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A. I1. HUPKOBA, A. A. XAJIATOB

TEINIOOBMIH TA AEPOJWHAMIKA BLJIA BEPTHUKAJIbHOI KOHIYHOI TPYEH HA
MAUJAHYUKY TEC

PosrisiHyTo 0cOOIMBOCTI TEIIOOOMIHY Ta aepOAMHAMIKU 01 BEPTUKAIBHOI KOHIUHOI TpyOu Ha Maimanuuky TEC. JlocmimKkeHHS BUKOHY-
Banu B nporpamuoMy naketi ANSYS 2020-R1. ¥V po6oTi 3acTocOByBaBCsl METO KOMIT IOTEPHOT0 MozentoBanHs 3D-Mozeni inppacTpykTypu
TEC. Ilpu komm’toTepHOMY MozentoBanHi Bukopuctana RNG k—& mozens TypOysentrHocTi. IIpoBeseHi T0CIIiKEHHs TOKa3yl0Th 3HAYHUI
BIUTHB PO3TAILYBaHHs OYAiBIIi MALIMHHOTO 3aJ1y Ha aepOMHAMIKy AUMOBOI TpyOHU Ta 3aJIeKHOCTI BiJ HAPSIMKY BITPY.

KurouoBi ci1oBa: TeriooomiH, auMoBa Tpyoda, indpactpykrypa TEC, mam3zan, Hanpsm BiTpy, 3D-monens.

A. CHYRKOVA, 4. KHALATOV
HEAT EXCHANGE AND AERODYNAMICS OF THE VERTICAL CONICAL FUNNEL AT THE
THERMAL POWER PLANT SITE

The funnel is the most important element of the thermal power station. An appropriate arrangement of the system for the removal of the
gaseous products of fuel combustion inside the funnel results in no moisture condensation and proper maintenance of the operation condi-
tions of the funnel. To measure the temperature of combustion products along the funnel height we need to define the boundary conditions of
the third kind for the external surface of the funnel. The studies showed that in the case of the uniform velocity profile, the heat exchange and
aerodynamics on the surface of the single vertically arranged funnel have specific features conditioned by the funnel configuration and the
contact of its base with the ground surface. In particular, the rear part of the funnel is characterized by a periodic change in the static pres-
sure, velocity and the height heat loss coefficient. The purpose of this research was to define the average heat loss along the height of the
conical funnel situated at the industrial site of the thermal power station for different wind vectors and velocities. To simulate the heat ex-
change and aerodynamics near the funnel situated at the thermal power plant site we used the infrastructure that includes the following ele-
ments: mechanical compartment, substation, administrative building, warehouse and two cooling towers. The network model of the hydro-
power plant includes 1137782 units and 4741859 elements. A minimum orthogonal quality is 0.1 and a maximum biasing is 0.89. The §
RNG k-I" turbulence model, the Enhanced Wall Function and the Simplex algorithm were used for the velocity-pressure interrelation prob-
lem in steady flows. The air density is independent of the temperature at the computational volume inlet (the gravitation is neglected). The
funnel surface temperature was specified as constant and equal to 100 [IC. The heat exchange near the funnel was studied at different wind
directions in the wind velocity range of 5 to 25 m/s. Hence, the wind direction, the environmental infrastructure and the industrial thermal
power plant site have an essential effect on the funnel height heat exchange distribution pattern. Evidently, it is defined to a great extent by
the funnel aerodynamics. A maximum heat loss level is observed when the flow is rushed to the backside of the building at the south- to-
north wind direction and a minimum heat loss level is observed for the east- to -west and west -to -east wind directions for the parallel flow.
A minimum heat loss is observed at a longitudinal wind motion along the mechanical compartment building in west-to-east and east-to- west
directions. These specific features should be taken into account when designing tall funnels with an optimal change in the combustion prod-
uct temperature along the funnel height. We can draw a conclusion that the specific features of the heat exchange in question should be ob-
ligatory taken into account when designing tall funnels. Keywords: heat exchange, funnel, thermal power plant infrastructure, mechanical
compartment, wind direction and 3D model.
Key words: heat exchange, chimney, HPP infrastructure, mashzal, wind direction, 3D model.

