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Résumeé

Les centrales a vapeur figurent parmi les principales sources de
production d’¢lectricité dans le monde. Elles reposent sur des cycles
thermodynamiques permettant de convertir 1I’énergie thermique en
énergie €lectrique.

Le cycle de réchauffage ferme de I’eau d’alimentation est I’un des
cycles les plus fréequemment utilisés dans ce type de centrales.

La présente ¢tude porte sur une analyse thermodynamique et
numerique de ce cycle dans une centrale a vapeur. Elle vise ¢galement
a évaluer son rendement et a identifier les pistes d’amélioration

possibles.

Mots-clés : Centrale a vapeur, Cycle de réchauffage fermé,

Réchauffeur d’eau d’alimentation, Rendement thermique



Summary

Steam power plants are among the primary sources of electricity
generation worldwide. These plants operate based on thermodynamic
cycles that convert thermal energy into electrical energy.

The closed feedwater heating cycle is one of the most commonly used
cycles in such plants.

This study focuses on a thermodynamic and numerical analysis of the
closed feedwater heating cycle in a steam power plant. It also aims to
evaluate the cycle's efficiency and explore potential areas for

improvement.

Keywords: Steam power plant, Closed feedwater heating cycle,

Feedwater heater, Thermal efficiency
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S1 [520.0 {10,300 | 0.0329 | 3,083 | 3,422 6.65 13.74 | 313.2| —
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S4 |45.82| 10.00 | 11.73 | 1,987 | 2,105 6.65 13.44 | 45.82 | 10.00
S5 [172.5| 839.8 | 0.2295 | 2,578 | 2,771 6.65 |0.3000| 172.5 | 839.8
S6 |45.82| 10.00 | 11.52 | 1,954 | 2,070 6.54 13.74 | 45.82 | 10.00
S7 [20.00| 10.00 | 0.0010 | 83.83 | 83.84 | 02962 | 13.74 | 4582 | 2.35
S8 [20.16|10,300| 0 83.86 | 94.13 | 0.2962 | 13.74 | 313.2| 2.37
S9 |32.07 10,300 | 0.0010 | 133.3 | 143.6 | 0.4615 | 13.74 | 313.2 | 4.78
S10|120.0 | 839.8 | 0.0011 | 503.3 | 504.2 1.53 | 0.3000 | 172.5| 198.5
S11[45.82| 10.00 | 1.92 | 485.1 | 504.2 1.63 | 0.3000 | 45.82 | 10.00
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Back-
n_Carnot | n_thermal | Tmax | Tmin | Pmax | Pmin Poivl:er P(:lvter poNv(:er work ‘:;(;;:( Q_in | Q out Ng
% % (C° | (C° | (kPa) | (kPa) ratio o kW) | (kW)
kW) | (kW) | (kW) (%) (%) (kW)
63.04 39.42 520.0 | 20.0 | 10,300 | 10.00 | -141.4 | 17,899 | 17,757 | 0.7901 | 99.21 | 45,043 | -27,28 | 17,757
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T P v u h S m | T sat| P_sat
(C°) | (kPa) | (m/kg) | (kJ/kg) | (kJ/kg) | (kJ/kg'K) | (kg/s) | (C°) | (kPa)
S1 [520.0| 10,300 | 0.0329 | 3,083 | 3,422 6.65 13.74 | 313.2 —
S2 [400.1| 5,000 | 0.0578 | 2,907 | 3,196 6.65 13.74 | 264.0 —
S3 [500.0| 5,000 | 0.0686 | 3,091 | 3,434 6.98 13.74 | 264.0 —
S4 [408.4| 3,000 | 0.1139 | 2,947 | 3,249 6.98 13.74 | 233.9 —
S5 [408.4| 3,000 | 0.1139 | 2,947 | 3,249 6.98 8.00 | 233.9 —
S6 [408.4| 3,000 | 0.1139 | 2,947 | 3,249 6.98 5.74 | 2339 —
S7 1308.4| 1,500 | 0.1949 | 2,797 | 3,055 6.98 5.74 | 198.3 | 9,648
