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OBIPYHTYBAHHS HEOBXITHOCTI BOTHE3AXHUCTY
CTAJIEBUX KOHCTPYKIUIU ITIEPEKPUTTIB MAIIMHHUX 3AJIIB
EJJEKTPUUHUX CTAHIIINA

Poman BECEJIIBCBKUM
KaHIUIaT TEXHIYHUX HayK, JOLCHT, JOKTOPaHT I[OKTopaHTypH-a)l’IOHKTypH JIBBIBCBKOIO
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Mera pocaifKeHHsI: MOJENIOBaHHS MPOLECY Ta30BOT0 CEpeNOBHINA JJIsl BHU3HAUEHHS
3aJIe)KHOCTI TPUBAJIOCTI TOPIHHA BOJHIO 1 BUCOTH (pakesia MOIyM’s BiJl TEOMETPUYHOIO PO3Mipy
OTBOpPY BUTIKAaHHS BOJIHIO IIPU HOro BUKH/II 13 KOpIlyca TypOoreHepaTopa Ta BIUIMBY TeMIepaTypu
Ha cTajeBl KOHCTPYKIII{ MEPEKPUTTIB MAIIMHHUX 3aJ11B €JIEKTPUYHUX CTAHIIIH.

Metoau noc/igeHHs: aHAII3 IPUYUH BUHUKHEHHS aBapiil Ta MOXEX M1 4ac eKCIulyaTaril
BOJIHEBOI'0 YCTAaTKyBaHHs TypOOT€HEpaTopiB €NEeKTPOCTaHIiN, aHami3 Aii HeOe3neuHuXx (hakTopiB
MO>KJIMBHUX MOKEK Ha HECYUl KOHCTPYKLIi MAaIlIMHHUX 3aJ11B €JIEKTPUYHUX CTAHIIN Ta MOJIETIOBAHHS
MPOIIECiB BUKUAY BOJIHIO 13 KOpITyca TypOOreHeparopa 3 yTBOPEHHSIM FOpIOYHMX BOJHEBO-TIOBITPSHUX
cyMilel Ta (pakeIbHOTO TOPIHHS Ha MPUKIIAl MAIIMHHOTO 31y €JIEKTPOCTAHLII].

Pe3ysabTaTH: 1pU OLIHIOBAHHI MapaMeTpiB MOXKIMBOTO TOPIHHA BOJHIO Y BUIIAAL (hakena
MOJIyM’sl BCTAHOBJIEHO, 1110 HOro AOoBXWHA Oyne craHoBuTHu 12-23 M. [Ipu npomy crasnesi Hecyul
KOHCTPYKIIii MaIlIMHHOTO 3a1Ty, [0 Bi/IaJieHi BiJ] BOTHUIIA MTOKEX1 Ha BijicTaHi 0 23 M (KOHCTPYKITii
KPOKB, TIOKPUTTS MAIIMHHOTO 3ajJy a00 KOJIOHHW 3ajly) MPOTATOM 10 22 ¢ MOXYTh mepeOyBatu y
cepelIoBHII 3 TemmepaTyporo 6mmsbko 2000 ‘C, sika JOpiBHIOE TeMIepaTypi FOPiHHS BOJHIO Y
BIJIKpUTOMY TOBITpl. BUKOHaHUI po3paxyHOK CBIIYUTH MPO HEOOXITHICTH BOTHE3aXUCTYy HECYUHX
CTaJIeBUX KOHCTPYKIIH MAaIIMHHOTO 32y BOTHE3aXMCHUMH MaTepialaMu, Kl 3a0e3MeuyoTh Mexy
BOTHECTIHKOCTI HEe MEeHIIe 45 XBUJIMH 32 BYTJIEBOJTHEBOIO KPHUBOIO

TeopernyHa HiHHICTH A0CTIIZKeHHA: poOOTa y3arajJbHIOE pO3yMIHHS TEIJIOBOI i1 MOXKEX1 Ha
cTaneBi OyniBeNbHI KOHCTPYKIi BHAC/IJOK BUHUKHEHHS TOpPIHHS BOJHIO 3 YTBOPEHHSAM (axena
nosiyMm’st a0 yTBOPEHHSM BHOYXOHEOe3euHOi CyMillli, IKa 3T0JJOM MOXe BUOYXHYTH.

