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Introduction

Intentionally to preserve the environment from the danger of global warming and with a purpose
to comply with the future vision of reducing carbon emissions, most countries focus on switching to
advanced technology such as wind energy, solar energy, and thermonuclear reactors or fourth gener-
ation fast nuclear reactors, and based on the available resources for each country.

And according to the permanent need for energy in Egypt and in line with Egypt's sustainable
development strategy in Egypt Vision 2030, therefore there is a pressing demand for clean energy
instead of using fossil fuels, and in order to avoid an increase in carbon emissions. So, in our provided
project is an Egyptian NPP power unit for a modern industrial region with a saturated steam condens-
ing turbine with an electric capacity that supports the region, and constitutes total dependence on it,
meeting modern requirements of efficiency, reliability and safety.

In the construction of the NPP, during which steam turbines are used with wet steam, and as
one of the obstacles facing the designers of these turbines is the compatibility between obtaining high
efficiencies that ensure maximum utilization ofthe potential energy of the steam, and obtaining very
low humidity degrees that guarantee safe performance and preserve the working metal structure.

This problem will become evident by comparing several designs in order to achieve what we
mentioned above.

The city of construction of the NPP

The city of the NPP building will be in Egypt in the yellow area The Golden Triangle (figure 1)
of the map, the city of construction is EI-QUSSIER City specifically between the two cities of El-
QUSSIER and SAFAGA, as it will be located directly on the Red Sea [1].

Fig. 1 Location of Golden Triangle region and NPP [1]

The economic features and characteristics of the region (The Golden Triangle):

- The Golden Triangle is a modern area under construction located in the Eastern Desert on
an area of 2,2 million feddans (9500 million square meters) between the governorates of
Qena, Safaga, and Qussier.

- Itincludes industrial, mining, tourism, agricultural and commercial areas. As the region is
concerned with mineral and quarry resources such as gold, basalt, white sand, limestone and
phosphate rocks.
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- The area contains many elements of tourism, such as the extended sea beaches, and archae-
ological sites.
- The goal ofthe project (Golden Triangle) is to direct part ofthe population to live in the new
area instead of the Nile Valley, and it is expected to accommodate about 2 million people.
- In addition, The City of Qussier was one of the cities nominated to build a nuclear power
plant in the past, but the problem was that the electricity network is located 500 km away,
but now there is a project of the Golden Triangle that will consume that electricity [2].
Construction of NPP
According to the requirements of the NPP’s location, and based on the average sea water tem-
perature, which is 25,6 oC [3]. So, during this project, and according to our desire to achieve the
highest efficiency based on the NPP's location, so we have calculated several different designs, they
show in (table 1). With unified initial data for all scheme design, which an initial steam pressure of
po =6.5MPa was used, and initial steam quality x=1.

Table 1. Thermal Efficiencies of NPP

Scheme design Typeof Oylinders ~ Gakg/s  Ggkals  npp% YT LT

1 Separator+2Reheat- 08
ers+Separator HPTHPTHLPT 9%0 B4 087 0% 09
2. Separator+2Reheaters HPT HPT 88 oA A1 087 - 0,86
3. Separator + Separator HPTHPT+LPT 974 939 323 087 08 090

Through a comparison between them in some parameters, it became clear that the first design ( . Sep-
arator+2Reheaters+Separator) was chosen as the best, in order to achieve the most suitable efficiency
with an optimal steam quality, and its design is shown in (figure 2).

Design of turbines

Design of the high-pressure turbine (figure 3a), the pressure inlet after a little loss in throttle
valve, was a po = 6,3 MPa, with one direction-flow rate, and five stages, and relative error between
first and last heat drop 5~ 0 %, which creates a smoothness in the design, and the critical frequency
ncr =9805 rpm, which keeps the turbine balanced at high speeds.

Design ofthe intermediate-pressure turbine (figure 3b), the pressure inlet po = 1,147 MPa, one
direction-flow rate, and four stages, relative error between first and last heat drop 5~ 0,31 %, and the
critical frequency ncr = 8802 rpm, similarly it achieves the condition of frequency.

The efficiency of converting thermal energy into kinetic energy in the nozzles are pn = 96 %,
and in the blade is ms = 81 %, and average efficiency for one stage for stator and blade are 93 %.
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Design low-pressure turbine (figure 4), the pressure inlet po = 0,07962 MPa, with a two direc-
tion-flow, three stages, relative error between first and last heat drop 5 ~ 0,52 %, and the critical
frequency ncr = 9915 rpm, here it is enough also to keeps the turbine balanced at very high speeds at
low pressure, and as a comparing the number of flows for Titanium Material Niitanium =6 Flows, with
the number of flows for Steel Material Nsteel = 8 Flows. So, Titanium material has been selected, for
the better performance with convergence of costs.

