) ASphl) iy Gl Cuag S Appadll B WS 5 e
bl ulSy ppall e Z Gua A JSll Cuag S
pr = 5.45 gricm®
z- P _ 794~ 8
M

P ) ISl Taula) AR (ggina dalall Apall iS5 of WiSey Sl
ZngCry605,

83 325 as)S b Byde Ay oliy chd Al o giad saslll Ll o

A Aad Lyl iy ARl Alledl) 8 mosis 2228 7 A Jlaginly L]

Pear = 5.49 gr/cm? 1yl

e papaill e IS (5) Jsanll mlag ¢(4) alaall (o Slpsll aas Cloa &

el aladinly lgbua &5 Ally sl S )al) add (e A JSI o gunal) Gl

Sl vl Glual) aas ) dsly L X'pert HighScore

dapd de ol ZnCry0, <) cuagsl Shagl clgall aaa :(5) Jsaal

.900°C
No. Peak Pos. [] Bops[°] Bg,al°) Grain size L Grain size L
' [A] (avg.) [nm]

1 21.704 0.295 319

2 35.675 0.295 330

3 42.066 0.295

0.001 336 32.78

4 44.031 0.295 338

5 51.246 0.295 348

6 63.848 0.295 370

7 68.251 0.394 284

8 75.236 0.394 997
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Cuas S oS e JS AL Glliall e lgle Ulas Al bl gy o
(6) dsaall 4 il ey S5 ISl
ZNCry045 NiCry0y (Sal s fally sy adl) ABUSy g cililaal) :(6) Jsand

.900°C 3 1000°C (pinpall de ( wanal)

Compound | a(A) | V(A)? PExp(9r.cm™>) | Z | peai(gr.cm™3) (nIFn)
NiCr,0, | 82634 | 564.26 5331 8 5.30 31.92
ZnCr,0, | 8:2650 | 564.58 5.45 8 5.49 32.78

W om o a9 o Q) Julad) jacasil (ghall Jlaadl of it Gau lae
dapl oy Lolai) 46la ey dlans jumad A6k Jadiuly (800-1000) [
o2 ypaaill Al e @l sl aaa G Y AELYL LGlall g Ll
kil Jlaad) 3 aladiud AL GlSpal o3a i Jrasles sl Ay o s

Ly clag SN Al daleall cilinleS

A Agalal) JleeY1 Giany p legle llias A 3t 350 (7)Js2adl G

Agalal) gabal) Qans o i) il Alaa 1(7) Jgaad)

ZnCry,0, NiCr, 0,
V(&3) a(d) 40X a(d)
564.58 8.265 564.26 8.26 Our Work
567.66 8.280 575.96 8.32 [17] [16]
576.96 8.325 566.66 8.27 [19][18]
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-

Al
AV )l ) palis o oSay Baw bae
Cdaag c_\u\ &L\Lua‘}” :\A.J).L-u ZTLCT204_ B NlCT204_ Lf\s‘)A &\.\Lm\ (.\.1 -1

EESE
L3l e g )H900°C 5 ISl ey K1 1000°C dnpdll die ¢ Lilaal)
S Caeg S s A e JB Al e S IS B A calS -2

xSall el (385 gl ouSall o gy @l CSall Gle (HE Cuna -3
ipliia by FA3m & S.G 4eli LBl degenas FCC osnsll S

il Jde @ = 82634 4,826504 4Ly 4l

Z =8 cilSy (S pall SIS Al Al sang b gl s lea &5 -4
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dhso dic jo ylical l3itiaul Slaveg lagiar 45
&soLizisago yill 394 50ll gla dag9<l1 AP1000

A0 sil yad :dlygciGisll Ll
Sl deoly — Soall dal& — dxbilasoll gdll uud
yaaly s0n0 1 y9icasll 4l il

rdanl) adla

o llaad) o3 ey callall J5d (e dall 8 Apgel) dalal) clase s
et Gl Gl Jaad) e b graall el cDlelie e Alalall dypsil) Cillasll
deUainly da e ddaae aldic) &l (J000[MW] delainls 51 Gled Jalsa
ALas Ay e hal 2 3490[MW] b gcaall s Wl Jelia e Jaxi 1000[MW]
e OsSe IS0 dalally ALY Jalias) cWalee A0USH llyg cddaaall Aalin e
dsyall Aleey clacadlly climll Jaall Vol Sy ddaaddl e
& Al il albluall 4 Gawadiall EES maliy daulng o Saeliase il
oA wba clay o el clitll e i) Gl bgua CYlae el
Gl e Al Galima) iy cNVae Ao Jlae IS8l duly cclin)
bga a¥lhe @l bl PA ey Absall  Sulingall a2yl e
Py = &Pg= 1560....2459 [kPa]: Jull J<all e culiiall e Caljiiy)
Pio= 617.6....683.8[kPa] Pi=134.. &1057....1500[kPa]
JS Ll Al s Py =46.. 70.3 & P =20.. 26.2 & 169.7[kPa]
Lo gioall Ay i o Pg = 1057 Lexic 0.3918 52 35350 el o Lang Jlae
.0.49[Kkg/s] 352 Mg B8 Jama sl LS idaall Lggde Jand ciilS 3

Jelia ¢ i« &L\u} ¢ iy ¢ Li)!)éj‘ Jg3yall ¢ iaadll Z_JAM\ Glalsl)