IIpakTnyHa UWiHHiCTH [JOCTIAKEHHHA: OTPUMAaHI JaHI MOXYTb OYTH BUKOPHCTaH1 st
pO3pOOKM peKkoMeHAalid Ta TEeXHIYHUX [apaMeTpiB BOTHE3aXUCTy CTalleBUX OyJIBETbHUX
KOHCTPYKIIH MaIlIMHHUX 3aJ1iB €JIEKTPUYHUX CTAHLIH MPH IX MPOEKTYyBaHHI.
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OpuriHaJbHICTh: JTOCTIDKCHHS TATBEP/KYIOTh, IO TOPIHHA BOJHIO y BUTIIANI (akerna
MOJIyM’sl BHACTIIOK TOLIKO/DKEHHSI TypOoreHepaTopa Oyze 3ajekaTH BiJ T€OMETPHUYHUX PO3MIpiB
OTBOpPY BHWTIKaHHs BOJIHIO, a HOro BHCOTa MOXe cTaHOBUTH 12-23 M. Ha ocHOBI oTpumaHuX
pe3yabTaTiB OOTPYHTOBAHO HEOOXIJHICTH BOTHE3aXUCTY CTAJEBUX OYIiBEIbHUX KOHCTPYKLIN
MalIMHHUX 3B €JIEKTPUYHUX CTaHIiH, OCKUIBKA BOHM OYyJyTh HarpiBaTHUCA 3a BYTJIEBOJIHEBOIO
KPHUBOIO, 1110 MPU3BE/E A0 3HAUHUX PYHHYBaHb B KOPOTKI IPOMIKKH 4acy.

KirouoBi ciioBa: BOruesaxucr, crajeBa KOHCTPYKIIiS, BOJI€Hb, BYIJIEBOJAHEBA KpUBA,
TypOOreneparop, MalllMHHUH 3aJl, TypOiHHE Maciio, BUOYX, TIOXkKexka, (pakel morym s.

JUSTIFICATION OF THE NEED FOR FIRE PROTECTION OF STEEL
STRUCTURES OF THE FLOORS OF ELECTRICAL MACHINE ROOMS
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Purpose: modeling of the gas environment process to determine the dependence of the
hydrogen combustion duration and flame height on the geometric size of the hydrogen outlet hole
when it is released from the turbine generator housing and the temperature effect on the steel
structures of the floors of the machine rooms of power plants.

Methods: analysis of the causes of accidents and fires in the operation of hydrogen equipment
of turbine generators of power plants, analysis of the impact of hazardous factors of possible fires on
the load-bearing structures of power plant engine rooms and modeling of hydrogen emission
processes from the turbine generator housing with the formation of combustible hydrogen-air
mixtures and flare combustion on the example of a power plant engine room.

Results: when assessing the parameters of possible hydrogen combustion in the form of a flame
plume, it was found that its length will be 12-23 m. At the same time, the steel bearing structures of
the engine room, which are located at a distance of up to 23 m from the fire (rafter structures, the roof
of the engine room or columns of the room), can be exposed to an environment with a temperature of
about 2000 °C, which is equal to the temperature of combustion of hydrogen in the open air for up to
22 seconds. The calculation shows that it is necessary to fireproof the load-bearing steel structures of
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the machine room with fireproof materials that provide a fire resistance limit of at least 45 minutes
according to the hydrocarbon curve.

Theoretical Value: the work summarizes the understanding of the thermal effect of fire on
steel building structures due to the occurrence of hydrogen combustion with the formation of a flame
plume or the formation of an explosive mixture that can subsequently explode.

Practical Value: The data obtained can be used to develop recommendations and technical
parameters for fire protection of steel building structures of power plant engine rooms when designing
them.

