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[TpencrapieHi pe3yabraTy KOMI 1OTEp-
HOTO MOJICIIOBAHHS CITaJIIOBaHHS T'a30BOrO
yrimsa B korm TIIT 312 JATEK Jlamu-
skuacbka TEC. JlocmimKeHO BIUTUB 3aBHX-
PEHHS TIOTOKY IIEPBUHHOTO ITOBITPS HA TIPO-
1IleC YTBOPEHHS OKCHIIB a30Ty. Pesynmeratu
MPOBEICHOTO JIOCII/HKECHHS MMOKAa3aH, 10
3aBHXPEHHS [IEPBUHHOTO MOBITPS JT03BOJISE
3HM3UTH YTBOPEHHS OKCHIIB a30Ty Ha Be-
nuauny a0 12%.

https:doi.ore/10.31472/ttpe.4.2019.7

[Ipencrapnensl pe3yabTaTbl KOMIIbIO-
TEPHOTO MOZEIHMPOBAHUS CKHUTAHUS Ta-
30Boro ymisi B komie TIIIT 312 JITOK Jla-
nepkuHCcKass TOC. MccnenoBaHo BIIHSIHHAE
3aBUXPEHUS IIOTOKA IIEPBUYHOTO BO3IyXa
Ha Tporiecc 0Opa3oBaHUs OKCHIOB a30Ta.
Pe3ynbrarbl MpOBEAEHHOIO HCCIEIOBAHUS
TTOKA3aJIM, YTO 3aBUXPECHUE TIEPBHYHOTO BO3-
JIyXa TO3BOJIACT CHU3UTH OOpa30BaHUE OK-
CHUJIOB a30Ta Ha BeIUUUHY A0 12%.

The results of computer simulation
of burning of gas coil in boiler TPP 312
DTEK Ladyzhyn presented. The influence
of the vortex of the primary air stream
on the formation of nitrogen oxides is
studied. The results of the study showed
that the swirling of the primary air could
reduce the formation of nitrogen oxides
by up to 12%.

bi6m. 4, Tabmn. 1, puc. 4.
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HAM IOTOKY.

d_NO — BiTHOCHa BeTMYMHA T€HEpallii OKCHIIB a30Ty;
m — KoeiIieHT BUTPATH;

1 — KUTBKICTB JIOTIATeH 3aBUXpIOBada;

N — TIOTY>KHICTh BEHTHIISITOPA;

NO — BuTpara oKcHIiB a30Ty;

7 — pajaiyc KaHaiy;

R — paniyc;

S — 9rc0 3aBUXPEHHS MTOTOKY;

T — Temneparypa;

V — TaHT€HIIHA CKJIa[0Ba IIBUIKOCTI;

Axmyanvnicms pobéomu. ByTimig Moxe 3a0€3Ne9UTH
VYkpaiHi eHepreTuuHy He3aeKHICTh.

Eneprerruka YkpaiHu € 6a30BOIO raiy33i0 €KOHOMIKH,
mo 3abesneuye (GyHKIIOHYBAaHHS BChOTO TOCIIOAAPCHKOTO
KOMIUIEKCY KpaiHu. BcTaHOBIEHA MOTYKHICTD T'€HEPYOYO-
ro oonmagranHsa y 2012 pomi cknamana 53,8 muH. kBT, Cra-
HOM Ha ceprieHb 2016 poky 9acTka eleKTprYHOi eHeprii,
o Oyna BUpOOJieHa Ha TEIJIOBUX €JIEKTPOCTAHIIISAX CTaHO-
Buina 51,16% ua TEC, 12,05% na TELI.

CraBuy 4jeHOM €BpOIeHChKOi eHepreTUIHOI CITITBHO-
TH, Hallla Iep>KaBa B3s1a Ha ceOe 30008’ s13aHHS BUKOHYBATH
KOPCTKI €BPOMEHCHKI BUMOTH IIONO 3aXUCTYy HABKOJMII-
HBOT'O CEPEOBUINA.