33




Saalind ga i) 393 yall e 4y gl AP1000 dase ddlie (e JLAL Gil il cYaray Jaghia il

Effect of Pressures and rates of steam
exhaustion from the station turbine
AP1000 on the thermodynamic yield

Abstract

Nuclear plants available across many countries of the world,one of
them is PWR (pressure water Reactor) form third generation which
have more safety factors and produce high energy 1000MW, A
Nuclear power plant with pressure water reactor power 3490 MW
produced around 1000MW energy has proposed in this paper,
Thermodynamic analysis had done with mass and energy
conservation equations for all parts of power plant, the efficiency
and work done by pump, turbine had calculate using ESS software,
from turbine depend on temperate at the outlet of heaters,
Moreover, the effect of each pressure rang on steam bleeding flow
and thermodynamic efficiency of power plant has studied .The
result got for pressure bleeding rang from turbines during study
was :Pg=1565..2459[kPa]& P4y=1057..1500 & P,,=617.6..683.8[kPa]
& P.=134..169.7[kPa] & P,;=46..70.3 &P3=20..26.2[kPa], At the
end of study for each rang the highest efficiency has found 0.3918
at Py=1057[kPa], Considering other pressures of power plant was

fixed.

Key words:

Plant, Efficiency thermal, the extraction ,saturation ,steam
,pressurized water reactor
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tdadia

e PWR cBlelan ity so0atially L dadail) chldlall (pe 499l 48Ul it
Jurd 350 e Leatidd Canans ¢led 3308l LY Jelse o DLl edlelad) i
<l adiye

A8l ilass) 43 daldll dadgall Zilal) dasa & [9] Lior . caald)
@saaYl a8l Bl dl sas g aadiul (2l PWR water Jelial 4y,41l)
G oGl Aniias &L Aphall Bl o ddaae 3 Akl dyssll 28Ul e

(Al e ¢ 26 57 16 Ay Adladlly d8lal) 30 e

Ol Jial BWR ddaas Zulyy « [10] Dunbar,Wr &Moody,Sd (jtialdl .l
i pead] Aaiiall Aasall 5. US 3 Gaueaill 3 Cum ¢ g i 3585 oala 316
jlie Tgpal WS el o Alish 55l Jax¥ llaaall (ge gsill 138 o<1y 33%
asglls Ayl Ailall e Jand A Al dygsill illasally 490l cillanall
(L)) clasall) (g)58Y)

(34%— 33% Jsa) dumidie dpha e PWR dyssill Akl cillaas i
— 40 V) sVl add s Sl Ayl Al s d3las 1],
diad) (e PWR G8lall cilase b deddiine Lasl i€ aonY dually s (45%

[8]. 40% slacin W 5o L&l ld ¢ )

s s ptiall Sl B days Gawd Gamisiall Jaaall ) Gl @l aay
[5]..... A lad) cilitall 5y 3

ZU Aana (65 (1) 8y Jsoad) 3 G gibad) 28 il dgdl) bl s

Slegsai Al Gl 1000 8508 (PWR) bsuad) cldl Jeliad dbaY)
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& ) 55l 1] sty (53 e lslise 3490 day (oha 535 Jelia
sl Sl Bye0 oa Al syl 306V sysall o (Jeliall s 5y50 )asaal) 350

[1].... sl 3y5alls pansi Silly (Jalall ansall)

:AP1000 dhaadl) cfire

fiip Jud aga Qe SRVVO. [P VAT

b Aaipe Jiniy Ol el

Sl = sy LeSld il Jeaal) e
[5]ceeeennann. aal) o

ideds S @y dadye o

-

[1]...... dajiial) 4395 L8lal) Aol 4580 Jpualiill:(1) o) Jgand)

Reactor: Jeladl)
3490 MW Total input thermal powerdeléal 4, ) jall 28Ul
H,O Coolant il ail
302.7 °C Coolant inlet temperature to the reactor 3_) )~ 4x ;2
' Jelaadl Jaae aie o pall
326.1 °C Coolant outlet temperature from the reactor 3_) )~ 4 )
) C);.d\ Qe JJ:\A\
18800 (kg/s) Coolant flow ratey il aile (3833 Jaxa
158 I\t;IaF[a()15.8 Average reactor pressuredetiall & Judill Jaza
Steam generator: Dl Al se
0 Water inlet temperature Jae (8 432100 ol 3 a 4a )0
233 °C Ll Al
Ol e
ie 333 ol b ) a4
284.5°C Water outlet temperature e & a8l A A 2
Dl Al ge A
68'65&’;;(): 6-87 1 Steam outletpressure il al se (& aadiall clall i Lz

36




4 0ila plaall g Al g g ASailSaal) dpuigl o glad) Alubs

Cacy -

Sk daaa 0

dana & 2024 als 4 amll 46 dadl)

1503 (kg/s)

Steam outlet flow rate  siall aaiiall slall jlay (3833 Jaxa
Dl Al 4

Steam turbines:

i A i)

1 Number of H.P turbine Jall sl cildic 2ae
2 Number of L.P turbineaéaidl hacall ciliie s
80% Isentropic efficiency s i s 2Y) 353 all
Generator: A gall
1000 MW Nominal powersal sall Lpany) deUainy)

Coolant pumps:

Jelaal) oy i cldls Glaiaa

4 Number of pump<laiadl sac
3.42 x 4 MW Powerie UaiY)
85% Isentropic efficiency s s 1Y) 353 sl
Condenser: .
39224 (kg/s) Water inlet flow rate—&iSall a5 olie (3835 Jaxa
. (7.5 kPa) Condenser pressure—siSall hia
15 °C Water inlet temperature e a2 55 ola s ) o 4 2
A JAna
o Water outlet temperature i &Sl 3 53 olaa 30 s da 0
Condensate ] Adae
pump:
1.066 MW Poweraic UainY)
85% Isentropic efficiency s s 2Y) 353 all

L.P feed water
heater pump:

0.04 MW

Powerise UainYy!