Originality: studies confirm that hydrogen combustion in the form of a flame plume due to
damage to the turbine generator will depend on the geometric dimensions of the hydrogen leakage hole
and its height can be 12-23 m. On the basis of the obtained results, the necessity of fire protection of
steel building structures of power plant engine rooms is substantiated, since they will be heated
according to the hydrocarbon curve, which will lead to significant destruction in a short period of time.

Keywords: fire protection, steel structure, hydrogen, hydrocarbon curve, turbine generator,
engine room, turbine oil, explosion, fire, flame plume.

Beryn. Po3BUTOK HayKOBO-TEXHIYHOrO Mpolecy, a oOcoO0JIMBO B Trajly3l €HEpreTUKU
CYIPOBOJUKYETBCS TOCTIHHUM BJOCKOHAJCHHSIM TEXHOJIOTIH OTpUMaHHS €JEeKTPOCHeprii Ta
MIJBUIICHHSIM MPOJYKTUBHOCTI aTOMHHMX Ta TEIUIOBUX eNekTpoctaHuid. I[lpu 30iibIieHH1
MOTYKHOCTI Ta KoedilieHTa KOpHUCHOI [ii EJeKTPUYHUX TEHEepaTOpiB BUHHUKAE HEOOXIIHICTh
BIOCKOHAJICHHSI CUCTEMH 1X oxonomkenHs [1-3].

Bimomo, mo ekcruryatamis TypOOTeHEpaTopiB aTOMHHMX Ta TEIUIOBHX EJIEKTPOCTAHIIIN
CYIIPOBOJUKYETbCS BUJUICHHSM TEIUIA, SIKE CIPUs€ HArPIBAHHIO CKJIAJOBMX YaCTHH IeHepaTropa Ta
MOJKE TPU3BECTH 110 aBapiiiHOoi cutyarnii. OCcKibKH TypOOTreHepaTOpH eKCILTYaTyIOThCS BIPOJIOBK
TPUBAJIOrO yacy, TO Mpolec Oe3nepepBHOIO OXOJO/PKEHHs O0JaJHAaHHS IeHepaTopa y IbOMY
BUMAJIKY BIJirpa€ BaXJIMBY POJIb, OCKUIBKH HOTO TEperpiBaHHA MOXKE MPU3BECTH JIO aBapiiiHUX
JAHLIOTOBUX peaklii, Mmokexx, BUOyXiB Towo. TemnepaTypHHil BIUIMB Ta TEIUIOBUH MOTIK
CTIPUYMHEHHH MOKEKEI0 BHACIIIOK aBapiifHOT CUTYaIlii MOKe MPU3BECTU 0 PYHHYBaHHS CTaJIeBUX
HECYYMX KOHCTPYKI[iil B KOPOTKI MPOMIXKKH Yacy.

CporogHi B SIKOCTI OXOJIOJKYyBaua TEHEpPaTOpiB BHKOPUCTOBYIOTH: IIOBITpPS, BOJIEHb,
JMCTUIIbOBAHY BOJIY, Macio [4, 5], Kl IUPKYJIIOIOTh MO OXOJOKYyBaJbHUX KaHaJlaX Ta BiABOIATH
TEIUIO BiJ HArpiTHX €JIEMEHTIB.

B cyuacHux TypOoreHepaTopax 3aCTOCOBYIOTh I'a30110/1I0HUI BOJIEHb B SIKOCTI 0XOJIO/IXKYBaya,
o0 3yMOBJEHE MOTr0 BHCOKOK  TEIUIOMPOBIMHICTIO 1  TEIUIOEMHICTIO.  OXOJI0IKEeHHS
TypOOreHepaTopiB BoJiHEM € OUIbII €(PEKTUBHUM, MOPIBHSHO 3 MOBITPIHUM, OCKUJIBKU KOE(]ILi€HT
Teruionepeiadi BOAHIO, IOPIBHSAHO 3 MOBITPSM, € y 1,5 pa3a OUIbIINM, a TEIUIONPOBIIHICT — Y 7 pa3iB
BUIIA. 3aCTOCYBaHHsS BOJHIO B CHUCTEMI OXOJIOJUKEHHS OOMOTOK TypOoreHepartopa, MOpIBHSHO 3
MOBITPSIM, HE TIPU3BOJUTH /10 OKUCIEHHS 130JIA111{ €1eKTPUUHUX NTPOBOIIB [6].