Table 2. Indicators of NPP's parameters

Name: Equation Value
Thermal loading of a steam generating unit Qg MW 1667,0
Thermal loading of turbine Qr,MW 16590
Turbine Plant efficiency Ne 36,2

ntu- * %
Efficiency of pipelines connecting between 95
the SGs and the Turbines npp2=0;G.%
Efficiency of a steam generating unit rg:U n Rjonpp]_ "G % 975
The specific flow rate of nuclear fuel (natural bn 000 X MWAR
uranium) requires at nuclear power plants nf '2'4'13‘},'&[5 """" ’% 0,0339
Specific flow rate of degraded fuel for the 0.0537
electrical supply at nuclear power plants N - nhb -SIMW <h 0,161
(block)
Conclusion

During this project, and in order to reach the optimal values in relation to the construction site
ofthe nuclear plant, and after comparing a number of different designs that were compared, the design
mentioned above was chosen (1. Separator+2Reheaters+Separator), which contain three Cylinder:
High, Intermediate and Low-pressure.
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The design has achieved the efficiency for NPP Net nupp = 33,4 %, and Turbine Plant efficiency
Ntu = 36,2%, bearing in mind that the design is distinguished high final steam quality for all cycles
of HPC, IPC and LPC, 87 %, 95 % and 91 % respectively, these humidity values give ample oppor-
tunity for the turbines to operate at minimal erosion, which ensures structural stability within the safe
range, and thus reducing design, operating and repair costs.

In addition, according to statistics, a nuclear power plant with a capacity of 600 MW, prevents
the release of 4,80 tons of carbon dioxide annually from a coal-fired plant of the same capacity, and
prevents the release of 240 tons of carbon dioxide annually from a natural gas plant [4].

Eventually, the results obtained are competitive results, competing and more than with already
existing nuclear plants, as it gives compatibility between high efficiencies and the required steam
quality.
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BJIUSAHUE 3AKOHA 3AKPYTKH JIOMATKH I'A30BOI TYPBUHBI,
3AKPYUEHHOI1 11O 3AKOHY IIOCTOSHCTBA ITUPKYJIAIINAH,
HA HAITPA’KEHHO-AE®OPMHUPYEMOE COCTOAHHUE

A.C. PomanoB, M. A. Jlanres, B.B. bapckos
Caskr-IleTepOyprekuii MOIMTEXHUYECKHH YHUBEPCUTET
U3, BIISM, rpynma 3231303/90301

YBenudeHne MOIIHOCTH U YCIIOKHEHHE KOHCTPYKIHMU TyPOOMAIIHMH COMPOBOXKAAETCS TTOBbI-
IIeHueM TpeOOBaHUH K MX HanekHOCTU. [loBbIeHne pecypca TypOOMAIINH TaKXKe SBISIETCS OJHON
U3 OCHOBHBIX 3aja4 yJIydlIeHus: kauectsa. [lockonpky pabodas onaTka TypOHHBI SIBJISIETCS] BBICO-
KOHArpy>K€HHBIM 3JIEMEHTOM JII000H TypOOMAIIMHBI, TO K HEW NPEABSABISIFOTCS BBICOKHE HKCILTyaTa-
LIUOHHBIE TPeOOBaHMS, BEIPAXKEHHBIE B HAIEXKHOCTH U JOJIrOBEYHOCTH JAHHOTO 3ieMeHTa. Ha skc-
IUTyaTal[MOHHBIE KauecTBa paboduell JIOMAaTKN CKa3bIBAETCs OOJIBIIOE KOJNNYECTBO (haKTOPOB, OMHUM
13 KOTOPBIX SIBJIETCS €€ 3aKpyTka. Takum oOpa3oM, elb TEKYLIEro UCCIENOBAHNUS 3aKII0YAETCs B
OTIPeNeNICHUH BIUSHUS 3aKPYTKH JIOTIATKH Ta30BON TYpOWHBI, 3aKpyYEHHOH 110 3aKOHY MOCTOSTHCTBA
LUPKYJISLAH.

C nomomeio BHyTpeHHuX naketoB ANSYS Static Structural u CFX 6bu1 npousseneH comnpsi-
JKEHHBIN aHaJIN3 HaIpspkeHHO-nedopmupoanHoro cocrostaus (H/IC) nonarku, nocTpoeHHoH 1o 3a-
KOHY moctosiHcTBa Lupkyssinny. Ctarndecknii ananu3 HJIC cocTont n3 Harpy3ok, BOSHUKAKOIIUX B
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