85%

Isentropic efficiency s s s Y 353 4l

Ao yall dg gl ABULY Adasa & Jalad) acall 3,93 Cag

W, = 1000[MW]aila 72 s PWR dadsa dy5s 4l saag Ll &
Oy 8y50 Ll LABLl sasgd ladd) 5ysal aghadill an)ll (1) ) JSAN sy
Al ASulngepll YW ) Sl (el glajiul sale)) paaall dals

alatinly Aplall Gl yaat & cpa 4Bl il syl 8 dabad)

[1]....40Ed) el
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sl Jelia (ho cdygsill 48U ddane b Jalall aeal 5y50) Tyuhyl) i gSall Joiis
Ofiplas isie H.P. Turbine  Jlall ball dse ey ¢ (PWR) Lgradll
dgac Aaufsy Glaially Jaia (GEN) Aga o ¢« L.P. Turbinelasll diadii.
ahlall ¢35 Sleay ¢ (MSR) dygha)ll Jiad Sleas ¢ (CON) iiSa ey ¢ il
Liall  daidie 40 ol llas Ayl ey (DEA)Uaid)
R.H. &HPs5) Ll dle olull clilan e udily (LP&LP,&LP;&LP,)

[1]...... (SG) sl Aga (4a5.(Cooler

RH
cooler

A il 45l Adaaall gh3l) alaiall (1) JSal

I PWR Jeladl (i 5 (o) asisll HUaiiy) Jelis o salsial 3yl,al) Jiis
d\)\a (e J).\.Aj\ _).)Ji} BJLc;\ (»;.u cSGJ\A.\l\ Q\ﬂ}a L.;;\ ?3 ua_,(u.m;l\ GLAM) J).\.A\

D) 55 Al 55l pall L) iy lalpe alal) anad) Jadis Jlad) alse
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Jaa duy «284.5°C 5)a dayns 68.65[bar] dxie Als & SG (e U
[1].1503[kg/s] 4Ll (saxs

pxdiung (H.P. Turbine) Al hacall déic ) el jlas (0 e)a g o
A 5 s MSihll Jualh e Aadiedl chlal Guid saley 3L
&b 2l e a3 2400 Clia Aoy ) Al Jladl s salels skl
[1] [4].....L.P.Turbine _zaéiidl Jazcall Cilaic

smisid) haall diie ) RH gl Sl e a0l paesall Sl iy
[1] [5]- 285 paall at)50 alid i€l Jazia ) Led 2oy Q3. (L.P.Turbine)

séual) A

b bl i) D) ey gualall cgll 8 38 g U Gl
hall Claad) 3:U8 Gruad (M Gpuigally ehadll g Cum cleSleiad
Aasilly lgia Al

Ganl) Caaa
oLy lihiny) dagiin st & (e Aagiall daaall Sulingeyi Jidad ¢ )a)
Slo cbind haa IS 80 Ay & ey @bt A Bl alay e

cAdasall Sialipy ga il agayall ey N 385 CY s
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ragd) i) e

Aapd a3 g Lot (i) (gyhall 3505al Ll (e dygsill Cillasall (o
pamad dlie) axe e ddial) Jiae die godall elall diaidid) Jaa 5yl

Al o3 il

o V) i Y ed Cang oy Sl 138 G Basasall Lpmaall ciluball 3y
el 4 clga dllia of LS cBlane o @l ol e s gl

el Jaall
séuayd) daal
e oS Augqll Al i) Akl dAals)

dgysad) Claalall 8 3550 28Ul ilass Al Baaa Aing saclE Gauli L1
Logs 4a of A lly Ul 5 Jlaall 13 3 gpal alady 44y ol

A58y Aadial) Linsl i€l 03¢y Jaall aLY) (e
Ul (8 Lo il collaly Aol 4ty AEULY il 2 .2
Gty Agliey Cayo 13) aalall saaaial) badl) N Wliel (Sa LS -3

(T-8) @hall hlad) o aili€as danall 4ualinrsa il 3yl (2) JS&N
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T[C®]

S[kJ/kg.K]

(T-S) wball lahaaal) o 43lisSas ddasall sl g il 35001 (2) JSal

Ay i) 8 AUl Beally i) Alage bl cilelua o) sl
Byfiane Allad) o) il
(21,141, [5]¢ ALY Lalias) Aolas s
2Mn = XMou (1)
121 141[5] Al Bliasl Aslas ass
Ein = Eou (2)

([1LIS] Al (g3had) a5yl Ualas  Jaas

A\
3 = - net
( ) Nth Qadd
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s [1]eAnl Jelaall delain) (Y ¢ i ke 85Q,qq = 2652[MW]:aa

tdlalaall e conad
Qadd = [my(h;_h; ) = ms(hs — h5)]x0.001 (4)

[2][5]:38ally laxsd Adaaall Alall Jaal) Wil
Wnet =[(WHP +WLP) - (WP1 +WP2 +Wp3 +Wp5 )]X0.00I (5)

(2) Jstal) (850N N slaally ciliiaally ciliial) Jas Jany

thy&hy,

tha&hs 7 11
—0—>

‘VN" net

yokhso Wip =[my7 (h7 —hg) +(m7 — mg)(hg — hg) +(m7 —mg
— mg)(hg —hlo)]*0.00].