BaxinBoMy NUTaHHIO 3HMKEHHS BUKHUIB OKCUIB a30-
Ty NIPUCBSYCHO HEAOCTATHBO yBAaru. 3apa3 MOKa3HUK PiBH
IIUX BUKHIIB BiJ BYyruteHUX OJokiB ckiamgae 400...1600
MT/H.M?, KU MOTPiOHO 3MeHIHTH 70 350...600 Mr/aH.m* o

1 — KOMIIOHEHT LIBUIKOCTI NEPIECHIUKYISIPHUI 1O OCHOBOT;
W — OCbOBa IIBUJIKICTE;

d_NO — BiTHOCHa 3MiHa BUTPATH OKCHIIB a30TY;

Hu:kni ingexcn

0 — 30BHIIIHIN, 0a30BHIA;

i — BHYTpIIIHI;

max — MaKCUMaJIbHUI;

1, 2 — HOMepH KaHaTy BTOPHHHOTO MOBITPSI;

€ — KaHaJI IePBUHHOTO MOBITPSL.

2020 poky, ta m0 200 mr/m.m® micns 2020 poky. Jlns mo-
CSITHEHHS IIi€i MeTH HEOOXiTHO MPOBECTH PEKOHCTPYKIIIO
BYTiIbHUX OJIOKiB SIKi MAalOTh JOCTaTHIM 3aJHIIKOBHMA
pecypc. llpuknamom Takux OJIOKIB MOXYTH OyTH CXOXi
mo koHcTpykmii Omokm TIII 312 ta TIII-312a, saxumu
ocHameHi Jlammkunaceka TEC (6 6mokiB), Byrmeripceka
TEC (4 6mokwn), 3amopizska TEC (4 6moxn), 3yiBceka TEC
(4 6roxm).

EdextuBHe cnamioBaHHS TanmBa, 30KpeMa TBep-
JIOTO, 3a0e3MeuyeThCsl 32 JOMOMOTOI0 TPhOX (pakTopiB
TIepeMillTyBaHHS TTaJIBa i OKUCIIOBaYa, 4acy nepeOyBaHHs B
30HI Temmeparyp, MOTPiOHMX ISt 3TOPSHHS YaCTOK TaTiBa
i Temneparypu. BuOip ocTaHHBOTO MapaMeTpy 3HAXOAUTHCS
il THCKOM BHMOT, IIO JiIOTh B NPOTHISKHUX HANpPSIMKaXx.
3 omuiei cTopoHH, OiiblIa TeMIeparypa CHpHUsE€ Kpamomy
BUTOPSIHHIO TIajMBa, ajie, 3 JPyroi CTOPOHH, MPH OLIBIIIH
TEMITEpaTypi POCTE YTBOPEHHS OKCHUIIB a30Ty.
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OmHuM 3 METOJIB 3MEHINIEHHS TeHepallii OKCHIIB a30-
Ty € 3HIDKEHHS TeMIIepaTypd NpOIeCy CHANIOBaHHA, 3a
paxyHOK 3aCTOCYBAaHHsI 3aBUXPEHOTO IIOTOKY CYMIIli, B
SKif TOPATh YaCTHHKH IManuBa. [Ipu 1soMy 301TBITYETHCS
gac repeOyBaHHS YaCTHHOK TaJMBa B 30HI OKHWCIEHHS 1
3MEHIIYETHCSI KOHIIEHTpPAIisd KHUCHIO B KPUTHYHHAX 30HAX
TOPIiHHS Yepe3 MiACMOKTYBaHHS IPOAYKTIB Peakilii B KOPiHb
cTopya.

CyuacHhi moryxHi ko TEC o6nagaaHi baratbma majb-
HUKaMH, SKi PO3TAIlIOBaHI Y OMUH — NIBA PSAU, 9acTO PSIIH
MABHUKIB PO3TAIIOBaHI HATPOTH. AKTYaJIbHIUM 3aJTHIIA€THCS
TIATaHHS BIUIMBY 3aBUXPEHHS MOBITPS B CUCTEMI MAJTBHUKIB
Ha piBEHb YTBOPECHHS OKCHIIB a30Ty TOMY IO 3MCHIICHHS
TEMIIEpaTypH TOPiHHS OOMekeHe HeOe3IMeKOr BUHUKHEHHS
HeIomany.

Memoro 0ocnidrycenns € BU3HAYCHHS BIUIMBY 3aBHX-
pPEHHS TTOTOKY TIEPBUHHOTO TMOBITPS B MaJbHUKAX KOTJa Ha
TIPOIIEC YTBOPEHHS OKCHIIB a30Ty Ha MPHUKIAIl CHEPreTHY-
Horo korma TTIIT 312.