S8 | 50.0 | 1,500 | 0.0010 | 209.1 | 210.6 0.7031 5.74 | 198.3 | 12.35
S9 |150.32|10,300 | 0.0010 | 209.1 | 219.5 0.7031 5.74 | 313.2 | 12.55
S10|233.9| 3,000 | 0.0663 | 2,594 | 2,793 6.16 8.00 | 233.9 | 3,000
S11|394.6|10,300| 0.0252 | 2,814 | 3,072 6.16 13.74 | 313.2 —
S121200.0| 10,300 | 0.0011 | 844.2 | 856.1 2.34 13.74 | 313.2 | 1,554.5
S131313.2| 10,300 | 0.0104 | 2,040 | 2,146 4.62 13.74 | 313.2 | 10,300
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Back-
n_Carnot | n_thermal | Tmax | Tmin | Pmax | Pmin PoivI:fer Pz‘::r poNvffter work ‘:;(:;:( Q_in Q_out N(gt
() o (o) le} *
%o %o (C°) | (C°) | (kPa) | (kPa) &W) | &W) | kW) 1&2‘1)2;) (%) (kW) | (kW) (kW)
59.26 21.48 520.0 | 50.00 | 10,300 | 1,500 | -2,287 | 6,754 | 4,467 | 33.86 | 66.14 | 20,796 | -16,32 | 4,467
Pr= Py G550 slia Gl Jaiial (gglusa cpindl 5ale) Jaiia o€ s b 5oLig
51l g 5)hyall 4aaSs ‘;L\aﬂ ezl ad 13 .4 Jsa
Back-
n_Carnot | n_thermal | Tmax | Tmin | Pmax | Pmin Po.wer Power | Net work W".rk Q in | Q out | NetQ
% Y () | (C°) | (kPa) | (kPa) | M | out jpower | .o | T Gy | kW) | kW)
’ ’ (W) | (W) | (kW) | | (%)
58.20 19.03 520.0 | 50.0 | 10,300 | 1,500 | -265.0 | 14,471 | 14,206 | 1.83 | 98.17 | 74,642 | -60,43 | 14,206
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T P v u h S m | T sat| P_sat
(C°) | (kPa) | (m*/kg) | (kJ/kg) | (kJ/kg) | (kJ/kg'K) | (kg/s) | (C°) | (kPa)
S1 [266.2| 10300 | 0.0013 | 1151 1164 2.93 13.74 | 313.2 | 5182
S2 |1 520.0 | 10300 | 0.0329 | 3083 3422 6.65 13.74 | 313.2 | —
S3 [435.7| 6000 | 0.0508 | 2962 3267 6.67 13.74 | 275.6 | —
S4 1435.7| 6000 | 0.0508 | 2962 3267 6.67 1238 | 275.6 | —
S5 [ 312.1| 2500 | 0.1117 | 2783 3036 6.71 12.38 | 224.0 | 10146
S6 |312.1| 2500 | 0.1117 | 2783 3036 6.71 10.00 | 224.0 | 10146
S7 (212.7| 1000 | 0.2129 | 2644 2857 6.76 10.00 | 179.9 | 2011
S8 [500.0 | 1000 | 0.3541 | 3124 3479 7.76 917 | 1799 | —
S9 (2154 100 2.24 2681 2905 7.90 9.17 199.63 | 2123
S10 | 215.4| 100 2.24 2681 2905 7.90 9.17 1 99.63 | 2123
S11(45.82| 10 1443 | 2400 2400 0.6493 9.17 | 45.82 | 10.00
S12 14582 10 | 0.0010 | 191.8 | 191.8 0.6493 9.17 | 45.82 | 10.00
S13 4583 | 100 | 0.0010 | 191.9 | 192.0 0.6493 9.17 199.63 | 10.01
S14 | 215.4| 100 2.24 2681 2905 7.90 9.17 199.63 | 2123
S15199.63 | 100 | 0.0010 | 417.4 | 418.5 1.30 10.00 | 99.63 | 100.0
S16 | 100.6 | 10300 | 0.0010 | 418.6 | 429.3 1.31 10.00 | 313.2 | 103.6
S17|312.1 | 2500 | 0.1117 | 2783 3036 6.71 10.00 | 224.0 | —
S18 |224.0 | 2500 | 0.0012 | 959.0 | 962.0 2.55 10.00 | 224.0 | 2500
S22 1215.0 | 10300 | 0.0012 | 911.2 | 923.2 2.46 10.00 | 313.2 | 2104
S23|225.8 | 10300 | 0.0012 | 960.1 | 972.3 2.56 2.38 | 313.2 | 2586
S241217.1 | 10300 | 0.0012 | 920.6 | 932.7 2.48 12.38 | 313.2 | 2191
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Back-
n_Carnot | n_thermal | Tmax | Tmin | Pmax | Pmin Poivl;'er P(;\:ter poNv?f:sr work ‘:;(;;:( Q in | Q_out | Net Q
% % (C% | (C° | (kPa) | (kPa) ratio o kW) | (kW) | (kW)
kW) | (kW) | (kW) |0y ) (%)
59.78 42.08 520.0 | 45.82 | 10,300 | 10.00 | -152.5 | 15,821 | 15,668 | 0.9637 | 99.04 | 37,233 | -21,56 | 15,668