Wip =[Mas(his —hie) +(M1s — Myg)(hig — hay)
+(My5— Mg — My7) (17— hyg) +(M15 — Myg — My
— Myg)(h1g — hyg)]*0.001

Fri |7&f|i|'_r

P; 4auadll W1 =[myo (h21— h2)]*0.001
P, daadll W2 =[msg (32— h3)]*0.001
Ps YEWAA | WpZZWp5

P; daadll W3 =[M33 (h3s— h33)]*0.001

42




i slaal) g ity g 5 Aol Apentigh o slall Adualus Cad) dadla Al
S taaa sana A 2024 sls 4 sull 46 sl

- (3) Jsiall Ggakaal) sfial A QY o600 N sl

m4:m40:1503 [kg/S] =Ms

m-=my -Mg

My1=M7 - Mg — Mg — Myg

My3=My1— M1p

M13=Mjs5

M15=Myet+ My7+ Myg+ Myg

Myo=Myg + My

Mye=M31

M2o=Myg + My3

My3=Mys

Mys=M17 + My7

My7=Myg

Myg=M1g

Myp=M3p

M3p=M3;

M21=My4= Myg=M3g =M3y

M33=Mg + Mo+ M3+ M35 + M3y

M33=M34 ; M3g=M35 ; M3zg=M3g ; M3g=My4 ; M14=Mg

M3e=Mg + Mg3g

M4p=M37= M34=M33
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- (4) Jsaad by Al cliggal AUl 560 N slaa

(TS P S |
R m14(h14_ h39) = m40(h40 - h37)
Tas&hzo&xss = 0
R.H.Cooler
4P <o oL N j: T &hg
i N ]

Mz7&Nz7 [f————————— | _
e e e M14(h14 - hag) =Mg.hg + Mag.hzg — M3e.hgze
¥A v
Tizg&MNag Tz &h3&x36 = 0
H.P.5
Tiga&ho, 122 &MN1 25
9aj’ » 12a
— —" i _
o OFW M33.N33 = M3s.hgs + M3p.hgy + Mgphgy +
th3s&hss | o D gy &hay mg.hga + mlz.hlza
| I
vo | Ty o
A L._
Ti3s&hss Tha&hs;
OFW
M31(N31 —N2g) = Myo(h1o— h3p)
LP4
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LP3

Mag(Na2g — hoe) = Myg(h1s — hag)

LP2

Mae(Nos —N24) = Myz.h17 + My7.hy7 -
Mys.Nos

LP1

Ma4(N24 —Np1) = Myg.hyg + Myz.hyps -
My,.Np,

14
114 &hqg&xqy

M1;.N1; =Myp.hgp + Myghyg

My3.h13 + Me.hg = Mgy + Mys.hys
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. (5) Jsad @by (T, S) habial) (e Shall cilaysg hgiaal) ey slaa

[kPa] Ll [°C] 5 Al e s
P,=15800 T,=326.1 , T,=302.5 , T;=302.6
P,=15350 T15=240 , T4=15 | T,,=25
P;=15800 T,=Te=T;

P4:P5:P6:P7:6865

T4=Tgsx(Steam,P=P,)

Ps=P40=P37=P34=P39

Tg:TSat(Steam,Png)

P1=P, Ta0=Tsa(Steam,P=P,q)

Ps=2600 T13:TSat(Steam,P:P13)

Pg:1500 T39:T4:T14

P.1,=1013 Tas=Tg=Tas

Po=771 T55=T35=Tag
P15=P13=P10=P1,=P15=P30 T30=T1=T10=T11=Tss

P.s=196, Pis=Px )TlezTemperature(steam,p:p16‘h:h16
P1;=120 T17=Tsx(steam,P=P;,)
P17=Py7=Pys T1s=Tsa(steam,P=P;;)

P15=40 T19=Tsa(steam,P=P;)
P16=P2=P53 T 6= Tsa(Steam,P=P)

Po=7.5 Tys=T»=T17 ’ T0o=T»=T1g
P15=P20 Ta0=Tyg T4o=Ts
P33=1013 T =Temperature(water,p=py; ,

h:h21)

P33=P3,=P21=P3;=P29=P2=P3
5

Ta,=Temperature(water,p=ps, ,
h=hs,)

Ta,=Temperature (water,p=pas ,

P41:100 h:h34)

P41:P42 T24:65 T26:80 T29:107
T31=164 T37=222.5

P8:P38:P36 Tj(];:233 37
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(6) Jsall (8 :Akaaal) Jals 43181 A0 5asay N Y slaa

Aail) h ) X el 535

1 h,=enth(water,p=p; , t=t;) BEPEISIN

2 | hp=enth(water,p=p, , t=t,) b gocae

3 | hg=enth(water,p=ps , t=t3) L giae

4 | hy=enth(steam,p=ps , X=X4) 0.9975

5 | hs=hyg L shicas

6 Hs=h, X=Xy

7 | Hs=h, X=X,
Xing=Quali(steam,p=psg,5=54)

) o
Xino=Quali(steam,p=pq,5=54)