Beryn

JumoBa Tpyba € HaHBXIIUBIMINM €JIEMEHTOM
teruoBoi  enekrpocranmii (TEC). Ilpm npaBunbHIN
opraHizarii BUJAJICHHS ra30MoIi0HUX MPOAYKTIB cIia-
JIOBAaHHS TaIMBAa KOHJEHCAIlis BOJIOTH BCEPEAMHI
TpyOH HeMae i TeXHIYHHN CTaH TPyOH 30epiraeTscs y
npane3natHomy crasi [1]. JInst BU3HaYeHHs Temriepa-
TYPH NPOJYKTIB 3rOPSIHHS MO BUCOTI TPYOH Ba)KJIMBO
3HaTH TPaHUYHI YMOBH TPEThOrO poay (KoediuieHTH
TEIUIOBiIadi) Ha 30BHIMIHIN MOBEpPXHI AMMOBOI TPy-
0, NpU L[OMY B TEIUIOBOMY PO3PAaXyHKY BUKOPHCTO-
BYETKCS, SIK MPABIIIO, CepeaHiil Koe]imieHT TemIoBi -
Jadi, mo BH3HaudaeThes iHQpacTpykTyporo TEC, Ha-
HPSIMOM Ta IIBHIKICTIO BITPY.

JocmipkeHHs, BUKOHaHI B po0oTi [2], moka3anmy,
110 TP PiBHOMIpHOMY PO MBHIKOCTI TEI000-
MiH Ta aepoAMHaMiKa Ha IIOBEpXHi OJMHOYHOI BEPTH-
KaJIbHO PO3TaIllOBaHOI KOHIYHOT TpyOH MaroTh creuu-
(biuni ocobmmBoCTi, 3ymoBieHi (opmoro TpyOu Ta
KOHTAKTOM ii OCHOBH i3 3€MHOIO MOBEPXHEI0. 30Kpe-
Ma, y KOPMOBIiif YacTUHI TpyOu crocTepiraeTses mepi-

OJIMYHA 3MiHA CTATUYHOTO THUCKY, IIBHJKOCTI Ta KOE-
¢imienta TemoBignadi 3a Bucoror. CepenHs mo BU-
COTi TpyOM TeIUIOBiIayYa 3aJeKUTh Bil TUIY HABKO-
JMUIIHBOI TOBepxHi (4, B abo C) 1 mpodimto mBUAKOC-
Ti [2], mpu HBOMY BOHa MOXe OyTH SK OULIBIIONO i
MEHIIIOI0 33 CEePeHI0 TEIUIOBIANauy Ui PiBHOMIpHO-
ro IPOQII0 MBHIKOCTI. SKIIO KOHIYHA TUMOBA TPY-
0a pO3TalIOBYETHCS Ha MPOMHCIOBOMY MalJaH4nKy
TEC, To posnojin TeruoBigaavi mo i BUCOTI 3aje-
KHUTh TaKoX 1 Bil 1HQPaCTPYKTYpH MailaHyuKa, 110
Ma€e BpaxOBYBATHUCS y NMPAKTUYHUX po3paxyHkax. Hu-
Hi IeTaJIbHI 1aHi XX YMOB IPAaKTHYHO BiJICYTHI.

Merta poboTu

Mera cnpaBxHbOi poOOTH — BU3HAUCHHS CEpe-
HBOI TEIUIOBIAJIaYi 10 BUCOTI KOHIYHOI JHUMOBOI TPY-
01, po3TalmIoBaHOI Ha NPOMUCIOBOMY MaWIaHYHKy
TEC npu pi3HOro HanpsIMKy Ta OIBHAKOCTI BiTpY. [lo-
CITIJDKEHHSI BUKOHAHO METOJOM KOMIT IOTEPHOT'O MO-
JIEITIOBAaHHS 3 YHCEIBHUM PO3B’SA3KOM AudepeHiians-
HUX PIBHAHB PyXY, €HEpTii Ta HEPO3PHBHOCTI.