[Torpu mepeBaru mpu OXOJIOKEHHI CII/1 3BEPHYTH yBary Ha HEJOJIKH 3aCTOCYBAaHHS BOJHIO.
Tak, 3Bakaroun Ha AOCHKeHHS [7-10], mpW KOHTaKTI BOJHIO 3 METAJICBUMHU €JIEMEHTaMU
Typboreneparopa (MiAMIMITHUKY, JETajdl pPOTOpa) BiH MOXKE CIPHUATH KOpO3ill Ta MOAAIBIIOMY
pYHHYBaHHIO MeTally, YAM MOTIPIIyE EKCIUTyaTalliifHi BIACTUBOCTI LUX €JIEeMEHTIB. MOXIINBICTh
NPOHUKHEHHS Ta30MOJiOHOr0 BOJHIO uepe3 IOPHUCTI YIIUIbHIOIUl MaTepiand 1 HalMeHIIl
HEIIUIFHOCTI y KOpITycl TypOoreHeparopa Ta TpyOOmpoBOAaxX 3yMOBIIEHA HOTO (hi3HKO-XIMIYHUMHU
BJIacTUBOCTSAMU [11], a BUTIKaHHS BOJHIO 3 KOpPITyCy TypOOreHeparopa JI0CTaTHbO Ba)KKO BHUSIBUTH
Bke Ha Biacrani 0,25-0,3 M Big Mmicus ioro BUTOKY. Tomy y TypOoreHeparopiB 3 BOJIHEBUM
OXOJIO/DKEHHSIM HEOOXIHO 3a0e3MEeUnuTH BUCOKY TIa30LIUIbHICTE OOMOTOK CTaTropa i poTopa,
ra300X0JIO)KYBayiB, JIFOKIB 1 3HIMHUX TOplieBuX muTiB [12, 13].

Takoxx OgHUM 13 OCHOBHUX HEJOJIKIB BOJHEBOTO OXOJO/DKEHHS TypOOreHepaTopiB Ta
BUKOPHCTaHHS BOJHIO Yy TEXHOJOTIYHHMX IIPOIecax eIeKTPHYHUX CTaHIi € WOro 3MaTHICTh
YTBOPIOBAaTH 3 TOBITPSM Ta Mapamu Macyia BuOyxoHeOesmneuHi cymimi [14-16]. MoxauBi BUTOKH
BOJIHIO y MPOLECI eKCIUTyaTallli TEXHIYHUX arperaTiB MOXKYyTh NPU3BECTU JI0 YTBOPEHHS TOPHOYOi
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JIOIIUThHE 3aCTOCYBaHHS TEIIO3aXUCHUX €KPaHIB I PO3CIFOBaHHS Terula (pakeny 3 METOI 3aXUCTy
HECYYMX CTaJIEBUX KOHCTPYKIIIH.

BucHoBku

Y po0OOTi BUKOHAHO aHaI3 MPUYMH BUHUKHEHHS aBapiMHMX CHUTYyaIlld Ta MOXEX IPH
eKCIUTyaTalii BOJHEBOTO YCTAaTKyBaHHS TypOOTreHepaTOpiB eleKTpocTaHIlii. BcTanomneno, 1o
Jito4i HOPMHU Ta MpOQIIaKTUYHI 3aX0JW CIPSMOBaHI Ha MIIBUINEHHS PIBHS IMOXKEKHOI Oe3meKu
TypOOreHepaTopiB MpH eKCIUTyaTallil MallMHHUX 3aJ1iB €JIeKTPOCTAHIIIH.