9 ::::i:Zt:h((::::;’(i;p;tg)_xthg) Xo=Quali(steam,p=pg , S=So)
Xino=Quali(steam,p=p19,5=S4)

10 hthlo-:enth(steam,p:plo,x:xthlo) X10=Quali(steam,p=pyo , h=hyo)
eta_iso=(hg-h10)/(hg-h¢n10)

11 | hyy =hgg X11=X19

12 | hiz=hg 0

13 | hys=enth(steam,p=p;3 , X=X13) 0.99

14 | hys=enth(steam,p=pi4 , X=X14) 0.311

15 | RHA Gl o)) sill dalas (e lgple Juans e Ay
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hiis=enth(steam,p=p;6,S=S;s)

16 _ paeaa Ay
eta_iso=(N1s-h16)/(N15-Ntnas)
Xini7=Quali(steam,p=p;7,5=S15)

17 hthﬂ.:enth(steam,p:pﬂ,x:xthl?) X17=Quali(steam,p=p17 , h=hy7)
eta_iso=(hys-h17)/(N16-hin17)
Xinig=Quali(steam,p=p;3,5=51s)

18 hthlg-:enth(steam,p:plg,x:xthlg) X1s=Quali(steam,p=p1s , h=hys)
eta_iso=(h17-h1g)/(N17-hin1s)
Xing=Quali(steam,p=p;9,5=S15)

19 hthlg-:enth(steam,p:plg,x:xthlg) X19=Quali(steam,p=p1s , h=hys)
eta_iso=(h1g-h10)/(N1g-hin1e)

20 | hyp=enth(steam,p=p,o , X=Xz0) 0
hin21 — h20=V20(P21 — P20)

’1 VZO:-Vqum(steam,p:pzo, X=X20) L
eta_iso=(hn21-h20)/(h21-h2o)

22 | hy,=enth(steam,p=p,, , X=X5)) 0

23 | hyz=hys Xz3=Quali(steam,p=p,3 S=S,3)

24 | hy=enth(water,p=pys , t=t,s) L e

25 | hys=enth(steam,p=p,s5 , X=X5) 0

26 | hyg=enth(water,p=pas , t=ty) b paa

27 | hy7 =hyg Xo7=Quali(steam,p=p,7 ,h=hy;)

28 | hpg=enth(steam,p=pog , X=Xg) 0

29 | hyg=enth(water,p=pyg , t=tyq) L sas

30 | hyg=enth(steam,p=pzo , X=X30) 0

31 | hy=enth(water,p=ps; , t=ts;) L sas
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Nths2 — N30=V30(P32 — P30)
Vzp=volum(steam,p=pzq, X=Xzq)

eta_iso=(hns2-h3o)/(N32-h3o)
33 h33=enth(steam,p:p33 , X:X33) 0

hin3a — N33=V33(P3s — P33)
2 v33:-volum(steam,p:p33, X=X33) Lo

eta_iso=(Nizs-ha3)/(zs-h3s)
35 | hgs=hg Xss=Quali(steam,p=pss h=hss)
36 | hgg=enth(steam,p=pz¢ , X=X3¢) 0
37 | hg;=enth(water,p=ps; , t=ts;) L shias
38 | hgg=hg X3g=Quali(steam,p=psg, h=hss)
39 | hge=enth(steam,p=pzg , X=X39) 0
40 | hyp=enth(water,p=pyo , t=tso) BEPEISN
41 | hy=enth(water,p=p4; , t=ts41) L griaa
42 | hyy=enth(water,p=pa, , t=ts) L siae

(7)) dsaad) (ghg:ddasall Jalii ABIST g i) yyaas
Al AN Aail) s Y

1 | S;=entrop(water,p=p, t=t;) 22 | Sy=entrop(steam,p=pyz X=Xy,)
2 | S;=entrop(water,p=p, t=t,) 23 | Syz=entrop(steam,p=p,3 h=hys)
3 | Sz=entrop(water,p=p; t=t3) 24 | Sy,=entrop(water,p=p,4 t=t54)
4 | Sy=entrop(steam,p=p, h=h,) 25 | Sys=entrop(steam,p=pys X=Xys)
5 | S5= Sy 26 | Sye=entrop(water,p=p,s t=ty)

49




(Sralina ga il 393 yal) e 4958l AP1000 Uase dllie (pa JAL Gl jiiu) <N irag haghia i

6 |Sg=S, 27 | Sy7=entrop(steam,p=p,7 h=hy;)
7 1S,=5, 28 | Spyg=entrop(steam,p=p,g X=Xy)
8 | Sg=entrop(steam,p=pg h=hg) 29 | Syg=entrop(water,p=p,g t=tyq)