© A. I1. Yupkosa, A. A. Xamaros, 2022
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Bukiang ocHOBHOro Marepiany

Cyudacui TEC — 1ie cknmagHi TeXHIYHI MiAITpHEMC-
TBa, BAPTICTh SKMX CKIagae Minbsipau monapis. Ilpum
komrnoHyBaHHI TEC po3ymieTbes B3aeMHE pO3MilIIEH-
HS OCHOBHHX Ta JIOTIOMDKHUX CIOpYZX Ha i MaimaH-
ynky. Komnonysanus TEC — me onmH 3 HalOuThII
CKJIQHUX IUTaHb MPOEKTYBaHHA, IPH I[OMY IOBO-
JIUTHCSI BPaXOBYBATH BEJIHMKY KUIBKICTh BHYTPIIIHIX Ta
30BHINIHIX (AKTOPIB, TAaKUX 5K, PENbe( MiCHEBOCTI,
po3TallyBaHHsS BOJOCXOBHIL, TPOSHJAA BITPIB Ta iH.
3BHuaifHo Ha mpomMucnoBoMy MaigaHuuky TEC pos-
TalIOBaHI TOJIOBHUH KOPITyC; Ma3yTHE Ta OJHMBHE T'OC-
MOJApCTBa; KOpIyC monapiOHeHHA manwBa; OymiBii
miIcOOHUX BHUPOOHUIITB; IIKOBAa BOJOTPiiHA KOTEINb-
HS, TPAIpHi; Ta30 PEryIIOIYNi MyHKT, OYHCHI CIIO-
PYIOH CTIYHHX BOJ, HACOCHI CTaHIIi OUPKYIAMIHHOTO,
MPOTHUIIOKEKHOTO Ta THUTHOTO BOJIOINOCTAYaHHS, Ta
immr o6'extr [3]-[6].

Jnst MozieNnoBaHHSL TEIJIOOOMIHY Ta aepoauHa-
MiKkH Oinst AMMOBOT TPyOH, pO3TalIoOBaHOI HA TEPHUTO-
pii TEC, Buxkopuctano iHQpacTpykTypy, IO BKIIOYAE
TaKi eJIEMEHTH: MAaIIMHHWE 3aJ1, HiACTaHI[if0, aaMiHic-
TpaTUBHY OYAIBIIO, CKJam Ta ABI rpaaupHi (puc. 1).
Bucora okpemHx €JeMEHTIB MMOKa3aHO Ha puc. 1 y
Iy’KKax, IIUPUHA Ta JOBKUHA — HA puC. 2.
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Puc. 1 — IndpactpykTypa TEIIIOBOI €NEKTPOCTAHIIIT
(3araJIbHUH BUTIISN)
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Puc. 2 — IadpacTpyKTypa TEIIOBOI SICKTPOCTAHIIIT
(BuI 3Bepxy)
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Puc. 3 — CitroBa monens iHppactpykrypu TEC: &, 6 — BUIU Ha CITKOBY MOJIE)Ib HABKOJIO JMMOBOI TPYyOH

CitkoBa mojens inppactpykrypu TEC (puc. 3)
Bkiouae 1137781 By3niB Ta 4741859 enemenrtis. Mi-
HiMaJlbHA OPTOrOHANbHA KicTh — 0,1, MakcUManbHUI
nepekic — 0,89. UyTmBiCcTh CITKH PO3TISIHYTO Y POOO-
Ti [2]. ¥V po3paxynkax BukopuctoByBaiacsi RNG k—¢
Monens TypOyneHTHocTi [2], mpuCTiHHAa (QYHKIS
Enhanced Wall Function, anroputM po3B’si3Ky JUIs
3’€JHaHHS MIBUJKICHOTO THCKY B CTIHKHX ITOTOKax
Simplex. 'ycTuHa MOBITPsS He 3ajie)KHA BiI TeMmepa-
TYpH Ha BXOJi B pO3paxyHKOBHH 00’eM (cmiiamu Ts-
XKIHHS 3HEXTyBaHO). Temreparypa TOBEpXHiI TpyOu
3ajaBayacs mocriiiHor Ta pisHO 100 °C.