[Ipssmotounmii xoren TIII-312 maponpomyKTHBHICTIO
264 xr/c Ha HagKpUTUIHI Tapamerpu mapu (p = 25 Mlla,
T = 545 °C) 3 npoOMiKHAM TIepeTpiBOM BUKOHAHUUA OIHO-
kopirycHuM 3 [I-moxiOHnM koMronyBaHHSM. KoTen npairoe
B Omomi 3 Typ6iroto K-300-240-2 I10 JIM3. [1apoBomstHmi
TPakKT KOTJIa M0 XOIy CEPEIOBHUINA MICTHUTH TakKi TMOBEPXHIi
HarpiBaHHs: exkoHomaitzep, [ICKII, HPY-1, II, III i IV,

2870

CPU-1 1 II, BPUY. Koren po3paxoBaHHMii Ha CHATIOBaH-
HS TponykTiB 30aradeHHs razoBoro Byrumia (I'CHI) mpu
piIKOMY IIJTAaKOBUIAJICHHI.

BroprHHE TTOBITPS TTOAE€THCS IBOMA KiJBIIEBUMH Ka-
HajlaM# BHYTpimHIM 1 1 30BHImHIM 2. KinbleBi kaHaau
MOXYTh MaTH BJIACHI JIONIATEBI amapaTy JUIsS 3aKpydyBaH-
HS BTOPUHHOTO TOBITps. HasBHICTE omateii B kaHami C
HeOaXkaHe, TOMY IO aOpa3WBHUN BIUIUB BYTUIBHOTO TTHITY
MPU3BOIUTG 1O 3MEHIIEHHS MDKPEMOHTHOTO TIEepioxy
MaTbHAUKIB. 3aKpPyYEHHS IOTOKY aepOCyMIlIi Moxe OyTH
3po0JICHO 3a JOMOMOTOI0 3aBUTKOBOTO 3aBHXPIOBadYa.
[TapameTpu 3aBUXpIOBada aepoCyMilli OOHMPArOTBCS Ta-
KAM YUHOM, MI00 3aBHXpPIOBajhbHA MIBHIKICTh B KaHAaIi
aepoCyMimIi JOpiBHIOBaJIA BIAMOBIMHIM IIBHAKOCTI B
ka"aii 1. Bruus 3akpydyBaHHS Tedil B KaHaI IEPBUHHOTO
TIOBITPsI, sIKE HECE MMAJIMBO B BUIVISAII TOHKOTO BYT1THHOTO
ATy, aHATI3YETHCSA B TaHii poOOTi.

Peszynomamu d0ocnioicens ma ix ananiz

Kotmoarperar TIIII 312 BupoOHunTBa Taranporcbko-
TO KoTeapHOTO 3aBoay Mae I1-momioHy KoMITOHOBKY. Tormka
KOTJIa BIIKPHUTOTO THITY 3 PIJKUM MUIAKOBUAAICHHAM. Ko-
TeJ OCHAIeHUH 16-Ma maJTbHUKaMH, IO pO3TaIloBaHi y JIBa
spycu [1].

Koty TTIIT 312 na JITEK Jlanmxkuacska TEC mpartro-
F0Th Ha ByTiUnT Mapok I ta JII. AHani3 qaHuX mMomo SIKOCTi
BYTULIS, SIKEe MPUXOANUTH HAa CTAHIIIO, 3TIIHO cepTH(]IKaTiB
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Puc. 1. Cxema nanvnurxa komaa TIII 312.

C — nepeuHHe nogimps 3 gyzinbHum nunom; 1 — emopunne nogimps (6HympiwiHii Kinbyeguii Kanan);

2 — emopunne nogimps (306HiWHIll Kinbyeeuil KAHAT).
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Ha Byriyuist Mapok I (I'0-100 enepreruune) ta AT (A 0-100
SHEepreTHYHe) 1aB MOKIIMBICTh BUBECTH OCEPETHEHI XapaK-
TEPUCTHKH BYT1LIA SIKi BUKOPUCTOBYBAJIUCS 715l BIOCKOHA-
JICHHSI MOJIENI TOPiHHSI MAKeTy MPUKIaIHUX nporpam [2-4].

Ha pucyHnky 2 mokazaHi emopu Temmeparyp 3a Apy-
T'HM 3J1iBa MTATBHUKOM BEPXHBOTO psiy QPOHTAIBHOT CTIHKH
KOTJIA.