9 | Sg=entrop(steam,p=pg h=hy) 30 | Szp=entrop(steam,p=pzo X=Xz)
10 | Sjp=entrop(steam,p=p;o h=hy0) 31 | Sz;=entrop(water,p=pa; t=ts;)
11 | S;1 =Sy 32 | Sg=entrop(water,p=pz; h=hs,)
12 | Si5 =Sy 33 | Ssz=entrop(steam,p=pz3 X=Xaz3)
13 | Syz=entrop(steam,p=p;3 X=Xy3) | 34 | Sss=entrop(water,p=pzs h=hs,)
14 | Syy=entrop(steam,p=p14 X=Xy14) | 35 | Sgs=entrop(steam,p=pzs h=hzs)
15 | Sys=entrop(steam,p=p;5 T=T1s) 36 | Szg=entrop(steam,p=pzs X=Xzs)
16 | Sig=entrop(steam,p=pien=hys) 37 | Sgr=entrop(water,p=ps; t=tz;)
17 | Sy7=entrop(steam,p=p;7 h=h;;) 38 | Szg=entrop(steam,p=pzg h=hzs)
18 | Sig=entrop(steam,p=p;g h=hys) 39 | Szg=entrop(steam,p=pzg X=Xzg)
19 | Sig=entrop(steam,p=p;9 h=hyq) 40 | Syo=entrop(water,p=pgo t=tso)
20 | Syo=entrop(steam,p=p,o X=Xz0) | 41 | Sy =entrop(water,p=ps; t=ts)
21 | Sy;=entrop(water,p=p,; h=hy;) 42 | Sp=entrop(water,p=pg, t=ts,)

AYaleddl Jay Jaiadtia CALD.\ By EES GQLD.} ‘_;x: Y aleall d\;.ﬁ}.’ ﬁ)s.a
mali say ASaligall Johall aien aai i o allgal ASalio gesl
[7]...: il pally Aaalizn g i) lloall b adine
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4 0ila plaall g Al g g ASailSaal) dpuigl o glad) Alubs

Cacy -

Sk daaa 0

dana & 2024 als 4 amll 46 dadl)

radl AV el (a0 EES uay
Y alaall iy Sy Y —1
dialadl Caii iy digs Y 2

e S AUl Jgha dadiyy Glagleall dliy (0 At 4586 (gimy -3
calsal) A Jelail finald Copas o A Al gl alsal

Lol malipal) agiy Cam Clpuriall Cipat i Syam ol 530S (W) Alls Jogi —4
g i€ Bye Jof Alla Galdatl GapnY) s sty

Al gty duaily bl i 3 Al ge S G (o -5

[71......... idagaia

Akl g dbaal ASualiagadll  ahdially gl clls(8) A Jead

[1] :3:ial (AP1000)PWR
Stream | Flow T[°C] | P [kPa] | Steam | Enthalpy | Exergy
rate g=mi/mg; Quality | [kJ/kg] | [kJ/kg]

[ka/s]

1 18800 12.5 326.1 | 15800 15000 490
2 18800 12.5 302.5 | 15350 1358 415.7
3 18800 12.5 302.6 | 15800 1359 416
4 1503 1 284.5 | 6865 0.997 2770 1096
5 1503 1 233 6865 1004 245.9
6 156.6 | 9;=0.10419 | 284.5 | 6865 0.997 2770 1096
7 1347 0.8962 284.5 | 6865 0.997 2770 1096
8 138.1 | 9,=0.09188 | 226.1 | 2600 | 0.9036 2626 931.4
9 10.9 | g3=0.00725 | 198.3 | 1500 | 0.8616 2522 831.5
9a 10.9 | g3=0.00725 | 180.3 | 1013 | 0.9325 2522 720.2
10 128.6 | gs=0.08556 | 168.9 771 0.8284 2415 722.7
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11 1069 | 071124 | 1689 | 771 | 0.8284 | 2415 | 722.7
12 | 1748 | 9,=0.1163 | 1689 | 771 0 7145 | 1309
12a | 174.8 | 9,=0.1163 | 168.9 | 1013 714.07 | 162.31
13 | 894.4 0.595 1689 | 771 0.99 2747 | 8384
14 | 156.6 | 0;=0.10419 | 2845 | 6865 | 0.311 1731 | 5933
15 | 894.4 0.595 240 | 771 2929 | 909.4
16 | 46.01 | gs=0.03061 | 119.6 | 196 2713 | 6535
17 | 24.64 | g;=0.01639 | 1048 | 120 | 0.946 | 2603 563
18 | 38.86 | gs=0.02585 | 75.85 | 40 | 0918 | 2447 | 394.9
19 | 7849 | 0522222 | 403 | 75 0.86 2239 | 1715
20 | 894.4 0.595 403 | 75 0 1688 | 4397
21 | 894.4 0.595 40.58 | 1013 169.9 | 4.493
22 | 1095 | 007285 | 75.85 | 40 0 3175 | 23.65
23 | 70.65 0.047 7585 | 40 | 0.0525 | 4393 | 44.88
24 | 894.4 0.595 65 | 1013 2721 | 1631
25 | 70.65 0.047 1048 | 120 0 4393 48.9
26 | 894.4 0.595 80 | 1013 3349 | 26.77
27 | 46.01 | gs=0.03061 | 104.8 | 120 | 0.0279 | 502 63.8
28 | 46.01 | gs=0.03061 | 119.6 | 196 0 502 64.77
29 | 894.4 0.595 107 | 1013 448.6 | 51.15
30 | 128.6 | gs=0.08556 | 168.9 | 771 0 7145 | 1309
31 | 8944 0.595 164 | 1013 693.1 | 1234
32 | 128.6 | 9s=0.08556 | 169 | 1013 714.8 131
33 1503 1 180.5 | 1013 0 7653 | 1492
34 | 1503 1 1822 | 6865 773 152
35 | 2947 | 019607 | 180.5 | 1013 0.1 971.7 | 2244
36 | 2947 | 019607 | 226.1 | 2600 0 971.7 | 2318
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JrIN sana SR 2024 pls 4 3 46 saad
37 | 1503 1 2225 | 6865 955.1 | 2247
38 | 1566 | 010419 | 226.1 | 2600 | 0.157 | 1260 | 353.7
39 | 1566 | 010419 | 2845 | 6865 | 0 1260 | 365.9
40 | 1503 1 233 | 6865 1004 | 2459
41 39224 | 260971 | 15 | 100 62.92 0
42 39224 260971 | 25 | 100 1048 | 0.711