TennoBingaya 6ijs BepTUKAIbHOI KOHIYHOT TPYOU

Tenmoobmin Oinsgt AuMOBOI TpyOM BMBYaBCA 3a
Pi3HUX HaIPSAMKIB BITPY B Jiama30Hi IMIBUAKOCTI BITPY

Wo Big 5 mo 25 m/c. llIBuakicTs BiTpy W, Ha Mexax
Mmaiinanunka TEC 3anaBanacst CTelieHeBUM PiBHSIHHSM
Wz = Wo K(2), Q)
ne k(z) = 0,4(z/10)°%,
SKe BIATIOBiae TPOQiM0 MIBHIKOCTI HAa IMOBEPXHI
turry C (MICBKI paifoHM 3 IIUTHHOIO 3a0yJ0BOIO OYIH-
HKaMM 3aBBHIIKM Oinbire 25 m) [2], Wo — cepenHs
IIBUJIKICTh BITPY Ha TPaHUIl MalTaHYHKA.

Posnoain cepenHporo mo KyToOBid KOOpAMHATI
TpyOH KoedillieHTa TeIUIOBiJIa4i HABOJUTHCS Ha
puc. 4. Jlani, HaBeAeHi Ha puc. 4a, 6, IPaKTUIHO iJie-
HTWUYHI, OCKUTbKH aepoJuHaMika OOTiKaHHS JTUMOBOL
TpyOH mpakTH4HO ojHakoBa. Ha Oinpmiiii wacTwHI
TpyOH, BKIIOUAI0YH 00J1aCTh MALIMHHOTO 3aTy (BHCO-
Tta 30 M), 3MiHa KoedillieHTa TEIJIOBiIadi M0 BUCOTI
TpyOu npubim3Ho Ha 20 % HKKYE 3a 1aHi, OTpUMaHi 3
piBasiHHs [1, 2] mis momepeyHOro OOTIKAHHS IMTiH/-
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pa HOCTIHHOTO MONEPEYHOTo Mepepidy IOTOKOM i3
piBHOMIipHUM mpodineM mBuakocti. [To6nun3y 3emHol
MOBEPXHi (Z 3HAXOIUTHCA B MeXax Bix 12 M mo 15 m)
CepeIHs TEIUIOBiNIaya BUIIE 32 3HAYCHHS, OTPUMaHi 3
piBHSHHA (2), OO0 3YMOBJEHO YMOBaMH OOTiKaHHS
TpyOu 61151 3eMHOT TOBEPXHI.

oo = 7,3 w288, 2)

VY pasi HabiraHHs MOTOKY Ha TpPyOy, IO CTOITH
nepen OyauHKoM (puc. 48), 1o BCilt BUCOTI TpyOH ce-
penHs TEIUIOBiJjaya HIDKYE [aHWX, OTPUMaHMX 3a
piBHSHHSM (2), 10 00YMOBIJICHO TalbMyBaHHSM IIOTO-
Ky OyAMHKOM Malu3ana Ta Horo mepeposmnofiiiom. Y
pasi HanpsiMy MOTOKY 3 IiBAHS Ha MiBHIY (puc. 42) 1o
BUCOTH TpyOU z = 50 M (y Mexxax OyniBii mamzany i
BUIIIE) CEpe/IHs TCIUIOBiIaya BUINE 3a JaHi 3a piB-
HIHHAM (2), ame Hagmam BoHa Ha 8 %10 % HmKue
pe3yIbTATIB , OTPUMAHI 32 M PiBHSIHHSM.