Jax ddans 5liS (o ST (35S Cpiiail) sale] e 203300 olae Gilias 83550 dlane BeliS (o Jaadls

Cpadl) sale) aa (Blae aaly i

Laall el Blya dapy aly ¢l sale] pa 850 8 Aabrall 230 slae lilis dae aly LS oY

Aohall el caly Mg ¢ i) Z by agisl) e Lstlaall sylall iy A ) Jalal

s alal) .8

1« gad) 7 3gai ol dilie slie 20335 Byo0 Jaad Aplas dlane ol ety Uil e Jucadll 13

ol Olaws alasiud o okl cojelsl My ¢ Adasall (Kl 590 BeliS e Alaaall s BeliS 3l

Loseg ddasall 038 ol (ju dadlia) d3jlae Lnal WS . 5l 8 Bagale Geesd ) (250 dodail)

J 5eUS (e Lhad Tk aaly Gl dgag of ciig ¢ Ll ol ili e siad (g)al Al

o and Azl slae i aae 83by o ) bl Cuald caule s . puilians 535 el Aanally d3lia

2\.3)\;43\ ddasdll 5leS cé)

74




dale 4ald

s dale dld

Gl g 30d 8 Asal) B (o dilia slie 4335 590 Jaad Al & ylaal) A8l cillase a8
Lald (hlid) ciisg s a8l clalin) Zobl Alled Ysla 533 Gus callal) (ggice e 450 <)
Galeaitly Glee Bl Lgbaas Loa ¢ Juanill Alggans maarail) Aol callanll sda Lty . Lnalill 5f 4501

YA e daell 8

Gillanal Shlas Lyl clad Gus ¢y al) 8Ll ags illana gl pal ) U5 ¢5,S0a) 020 b
Wl LS L dilie sle 40333 90 Jand 3 &) cllaaal) ) Youmy cdlally dslall 28l
Lbaial)l (ailadl) 7 )it (e Wi€e G2 «CYCLEPAD zeeli aladials Ladd )y duandgal Ay

(msill Glyey (alida yie daall

Uabias Jaxd 850 el B335 sbar Byo0 cilanad) (S35 850 il ey ao)f Al ciled
Aalaal) 233l sbe il Cp eat (5305 cpaaall Balels Aalial) 3330 sl pan 550 ¢ Jakall
A Aasall o) s s cisall o3 o Bl & Lals bl cujelal g . cpall salel
P o Ll el daaly 4l<a) @llia o V) B 80US (32a5 Lalin slaa L35 553 Jaad 3
sale) alasiad o Al slue Ui dae 50b) e Al lilaYly dexigl cOLaaill (ae

- Opddl)

75



D aaball Al

D dnpl) aaball e

:2024-12-12 :Jsa 2 hitps://tsf7.com. #t [duaid] (riai  [4]
Al LA 2 155 lhaas (ol Gead 2aal 3 [5]

& https://www.google.com/... #t .[daid .2018-01 ‘«Awi daior (@l Jls . 95 .a [6]
.2024-12-07 :Jsaa
: https://mawdoo3.com ~t .[Jeaid]. 2023-07-26 ««mawdoo3.comy ¢3lay .o [7]
[2024-12-24 :Jsaa & . lgldasialy diilag <) daall
bl [deaid. 2019-03-22 ««almrsal.comy ¢ s .} [8]
.2024-12-19 :Jsaal & https: //www.almrsal.com/post/797458
& https://www.enec.gov.ae/ar/... b .[deaia] .dggll BUall wjlaY) duvsa « «ENEC.GOV.GE» [9]
2024-12-08 :Jsal
t e [deaia] 2010 cdagsill daUall clubu g clulay] c«mawdoo3.comy ¢ jsle cligy spabie H5 [10]
2024-09-27 :Jsaall 2 hitps: //mawdoo3.com.
: https://esi.edu.sa. b [daid]. cuuill Lurigl agle 2420 « €si.edu.sa [11]
2024-12-28 :Jsaall
https://www.ingco.com/ar/blog/what-is—diesel-generator : Ui .[Jaid ¢« «ingco.comy [12]
2024-12-27 :Js3
& https://www.emsa.gen.tr/ar/... b [duaid. Jpdf SlSae cipe ¢ «WW.emsa.gen.try [13]
1.2024-12-28 :Jsaall
.2018 «Noor Book « gilell (pmysill «Jals cciagy lixe .o [14]
a3 https://fr.scribd.com/document. ~ta .[Juaid] c«fr.scribd.comy «Juls .cuags lae .o [15]
2024-12-28 :Jeaall
=28 :Jsaall au https://fr.slideshare.net/slideshow/... [~ [aid ¢ «fr.slidesharen.et» [16]
2024-12
.2004-07-19 «Noor Book «Lilest/ (§sbsg 1sill cilhana ¢ yskitg avacail dalal) dosssall [17]
2025-03-10 :Jsaall & hitps://www.voltiat.com/... =t [l c«ibidalsd « [20]
2022703 (ulaill ilaas — Galil) al) = yead Aise cedamigl) @hlinadl ey cugs 1 [25]
2025-03-19 :Jsaall & https://asecbim.com/... #t [daid]
t e [daid]. 2009 « Thermodynamics Lectures «—3yli— (i) dads [26]
2025-03-20 :Jssall shttps://uomus.edu.ig/...