GV Joaal) loal gty ¥ abeadl JIo ams EES malipy e Jall dai

il Aaaal) cillanay Jall it A5l peaayy

: Jad) milily 8 aainall dasal) cildara o 44)l8a (9) Jeaad)

B\ Badizall ddasal) Jall ot Er%
1 Wyp 447.6 448.3 0.15
2 Wip 578 577.6 0.06
3 Wet 1012.78 1013 0.021
4 W 38.16 38.19 0.07
5 e 37.23 37.24 0.026
6 Wpy 1.066 1.066 0
7 Wp, 0.04 0.04067 1.64
8 W3 11.67 11.67 0
9 T1s 240 239.1 0.037
10 Tao 233 233.1 0.042
11 X1 82.84 82.81 0.036
12 X9 86.00 86.01 0.011
13 Mg 156.6 154.9 1.09
14 Mg 138.1 139.3 0.86
15 Mg 10.9 10.9 0
16 Mo 128.6 128.4 0.15
17 Mie 46.01 45.99 0.13
18 M, 24.64 24.64 0
19 Mg 38.86 39.23 0.18
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ralidal) A ke da ) o laldie) i) g Jlae s
Glaae el 4 il apeaill Glidwal 253 5ha Aapy DY lae aad
dbaddl 4 Ll 4B dall cdlelis e Jaad Al Ayl AdU)

[1]: lidsall A B class (10) Jsiad oo

(sl [Clz A3, s 4a 2
LP; T24=60.....66
LP, T2=79.....90
LP; T,=107...115
LP, T3,=160...164
OFW T33=180.5
R.H T37=200...223
Cooler.H T40=233

o JalS S My cliiall e Cajtiaal A O fins Cige Al a2 b

A Bl A bt ) (e 430 sl A Hha dap o) ghebial

Ta7=Tas &T31 =Ty &Tog =T &Ts=T &Tou=Typ

tlaxie (1) JSall (e 1 oY) Al s
& T31 = T30: 164 CO & ng = :90C0 & T24 = T22:66C0

T28:115C0 & T26 :T25 T33:180.5 c° &T36: T37:223 c°
PN\ PP Sl Lgria Y alee K
P1s= Psat(Steam, &P1g= Psy(Steam, T=Tgy) &Pg= Pgy(Steam, T=Tz¢)

&T:ng)
P1g= Psa(Steam, T=Tyy) &P17= Psy(steam, T=Tys)
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b s saacis 2024 sls 4 3\ 46 s
i il Gl (s
P17 = &PlG =169.7 &P10 =683.8 &Pg = 1500 &sz 2459 [kPa]
70.3 ) Plg =26.2

Al Al b
Tog=Tos= [C] &To6=Tos=79[C] &T24 =T, =60[C°]
T31=T30=160[C] &107
T37 = T36 = ZOO[C]
raa Jall dagi

P17 =46 , &P1s =134 &Py =617.6 &Py =1057 &Pg= 1560 [KPa]

Pig =20
Cilaiall wCJlAj\ J\A.\j\ 33 g bLG‘JA&Au\J.\iu\ A daaall d\;.q UJS'J LA&L\}
[1].......:0.86 o= J&Y o) ey Xp 50.82 0o JEY o) oy Xpyp 2 s

Pw= & Py =1057...1500[kPa] &Pg= 1560...2459 [kPa]
Pi=134...169.7[kPa] & Py, =46.. 617.6...683.8[kPa]
70.3[kPa] & Pig=20..26.2[KkPa]

P hleS ) dagria past aay Jall 3280 o< g

"2y Solution =)= e

b air ]

Unit Settings: S1 C kPa kJ mass deqg

Neandp = 0-85 [ n.=03789 [ NHP fup = 0-85 [
MHp.st = U8 | Mjsg = U8 LR fwp = -85 Ll
NPt = 0.8 [ Npump = 085 [ My, = 03885 [
F=001146 g=123.2 [kass] hg =63 [kifkgl

m = 2665 [kg/s] Moond = 39224 [kg/s] Mgy = 18800 [kg/s]
my, = 1503 MoLymps =4 [ pg=101.3 [kpal
Peond = 0-075 [bar] pg =158 [bar Fato = BEES [kpal
Qg = 2652 [ sp = 0.224 [kj/ko™k] tg = 288.2 [c]

1oy, i= 302.7 [c] topo = 326.1 [c] fpug = 264.5 [c]
tWCDnd,in =15 [C] twc:c\nd,out =25 [C] "‘;""e= 1005 [MW]

wig =1000 [hiw] WP et = 465.7 WP e = 5777 [hAv]
Wt = 1031 [hiw] Wonep = 392 (W] wp = 12.84 [Mw]
wpy = 1.07 [hw] wpo= 0.04748 [hy] wpg= 11.67 [Mw]
wpg = 004749 [hw] wig = 3490 [hw] wep = 1043 [
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3ayall ey Calii o) eV me e faa e dancn J< Jlae Lils ujas

