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Determination of the diameter of the main steam pipelines of the supply
pipelines of the Heat electric generation with a capacity of 325 MW

Due to the high pace of industrialization of the Republic of Kazakhstan, the electric power industry is becom-
ing one of the priorities in our country. To increase the volume of electricity, the power industry is being re-
equipped with an increase in the technical and economic level of electricity production. In this light, the re-
equipment of the Electric central heat looks the most promising. Leads to the effective production of not only
electricity, but also thermal energy. The main indicator of the economical operation of a thermal power plant
is the specific consumption of thermal energy for the generation and release of a unit of electrical energy.
The article provides calculations of the diameter of the main steam pipelines of the supply pipelines of the
Electric central heat with the capacity of 325 MW. Data on the choice of steam generators and turbines (drum
with natural circulation and without reheat) are given. The authors proposed a block diagram with the same
type of steam generators using a common station steam main. In order to use the redundant production selec-
tion at the Electric central heat, a sectional layout of the main steam pipelines is selected in connection with
the fact that it is a more universal and reliable scheme. The authors make an initial calculation of the internal
diameter associated with the water speed, which is compared with the recommended values. The diameter
of the line from the deaerator to the collector of the pump of the electric pump is determined.

Keywords: heat power engineering, CHPP, heat electric generation, steam line, pipeline.

The electricity industry is one of the priorities in the state policy of Kazakhstan. In order to ensure
the growth of power consumption, energy security and reliability of the operation of thermal power plants,
a plan of measures for the development of the electric power industry of the Republic of Kazakhstan has
been developed [1].

The technical re-equipment of the energy industry includes a set of measures to increase the technical
and economic level of certain processes for the production of electric and thermal energy at thermal power
plants on the basis of the introduction of advanced technology and technology to raise the level of mechani-
zation to automate the process as a whole, to replace obsolete and physically worn out equipment with more
productive, and to improve the organizational structure and management services of enterprises. The main
objective of technical re-equipment is to increase the efficiency of production and reduce the specific operat-
ing costs for the generation of a unit of electric and thermal energy.

The main indicator of the economical operation of a thermal power plant is the specific consumption
of thermal energy for the generation and release of a unit of electrical energy. In modern high-power thermal
power plants, steam turbines are used to convert the heat of organic fuel to the mechanical operation of the
turbine generator rotation, which are the main units whose technical qualities determine the most important
features and technical and economic indicators of thermal power plants.
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The aim of the work is to determine the diameter of the main steam lines of the supply pipelines of the
Heat electric generation with the capacity of 325 MW.

When selecting steam generators, it was stated that a block diagram of the main steam pipeline is possi-
ble at the CHP (central heat power), but for redundant production selection, since the steam load predomi-
nates at the CHP, a sectional layout of the main steam pipelines is selected, which is more reliable than the
centralized scheme of the main steam pipelines, and the sectional scheme allows to work and by block,
and by a centralized scheme. The sectional diagram is a universal type

The main steam pipelines of Heat power station are: pipelines of fresh steam from generators to tur-
bines; a pair of intermediate overheating («cold» and «hot lines»); The supply lines to the Reduction cooling
plant (next - RCP) and High-speed reduction cooling plant (next - HRCP). The turbines installed at the sta-
tion operate without reheating, and the HRCPs are not installed. The calculation will be carried out to deter-
mine the diameter of the steam pipelines from the boiler to the tapping to the switching line to the turbine,
the supply lines to the RCP, the diameter of the switching line; the bends to it have the same diameter as it.

All steam pipelines (main) are made of steel of the same brand 12H1MFu.

Calculation initially determines the calculated internal diameter according to the adopted steam veloci-
ty, and then the speed of the steam is determined for the selected commercially available pipelines and com-
pared with the recommended values.

Determine the diameter of the steam pipe from the boiler to the tap of the switching line [2].

* *
D, = fﬂ =0,2774m =2717,6,
IT*c

where D — Boiler productivity is 139 kg / s; C — Speed of steam 50 m / s; 3 -Specific volume of steam is
determined by the average pressure in the steam pipe according to the tables of water and steam.
_p.+tp, 13,8+133
Py =Tt =
where p, . — Steam pressure behind the first boiler latch 13.8 MPa; p

=13,55MPa,

— Steam pressure in the switching

line is assumed to be 13.3 MPa.
Consequently 9 =0.0262 m’/kg:

% *
p = [AE116%0.0262 0t 2776 mm.
r 3.14*50

According to the tables of high-pressure steam pipes, we choose a 325x38 steam pipe with an internal
diameter of 249 mm.