. ahall dlsll cAl-Mustagbal University College <Thermodynamics ¢« D. A. Al-Abbasi [30]


https://tsf7.com/
https://www.google.com/
https://mawdoo3.com/
https://www.almrsal.com/post/797458
https://www.enec.gov.ae/ar/
https://mawdoo3.com/
https://esi.edu.sa/
https://www.ingco.com/ar/blog/what-is-diesel-generator
https://www.emsa.gen.tr/ar/
https://fr.scribd.com/document
https://fr.slideshare.net/slideshow/
https://www.voltiat.com/
https://asecbim.com/
https://uomus.edu.iq/

: daia¥) aalall e

[2]j. ). imaz, "REPSOL S.A," Repsol, 03-04-2024. [Online]. Available:
https://www.repsol.com/en/energy-and-the-future/future-of-the-world/solar-thermal-
energy/index.cshtml. [Accessed: 24-12-2024].

[3] M. Arcelli, "Oyher electric power generation company," ACWA Power, 03-2023.
[Online]. Available: https://acwapower.com/ar/projects/energy-types/about-photovoltaic-pv-
power/. [Accessed: 24-12-2024].

[18] R. K. Rajput, Engineering Thermodynamics, LAXMI Publications (P) LTD113, Golden
House, Daryaganj, New Delhi-110002, 1996.

[19] OilGasWiki, 27-04-2020. [Online]. Available:
https://www.oilgaswiki.com/2020/11/Steam-boilers.html. [Accessed: 10-03-2025].

[21] "Trusted Industrial Steam Boiler Manufacturer in India," Thermodyne Boilers, [Online].
Available: https://thermodyneboilers.com/steam-power-station/. [Accessed: 10-03-2025].

[22] Paul Mueller, [Online]. Available: https://academy.paulmueller.com/the-different-types-
of-steam-in-industrial-steam-generation. [Accessed: 10-03-2025].

[23] "PROPERTY TABLES AND CHARTS," 15-04-2002.

[24] G. Hewitt, "Thermopedia," Begell House, 2005. [Online]. Available:
https://www.thermopedia.com/content/756/. [ Accessed: 20-03-2025].

[27] "mechanicaltutorial," [Online]. Available: https://www.mechanicaltutorial.com/types-of-
feed-water-heater. [Accessed: 12-04-2025].

[28] D. E. Mostafa, "CLOSED FEED WATER HEATER," [Online].

[29] International Journal of Advanced Research in Science Communication and Technology,
pp. 67-68, 2024.

[31] N. Mukherjee, LinkedIn, 26-12-2020. [Online]. Available:
https://www.linkedin.com/pulse/entropy-generation-two-phase-vaporization-nikhilesh-
mukherjee. [Accessed: 12-03-2025].



https://www.repsol.com/en/energy-and-the-future/future-of-the-world/solar-thermal-energy/index.cshtml
https://www.repsol.com/en/energy-and-the-future/future-of-the-world/solar-thermal-energy/index.cshtml
https://acwapower.com/ar/projects/energy-types/about-photovoltaic-pv-power/
https://acwapower.com/ar/projects/energy-types/about-photovoltaic-pv-power/
https://www.oilgaswiki.com/2020/11/Steam-boilers.html
https://thermodyneboilers.com/steam-power-station/
https://academy.paulmueller.com/the-different-types-of-steam-in-industrial-steam-generation
https://academy.paulmueller.com/the-different-types-of-steam-in-industrial-steam-generation
https://www.thermopedia.com/content/756/
https://www.mechanicaltutorial.com/types-of-feed-water-heater
https://www.mechanicaltutorial.com/types-of-feed-water-heater
https://www.linkedin.com/pulse/entropy-generation-two-phase-vaporization-nikhilesh-mukherjee
https://www.linkedin.com/pulse/entropy-generation-two-phase-vaporization-nikhilesh-mukherjee