B BapianTti a cepeaHiii koedilieHT 3aKpydyBaHHS y
BHYTPIIIHBOMY KiJIbIIEBOMY KaHaJl BTOPHHHOTO MOBITpPA
Si=( u21 + vzl )/ w, = 0,67, xoediuient 3axpyuysan-
Hsi B KaHali aepocymimi (mepsunee nosirps) S.= 0,67, B
BapiaHTi b 3aKpydyBaHHS Bi/ICyTHE.

TeMrieparypa (Bapiadt @) Ha 108 K MeHnma HiX y BUmanm-
Ky MPSIMOTOYHOTO TMallbHUKA (BapiaHT b), MO € MPHIUHOIO
3MeHIIeHHS Ha 5% TeHepallii OKCHIiB a30Ty. BifmeHTpoBi
MOTOKU CTBOPHUJIM 30HY PO3PiKEHHS KOJIO OCi MaJbHUKA 1
MPOAYKTH PeaKiii MOYHHAIOTH PO3IrpiB MaIMBHOI CyMillni
1Ie B CaMOMY NaJIbHUKY (BapiaHT a). Ilnomia moBepxHi mo-
YaTKy TOPiHHS TP 3aCTOCYBaHHI 3aKpydyBaHHS CKOPOTH-
nacst Ha 30%.

Pesynbratu pospaxyHkiB 3BeieHI B Tabmuiro 1 i
LTFOCTPYIOTBCSI PUCYHKOM 3.

BinHocHa BenuuuHa BUKUIIB B OPIBHSAHHI 3 0230BOIO
(BapianT 1) po3paxoByBanach mo gopmysi (1).

IIpn HasBHOCTI 3aKpyuyBaHHs NOTOKy MakcumansHa d_NO;=NO;/NO, (1)
Temperature Temperature
Contour 2 Contour 2
1916 2024
1759 1855
1601 1687
1443 1518
1286 1350
1128 e
47 1013
- 844
813 | 676
659 507
498 330
340 [K]
[K]
Puc. 2. Entopu memnepamyp 3a naibHUKamu GpoHmanbHoi cminu Kom.na (6epxHiii pao, opyzuil
371i6a) npu 3aKpy4y8anHi HEPEUHHO20 NOGIMPA — a | nPU IOCYmMHOCMI 3aKpY4y8anus — b.
Tabmuus 1. [Tapamerpu Tonku koria TIII 312 mpu pi3HKX 3aKpydyBaHHSAX MMOTOKIB B MAJIbHUKAX
o Tepenat Terepanis | . . Makc. T-pa 1 | Makc. T-pa 2
KinpkicTh BignocH1 psna psana
Ne N THCKY, Uucna 3aBUXpEHHS NO, . .
JIoTiaTeil B KaHamax ‘ BUKUIU | TaJbHUKIB, | MaJbHUKIB,
Ia Kr/C
K K
nl n2 DP S, S, S, NO, d_NO, ol -
1 0 464 0 0,68 0,23 0,2950 1 2006 2024
2 0 8 697 0 0,65 0,92 0,2798 0,9485 2033 2028
3 0 8 697 0,67 0,65 0,92 0,2820 0,9559 1882 1930
4 0 24 826 0 0,58 1,34 0,2681 0,9085 2016 2024
5 0 24 826 0,58 0,58 1,34 0,2641 0,8953 1890 1949
6 8 938 0 1,13 0,91 0,2737 0,9278 1962 2013
7 8 938 1,13 1,13 0,91 0,2806 0,9511 1837 1893
8 24 24 1585 0 1,55 1,38 0,2575 0,8729 1940 1984
9 24 24 1585 1,53 1,55 1,38 0,2622 0,8888 1874 1916
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Bapiaatu pospaxynkiB 1, 2, 4, 6, 8 B Tabmumi |
BITHOCATBCSI 1O PEKHUMIB, KOJTH ICHTPAIBHHUH IOTIK 3
BYTUTEHUM ITAJIOM CITEITIaJIbHO HE 3aKPYUIy€EThCS.

B Bapianrax 3, 5, 7, 9 3akpy4dyBaHHS IICHTPAIb-
HOTO TIOTOKY BiTOyBa€ThCS 3a ITOTIOMOTOIO CIipPaJIbHOTO
(paBKOBOTO) 3aBHXpIoBada. HaiOimpmmii edexT momo
rabMyBaHHS YTBOPCHHS OKCHIIIB a30TYy BiJl 3aKpy4YyBaHHS
BTOPUHHOTO TIOBITPSI CIIOCTEPITAa€ThCS B JIialla30HI YHUCENT
3akpy4vyBanns 1,13 <S§ <1,55. BigHOCHI 3MiHH yTBOpEH-
HS OKCHIB a30Ty BU3HAYAIHCH 110 hopmydi (2).