Let's determine the speed of steam in the steam pipe from the boiler to the tapping of the switching line.

% % % %
CK=4 D*8 _ 4*116*0,262 —62.4mls.
I1*D;  3,14*0,062001

Value obtained in the calculation corresponds to the normal requirements.

From the condition that it is advisable to install the entire steam pipe (except steam supply to the RCP)
of the same diameter (325x38), we will determine. The speed of steam in the switching line with its capacity
equal to that of a single boiler:

_4*D*9
C [I*D?

6

Cun =54.6 m/s,

where 3 — Specific volume of steam in the switching line at p = 13,3 MPa.
9=0,027 m’/kg.
4*130,5*0,027
Cou — =54.6 m/s.
3,14*0,282

The speed of steam in the switching line is in line with the recommendations. The speed of the steam
from the tapping of the trunk line to the turbine:
4*D,* 8

I1* D}

where 9 — Specific volume of steam in the steam line to the turbine at medium pressure.

c. = =544,
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e pm,ﬂ,; Py 133 +212,75 13 MPa

9 =0,0269 m’/kg.

* *
o, = 37130.570.0269 _ o) e

3.14*0.82369
The speed of steam in the steam pipe to the turbine is in line with the recommendations. Determination
of the diameter of the steam pipe to the RCP [3]:

* *

D,, *3
P ——— 0,1256m =125,8 mm

poy
¢
where D, — Capacity of the RCP 150 t/h 41.667 kg/s; C = 90 m/s — speed of steam from the switching
line to the RCPinstallation; 9 = 0.0269 m’/kg — specific volume of steam.
~ \/4*41.667 *0.0269
poy

3.14*90

According to the tables of high-pressure steam pipes, we choose a steam pipe 194x23 with an internal
diameter of 148 mm.

Let's determine the speed of steam in the steam line from the switching line through the RCP.

% % % %
= 4*D 282 4*41.667*0.0269 6526 m/s.
I1*D, 3.14%0.21904
The value obtained in the calculation C,., satisfies the requirements.

Feeding lines are the lines from deaerators to feed pumps, collectors of the pump and pressure of feed
pumps of the high-pressure heater line and cold risers to economizers for boilers, a collector of hot power
for steam generators [4].

At the Heat electric generation, a sectional diagram of feeding pipelines is applied. Initially, we deter-
mine the calculated internal diameter by the accepted water velocity, and then, using the selected water con-
duit, determine the water velocity and compare it with the recommended values.

Determine the diameter of the line from the deaerator to the collector of the Heating pump with electric
drivepump, the line productivity is equal to the capacity of the deaerator.

* 3k
D, =, /w =0,423.u,
IT*c

where G, =138,8 — Kg /s — the capacity of the deaerator; 9 = 0,001112 m’/kg is the specific volume of
water; ¢ = 1,1 m/s — water velocity.

=0.1256m =125,8 mm.

% %

D - 4%*138,89%0,001112 0,423 = 423 mm
i 3,14*1,1

According to the tables of welded pipes, we choose the conduit with a nominal pass of 450 mm with
nominal dimensions of 478x7 (464 mm). Determine the speed of water movement:

% % k %
Co 4*D 28: 4*138,89 0,0021112 0,91 m/s.
I1*D; 3,14*0,464

The received speed of movement of water corresponds to recommendations.

We determine the diameter of the pump intake collector pump with the electric drive and the supply
from the manifold to the pumps, with the water flow in them equal to the pump capacity:
4*G,  *9

C

D= =0,455m,

where G,,, = 580 t/h — Capacity of the feed pump.

% %
D= 1/w =0,455m = 455 mm.
IT*c

It will be advisable to take the collector of the pump pump with the electric drive and the lines from
the deaerator of one diameter 478x77. Let's define speed in a collector:
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Co 4 G 9 _4*16111%0.001112
I1* p; 3.14%0,464°

Determine the diameter of the head collector of the feed pump with the electric drive and the connec-
tions to it from the pumps at the rated output of the feed pump with electric drive.

ES *
D= Y 0™ 6 74,
\" 17*C

where C = 3 m/s — speed of water movement;
9=0.0011 kg

\/4*161.11*0.0011

3.14*3

According to the tables of high-pressure feed pipes, we choose a conduit with a nominal diameter
of 300 mm with nominal dimensions of 377x32 (313 mm).

Determine the speed of water movement.

Co 4*G,, *9 4*161,11*0.0011
I1* D} 3.14%0,313°
The speed calculated in the calculation corresponds to the recommendations.