OOrpyHTOBaHO TIOKEXKHY HeOe3NmeKy NpH eKCIUTyartalii TEeXHOJIOTIYHOro 00JiaHaHHS
TypOIHHUX YCTaHOBOK 3 BpaXyBaHHSIM MOKJIMBOCTI BUOYXiB BOJAHEBO-TIOBITPSHUX CyMilIei. AHai3
aBapiil MoKasas, 110 3JJaTHICTh BOJHIO YTBOPIOBATH 3 MOBITPSM Ta IIapaMH Maciia BHOyXxoHeOe3neuHi
CyMIIIIl MO>KE TIOBHICTIO BUBECTH €HEProOJIOK 3 MPOMHUCIOBOI €KCILTyaTalii i IPU3BECTH 10 3HAYHUX
MaTepiajlbHUX BTPAT Ta TPaBMyBaHHS 00CIyrOBYyIOYOIo IEPCOHANY. Y TBOPEHE BOTHUILE OXKEXI Ha
AinsHII 00cayroByBaHHA TypOiHM 1 TypOoreHepaTopa CTaHOBHTHME HEOE3MEKy SIK JUIS CTaJeBHX
KPOKBSIHMX ()epM NEpeKpUTTS IMOKPIBJI, TaK 1 AJS CTAJIEBUX KOJOH MalIMHHOro 3any. Ilpu
MOIITKOKEHHI CTAJIEBUX KPOKBSHUX (DepM MEPEKPUTTS OKPIBIIi 1 KOJIOH MAIIMHHOTO 3aJTy BHACIIIOK
BILJIUBY MOEKI MOKIIMBE OOBaJICHHS LILJI01 MOKPiBJIl MAIIUHHOTO 3aITy.

VY po0oTi BUKOHAHO MOJENIOBAHHS NPOIECY TOPIHHS BOJAHIO IPU HOTO BHKHUJI i3 KOpITyca
Typboreseparopa Ha MNpUKIaAl MAaIIMHHOrO 3aly enekTpocranuii. IlpoBeneHi gocmiKeHHs
MOKa3aJiv, 110 HalO1IbIIIa TPUBAJIICT TOPIHHS BOAHIO Oy/ie BiOYBaTHCh NPH HOTO BUTIKaHHI Yepes
otBOpH 3 reomeTpudHuM posmipom do B meskax 0,05-0,1 m (50-100 mm). Tpu OiibIIux 3HAYECHHSIX
r€OMETPUYHOr0 po3Mmipy oTBopy Co > 0,1 M TpHUBaJIiCTh TOpPIHHS BOAHIO € HE3HAYHOK, a IpHU
3HaueHHsX o < 0,005 M — noBxuHa (akena moaym’st Ly He nepesumrye 1,15 m.

PesynbraTi TpoBENEHHMX JOCHTIKEHb MIATBEPKYIOTh, IO BHACTIIOK MOIIKOKCHHS
TypOoreneparopa MOXKJIMBE TOPIHHS BOJHIO Yy BUIIIAAL (akesa noiayMm’st. [Ipu npomy Horo J0BKUHA
Oyze 3ay1e)XaTu BiJl FTEOMETPUYHUX PO3MIpiB OTBOPY BHUTIKaHHS BOJHIO 1 MOXE CTAaHOBUTH 12-23 M.
ByniBenbH1 KOHCTPYKLII MalIMHHOIO 3ajly, 10 HNOTPAIUIIOTh Y 30HY il (hakena moiayM’ s, MOXKYTh
Harpisatucs 10 Temneparypu 2000 “C Ta pyiiHyBaTHCS NPOTATOM HEBEIMKOTO IPOMIKKY 4acy.

BukoHaHMif po3paxyHOK CBIIYMTH NP0 HEOOXiAHICTh BOTHE3aXUCTYy HECYYHMX CTalleBUX
KOHCTPYKLIA MaIIMHHOTO 3aily JUIsl 3a0€3Me4YeHHs MEK1 BOTHECTIMKOCTI He MeHIIe 45 XBUWIMH 3a
BYTJIEBOJAHEBOIO KPHUBOIO.
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