Py Jo¥) i) Jarua

466 580
-t
[ ] /._‘4."'
) o o
464 A\ L 5705
.\ =
L} ./
\ /’/

g 462 AN 579 g
z ST |
ng /0 N .;
460 ’ LN 578.5

/ "
- l\.
/ .
458 /' - 578
\_._‘H.
456 5775
1400 1600 1800 2000 2200 2400
pI8] [kPa]
_’_\éVuD nat
B —W| b nat
0.1 0.389
—+—ql8] o
T " Thh ol n
it
0.08 ./_/:/./.
T
ot 0388 _
= 006 e ././ £
= P
e v
. -
0.04 S
A—"A 0.387
v
S
0.02 A
V4
&
0 0.386
1400 1600 1800 2000 2200 2400 2600
pI8] [kPa]
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& Granally (il Bl s (Bl 505all Py 8l a4l (6) IS (e 2aadls
vie Ny 180.5[C] il aie zgpall dayay il 7 gidall (piasall Jaa gl lld
LoD Ll Galss] ) sasslen g )hal) gsinall a3 ol hg dag Jaaall a5
oty el il e Jae o) Ll cpa AAGED yhall Ay ) cpdaall
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Albaall Sialidgayill 2505l

Pio -l Cijiiay) b
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Studying Characteristics of Channel
Produced by Friction Stir Channeling
Technique in Aluminum Alloy (Al 443.0)

Student: Eng. Hamzah Alhussein Design & Production Dep. —
Faculty of Mech. & Elec. Engineering — Al-Baath University
Suprivesrd by: Dr. Tawfik Al-Masood + Dr. Mahmoud Al-Assad

Abstract: In this research, experimental work was conducted on a
plate of cast Aluminum Alloy (Al 443.0) to produce an internal
continuous channel with linear path using Friction Stir Channeling
(FSC) technique, as this technology is considered one of the most
important modern process in the field of friction stir manufacturing.
The experiment was carried out on a machine (Pillar Drill JIH
GWO K-1316F) using fixed cylindrical tool with rotation speed
(1225 rpm) and travel speed (30 mm/min). As a result of
experiment a continuous internal channel was obtained in
aluminum plate with dimensions (100x100x5 mm), where the
cross-sectional geometric shape of channel is rectangular shape
with dimensions (3.7x1.9 mm).

The Characteristics of the channel produced by FSC method were
compared with traditional method such as Drilling, Milling, and
Electric Discharge Machining EDM by Strength, Weakness,
Opportunities, and Threats Points (SWOT) analysis. The results
showed that FSC process is an innovative technology that has high
potential to be introduced various industries. Although there are
many traditional technique, FSC tech has some advantages over
these techniques.

Keywords: Friction Stir Channeling — Aluminum Alloy (Al 443.0)
— Internal Continuous Channel — Electric Discharge Machining
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Abstract

The use of a dynamic voltage restorer, which is based on the
photovoltaic system, improves the reliability of the network in
which it operates, as it is considered one of the most important and
widespread power quality solutions. The pulse width rate used in
the source voltage switch is the core of the dynamic voltage
restorer's work in compensating for the droop and swell
experienced by the supply voltage. In this study, the performance of
DVR was analyzed in Matlab/Simulink environment, where a
dynamic voltage restorer control method was developed using
synchronous reference frame theory to be able to better compensate
the voltage, where the compensation process is either by injecting
the actual and reactive power or absorbing it between Common
coupling point and sensitive load. The results presented in this
paper demonstrate the excellent performance of the proposed
control algorithm in both steady state and turbulence conditions.

Keywords: Dynamic Voltage Regulator, Voltage Sag,
Voltage Swell, Series Compensating Device.
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“Studying the effect of interior design
modification of the piston on the Magneto
Rheological damper performance”

Abstract:

In this research, the effect of design modification of the
magnetic flux path and the fluid path within the piston of the
magneto-rheological damper was studied, to improve the
performance of this damper by increasing its damping force.

A model was designed that simultaneously combines
meandering of the magneto-rheological fluid path and meandering
of the magnetic flux path by adding magnetic and non-magnetic
rings were assembled in the form of three cylinders mounted inside
each other with the magnetic coil inside them to form the proposed
new design for this piston.

Several simulations of the proposed model have been
completed, the numerical results showed that the damping force
increases proportionally with increase the current in the electrical
coil. They also showed that this design allows obtaining high
damping forces with relatively small piston dimensions.

Key words: Magnetorheological fluid <« Magnetorheological
damper, damping force, magnetic coil « magnetic flux .
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“The effect of changing the piston design
on the magnetic flux density and damping
force of the Magneto Rheological damper -

Experimental Study”

Abstract:

In this research, a new design for the magneto rheological damper
(semi-active damper) was studied, which aims to achieve optimal
values for the damping force (the desired goal of the diversity of
designs of rheological dampers). The idea of improving the design
emerged from integrating the meandering of the flow channels of
the magneto rheological fluid with the meandering of the magnetic
flux. By adding magnetizable rings and non-magnetizable rings
with specific dimensions (the best thickness was 6 mm for non-
magnetizable rings).

The manufacturing process of the proposed model was completed
and it was found that the damping force increases with the increase
in electrical current applied to the magnetic coil.

The results showed that the damping force increases proportionally
with the increase in current in the magnetic coil. They also showed
that this design allows obtaining high damping forces with
relatively small piston dimensions.

Keywords: semi-active damper, magneto rheological fluid,
magnetic coil, damping force, magnetic damper.
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