Ha pucynky 4 nokazaHo BIUIMB 3aKpy4yBaHHS IT€pBUH-
HOTO i BTOPHHHOTO TIOBITPSI HAa TCHEPAIlil0 OKCHIIIB a30Ty.
Jlinis (1-2) — BiAmoBigae 3aKpy9IyBaHHIO OTHOTO JIMIIE BTO-
PUHHOTO TIOBITPS, JIHISA C — 3aKPYIyBaHHIO IEPBUHHOTO
TTOBITPSI.

B mimomy, 3HIKEHHS TeHepallii OKCHIIIB a30Ty, CIIPH-
YUHEHE 3aKpy4dyBaHHSM IIEPBUHHOTO TOBITPS, BHUSBHIIOCH
He3HauyHUM. B Halkpamomy BapiadTi (IIpH 9HCITI 3aKpydy-
BanHs S = 1,53) Burpan oOyMOBJIEHNI 3aBUXPEHHSM MEp-
BUHHOTO TIOBITPSI TOPIBHSHO 3 3aBUXPEHHSM BTOPHHHOTO
MOBITps B KaHanax 1 Ta 2 cranosus jume 1,38%.

A NO;=(d NOi-1)100 )
16
g 14 _—
= 12 _——
S 10 "
= 8l T —0—1--d_NO
S 6 ] v —e—2-d_Tmf
S ST v —A—3-d Tm2
o\ci 2 —7—4--dP/100
& 0 :
= -2 E— A
T 4]
\
o -84 Lt
S -10] o
Z 1 T ——
1-12 ——
< 14 : : : : -
20 30 40 50 60 70 80 90 100
Nv, kBt

Puc. 3. BionocHi 3minu napamempie npouecy 20piHHA RUIOBUOHO20 8Y2iNA

npu pi3nux ROMYHCHOCMAX 6eHmMUIAmMoOpa, uio nooae noeimp;l.

1 — gionocHa weuoKicmo ymeopeHHs okcuoie azomy, 2, 3 — 6i0HOCHI MAKCUMAIbHI Memnepamypu Ha

6ux00i 3 nepuiozo (2) i opyzozo (3) apycie nanvHuKie, 4 — nepenad MUcKy 6 nAabHUK).

1,02 —
1,00-—-\ ——1-2
\ —e—C
0,98 \
0,96 \
o) \
< o \1\
- 0,92 \D\
0,90 e
0,88 '?;
0,864+—————————————1———
20 30 40 50 60 70 8 90 100
Nv, kBt

Puc. 4. Bionocna genuuuna 6uxkuoie okcuoie azomy 6 3a1e)icnocmi 6i0 NOMYNCHOCHI 3a8UXPI0BAYA 6

Kanajsiax 6mopurnozo i nepeUHHO20 noeimpﬂ.

1-2 3A6UXPIO6AHHA 6 KAHAIAX 6MOPUHHO20 noeimp;l; C —3A6UXPIOBAHHA 6 KAHAIAX NEPEUHHO20 noel’mpﬂ.
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Bucnoeku

1. 3aBuxpeHHs NOBiTps B najbHUKax kowra TIIIT 312
JI03BOJISIE 3HU3UTH YTBOPEHHS OKCHIIB a30Ty Ha BEJINYMHY
o 12%.

2. 3akpydyBaHHS IOTOKY 3a0e3ledyye BUPIBHIOBAHHS
eMIOpU TEMIIepaTyp B TOMNLI KOTJIA TaK MI0 MaKCHMajbHa
temneparypa Ha 100 K MeHma Hix y BUNIaIKy IPSMOTOYHO-
IO MaJbHUKA.

3. Ilpu cnamoBaHHI ra3o0BOTO BYIUUIS 3aBUXPEHHS
MEPBUHHOIO MOBITPsI HE MPHU3BOAUTH [0 CYTTEBOTO 3HU-
KEHHS OKCHIIIB a30Ty.