In addition to the high-pressure turbine heater, it is advisable to accept the line diameter as well as
for the head of the feed pump with electric drive (377x32). Speed, specific volume and their number corre-
spond to the lines from the feed pumps to the pressure collector of the feed pump with the electric drive.

The lines of the turbine high-pressure heater must be calculated for a capacity equal to the maximum
steam flow rate to the turbine plus a reserve of 5% (consumption for turbine seals, boiler blowing).

G,,=G,*1.05=470*1.05=493.5=137 kg/s.

It is advisable to install a line of a high-pressure heater of the same diameter both before and after it and

in the calculation take the average value of the specific volume of water [5].

=1,06

=0,274m =274 mm

=2.3m/s

g
9. =M:0,001165 m¥/kg,
where 9., =0,0011m’kg — Specific volume of water on the feed pump with electric drive.

Greo = 0.00123 m’/kg — Specific volume of water in a high-pressure heater
_0.0011+0.00123
cp 2
Then the diameter of the high preheater heater will be:
4*G,,*9,  |4*137*0,001165
nm*c 3,14%*3
According to the tables of high-pressure feed pipes, we choose a conduit with a conditional pass of 250 mm
with nominal dimensions of 325x28 (269) mm.

Let's determine the speed of water movement in the heater's high-pressure line:
4*G, . *9

=0,001165 m’/kg

=0,26m =260 mm.

C,pp = ——20 = =2 8m/s
1% D
% %
e 4*137 0,0012165 2 8ms.
3,14*0,269

The calculated speed of water flow in the line of the high-pressure heater corresponds to the recom-
mendations.

Determine the diameter of the collector of hot supply of boilers and the line from it to the boilers at the
maximum flow of feed water:

* * Q' * *
D, - /4 G,.,*9,., _ 4*140,3 0,00123:0’271]‘42271“][l
n*C 3,14*3

Cepusa «dusmka». Ne 3(87)/2017 57




V.S. Kotlyarov, B.R. Nussupbekov et al

According to the tables of high-pressure feed pipes, we choose the conduit with a conditional pass
of 300 mm with nominal dimensions of 377x32.
Determine the speed of movement of water:

C - 4*G,,*9,, 4%140,3*0,00123
‘ n*c 3,14%0,313
The speed of water flow calculated in the calculation corresponds to the recommendations.

In accordance with the recommendations for deaerators of the DP-500M-2 type, pipes with the nominal
diameter of 300 mm are accepted as the steam and water equalizing pipes.

=2,24 m/s.
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KyarTbliabirbl 325 MBT K90 HapJsieHAipy KyObIpJIapbIHbIH
0acThl OyKYOBIpJIapbl AMAMETPiH AaHBIKTAyY

Kasakcran PecryOnuKachbIHIAFbl — KOFapbl — HHAYCTPHSUIAHIBIPY — KAapKbIHBIHA  OQWJIaHBICTBI  AICKTP
JHEPIreTHUKACHIHBIH Ccajlachl eliMi3zieri OackiM OarbITTapAblH Oipi OOJBIT OTHIP. DJEKTP SHEPTUSICHIHBIH
KOJEMICPIH YJIFAWTy YIIiH 2JIEKTp SHEPTUsChl OHIIPICIHIH TEXHHKAJbIK-DKOHOMHKAIBIK NEHIeHiH KeTepy
ApKBUTBI SHEPreTHKa CalachlH KaiTa jXapaKTaHABIPY Kypri3imm skatslp. Ocbran Oaitmansictsl XKOO Kaiita
JKaOpIKTay OapBIHIIIA MEPCIEKTHBTI OONBII TaOBLIA/ABI, cebebl TeK PIEKTp PHEprHsICHIH FaHa eMec, COHak-aK
JKBUTY DHEPrHSACHIH Ja THIMII eHmipyre okeneni. JKbUTy SJIEKTp CTaHIMSCHIHBIH JKbUTY YHEMAUTITiHIH Herisri
KOPCETKIIli — JJIEKTp SHEPTUSCHIHBIH OipJiriH eHAipyre XkoHe OocaTyra XXbUIy SHEPTUSACHIHBIH YIECTIK
IIBFBIHBL Makanana KyarTsulbiFsl 325 MBT KOO noprnenzmipy KyObIp >KONIaphIHEIH O6ac OyKyObIpiaps
JIMaMETpiHIH ecenTepi KenTipinreH. ByreHeparopiapsl MeH TypOHHAIapblH TaHIay OOMBIHIIA JepeKTep
KenTipinreH (TabufyM aWHAIBIMIBI JKOHE OHEPKACINTIK KBI3BI KeTycid OapabaHIpl). ABTOpIap SKajllbl
CTaHIWSUTBIK Oy MarucTpalliH MaimanaHy apKbeUIbl Oip yiariii OyreHepaTopiiapbl MeH OJOK-CYI0aChIH YCHIH/IBL.
OHpipicTik KOpp! ipikTeyi naiiaanany makcarbiaaa XK90-1a Herisri OyKyObIpIapbIHbIH CEKIMSIIBIK CYI0achl
TaHmananpl, cebebi on OappHIIAa omOeOam koHE ceHiMAl OoMbIn TaObuTafgbl. ABTOpJIAPMEH YCHIHBUFaH
MOH/ICPMEH CaJIBICTHIPBUIATHIH CYIBIH SKBULNAMIBIFBIMEH OaiIaHBICTBI IIIKI AWaMeTpAiH Oacramksl ecebi
xacanrad. Conpaii-ak neadparopaad KOC copy KoyuieKTopbIHa JeiiH KeniHiH AnaMeTpi aHbIKTaFaH.

Kinm ce30ep: xwbunysnepreruka, K20, xKbuTy 3MeKTPOPTANBIFEL, Oy KYOBIpbI, KYObIp, OyreHeparopiap.
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Onpenesienne THaMeTpPa rJaBHBIX NAPOMPOBOIOB MUTATEIbHBIX
TpyoonpoBoaoB TIL| momuocThI0 325 MBT

B cBs3u ¢ BBICOKUMU TeMIaMu HHAycTpranu3anuu Pecry6muku KasaxcraH 37eKTposHepreTHIecKasi oTpacilb
CTAQHOBHUTCS OZHOM M3 NPUOPUTETHBIX B Hamel crpane. /s yBeIMUeHUs 00BEMOB 3JIEKTPOIHEPTUH TIPOHC-
XOJHUT MEPEBOOPYKEHNE SHEPTETUUECKOH OTPACIU C yBENHUEHUEM TEXHUKO-3KOHOMHUYECKOTO YPOBHS MPO-
H3BOJICTBA JIEKTPOdHeprun. B sToM cBete mepeocHamenue TOL] BRITsIUT Hanboiee MepCIeKTHBHBIM, TaK
KaK BeZleT K (p(heKTHBHOMY IPOU3BOACTBY HE TONBKO 3JIEKTPO-, HO M TEIUIOBOM SHepruH. [ IaBHBIM MOKa3a-
TeNleM 3KOHOMHYHOCTH PabOTHI TEIUIOBOH AJIEKTPOCTAHINH SBIISIETCS yACTBHBIN Pacxo]] TEIIOBOIH SHEPrun
Ha BBIPAOOTKY M OTITYCK €IMHUIIBI JIEKTPUUECKOH SHEeprur. B cTaThe MpUBOAATCS pacdeTsl AUaMeTpa IJaB-
HBIX apPOIPOBOJIOB MMUTATEIBHBIX TpyOonpoBoxoB TOL] MomHocTsio 325 MBT. [IpuBoasTCs naHHEIE 1O BHI-
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6opy maporeHepaTtopoB U TypOuH (OapabaHHbBIE C €CTECTBEHHOW LUPKYJIALUEH U 6e3 mpomreperpesa). AB-
TOopamu OblIa HpeaIoKeHa OJI04YHAs cXeMa ¢ OAHOTUIIHBIMH MAapOTeHEepaTOpaMH C MCIOJIb30BaHHEM OOlLIe-
CTaHIIMOHHOH mapoBoii Maructpany. C LEbI0 HCIOIb30BaHUS PE3ECPBUPOBAHHOTO MPOM3BOICTBEHHOTO OT-
6opa Ha TOL] BeIOMpaeTCsS CEKIMOHHAS CXeMa TJIaBHBIX IapOIPOBOIOB B CBSA3U C TEM, UTO OHA SIBIISIETCS 60-
Jiee YHUBEPCAIBHON U HaJeKHOH. ABTOpPaMH IIPOM3BOJUTCS IIEPBOHAYAIBHBIN pacdeT BHYTPEHHETO AUaMeT-
pa, CBSI3aHHOTO CO CKOPOCTBIO BOMBI, KOTOPHII CPAaBHUBACTCS ¢ PEKOMEHyeMbIMH 3HaueHHsIMH. OnperencH
JIUaMeTp JIMHUH OT Jiea’paTopa K Koyuiekropy Bcoca [I1DHa.

Kniouesvie cnosa: temnosHepretuka, TOLl, TEMIOANEKTPOLEHTpanb, MapoIpoBOi, TPyOOHPOBOL,
aporeHepaTop.
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