Pobomy niocomoeneno 6 medicax 6uUKOHaHHs O00iCem-
noi' memu 1.7.888 « PO3BUTOK HAYKOBHUX 34ACAJ TEP-
MOI'A30QUHAMIKH EHEPIETUYHUX YCTAHOBOK
TA MOHITOPUHI'Y BUKUJ[IB 3A5PYJ/[HIOFOYHUX PE-
YOBHH» .
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SLOW-UP GENERATION OF NITROGEN OXIDES
BY TURNING THE PRIMARY AIR FLOW IN THE
SWIRL BURNER OF THE BOILER TPP 312

Kobzar S.G., Kovalenko G.V., Khalatov A.A.

Institute of Engineering Thermophysics of the National
Academy of Science of Ukraine, Maria Kapnist str., 2a,
Kyiv, 03057, Ukraine

https:doi.oreg/10.31472/ttpe.4.2019.7

The aim of the work is computer simulation of the
formation of nitrogen oxides in the furnace of the boiler TPP
312 with the swirl of the primary air in the boiler burners.
The organization of the vortex flow allows reducing the
generation of nitrogen oxides due to the formation of a
return flow, which ballasts the combustion zone by oxidation
products. The limitation of this technique is the reduction of
the combustion temperature which can lead to underburning.

The objective of the study is to determine the formation
of nitrogen oxides based on computer simulation of the gas
dynamics of the firing space of the boiler TPP 312 DTEK
Ladyzhyn TES when swirling streams of air are used in the
burner channels.

Efficient combustion of fuel, in particular solid, is
ensured by three factors: mixing of the fuel and the oxidizing
agent, residence time in the temperature zone necessary
for the combustion of fuel particles and temperature.
The selection of the parameter is under pressure from
requirements operating in opposite directions. On the
one hand, a higher temperature contributes to better fuel
burning, but, on the other hand, the formation of nitrogen
oxides increases at a higher temperature.

Analysis of the data on the quality of coal that comes
to the station made it possible to derive the averaged
characteristics of coal that were used to improve the
combustion model of the software package.

Conclusions

In the presence of swirling flow, the maximum
temperature is 108 K lower than in the case of a direct-flow
burner, which causes a 5% reduction in the generation of
nitrogen oxides. Centrifugal flows created a rarefaction
zone at the burner axis and the reaction products begin to
heat the fuel mixture in the burner itself. The surface area
of the beginning of combustion during the application of
twisting reduces by 30%.

The results of the study showed that the twisting of
the primary air does not lead to a significant reduction of
nitrogen oxides.

References 4, figures 4, tables 1.

Keywords: pulverized coal boiler TIIIT — 312, formation of
nitrogen oxides, curling of primary air flow.

1. Kobzar S.G., Khalatov A.A. [Determination of the
effectiveness of reducing emissions of nitrogen oxides by
the system of stepwise burning of coal of the boiler TPP
312 of unit Ne. 6 DTEK Ladyzhyn TPP] [Bulletin of NTUU
KPI. Series: Energy and heat engineering processes and
equipment]. 2014. Ne 13 (1056). P. 85-91. (in Ukr.)

2. Kobzar S.G., Khalatov A.A. [Testing a simplified
model for calculating the combustion and the formation
of nitrogen oxides during the combustion of liquid
fuel], Promyshlennaya teplotekhnika [Industrial Heat
Engineering]. V.28, Ne3. 2006. P.62—66. ( in Rus.)

3.Kobzar S.G., Khalatov A.A. [Extension of the life of the
boiler furnace screens TPP-312 by reducing high-temperature
gas corrosion by controlling the flow structure in the furnace
volume during coal combustion], [in the book «Problems of
resource and safety of operation of structures, structures and
machines: Collection of scientific articles»], Kiev: Electric
Welding Institute E.O. Paton NAS of Ukraine. 2015. 816 p.
Electronic edition. http://www.patonpublishinghouse.com/
rus/compilations#winresurs2015/. P. 368-374. (in Ukr.)

4.Kobzar S.G., Kovalenko A.V., Khalatov A.A. [Computer
simulation of the erosion of convective heating surfaces
of the boiler TPP 312], Promyshlennaya teplotekhnika
[Industrial Heat Engineering], 2017. V. 39. Ne. 5. P. 78-83.
(in Ukr.)

Ompumano 16.07.2019
Received 16.07.2019

56

Tennogbisuka ma mennoeHepeemuka, 2019, m. 41, Ne4