OTxe, HampsM BIiTPY, iHPpPACTPyKTypa HaBKO-
JWIIHBOTO TIPOCTOPY 1 IMPOMHCIOBOTO MalJaHYMKa
TEC 3Ha4HO BIUIMBAIOTH HA XapaKTep PO3IOALTY Tel-
JOoBigmadi mo BUCOTI Tpyou. OYeBHIHO, IIe 3HAYHOIO
MIpOI0 BH3HAUYAETHCSI OCOOJMBOCTSIMH aepOJIUHAMIKH
oOTikaHHS TUMOBOI TpyOu. HaiiOinpiuii piBeHs Ter-
JIOBiayl criocTepiraeTbCs NMpu HabiraHHI MOTOKY Ha
3BOPOTHY CTOpPOHY OyJIiBJi MAaIIMHHOTO 3ajia y Ha-
NPSIMKY BITPY 3 nig0Hsi HA nigHiy, a HAlMEHIa — NpU
HANpsIMKY BITPY 31 CXiI-3aXifn 1 3aXifg-cXia mpu mapa-
JeTbHOMY OOTIKaHHI MAIIMHHOTO 3aIa.

Ha puc. 5 npexncraBieHi pe3yabTaTH pO3paxyHKY
CepeaHbOI M0 KYTOBiM KOOPIWHATI TEIUIOBIANATI IS
CHpsSIMyBaHHS TiBACHB-TIBHIY TPH IIBHIKOCTI BITPY
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Ha MeXI POMHCIOBOTO Maiinanunka 12 m/c ta 25 m/c.
31 30UIBIICHHSAM LIBUIKOCTI BITPY CepelHs TEeIIoBija-
nada B obmacti Z < 50—60 M (Bumme OyZiBii MalIMHHO-
ro 3aja) 3HaYHO BHUINE JaHUX, OTPHMAHMX 3a PiBHSH-
HiM (2), a ipu Z > 50-60 M cepenmHs TeIUIOBiATada
HIDKYE JaHWX, IO BiANOBITAarOTh piBHAHHIO (2) abo
MIPUOIN3HO BiNOBIAIOTH iM.

Oco6smBocCTi aepoaUHAMIKHA
0insl BepTUKAJIbHOI KOHIYHOI TPYOHU

AepojnHamika OOTiKaHHS AMMOBOI TpyOH, sKa
nepeOyBae B ymoBax npommaiiganunka TEC, mae
cuenn¢igay CTpyKTypy. Hrkde posrisHyTo ocoOmu-
BOCTi aepOIMHAMIKH MOBITPSTHOTO MOTOKY Oi7IsT TUMO-
BOI KOHIYHOI TpyOHW 3a JBOMa HAmpsIMKaMH BITPY — 3
MMBHIYI Ha MBAEHb Ta 3 MIBAHS HA IMiBHIY.

Sk i mpm oOTiKaHHI OAWMHOYHOI KOHIYHOI TpyOH B
0e3KiHEeYHOMY TPOCTOpPi B KOPMOBIM HacTHHI TpyOH
30epiraeThCcsl MEPiOUYHA 3MiHA IMIBHIKOCTI (a TAKOXK
TUCKY Ta TEIUIOBiJaayi) mo BHCOTI TpyOu (puc. 6). B
000X BUMaaKax 3a OyaiBiel0 Maii3ajia YTBOPIOETHCS
BUXPOBHI CJIiJI YHACTIIOK OOTIKAHHS MaIl3aia, SIKui
3HAYHO BIUIMBAE Ha TEIUIOBIJAavy. 32 paXyHOK HECH-
METPUYHOTO PpO3TallyBaHHS AWMOBOI TPYOHM IIOAO
OymiBIIi Mami3ainy Ta BIUTUBY iH(QPacTpyKTypH iHIIAX
exeMeHTiB mpommMaiinanauka TEC oOTikaHHS TUMOBOL
TPYOH TaKOX Ma€ HECUMETPUIHHUH XapakTep (puc. 7).
B npoMy BHNasKy BUXpOBa CTPYKTypa HOTOKY BH3HA-
4yae BHCOKWH PIBEHP TEIUIOBiqAadi B OONACTI BUCOTH
TpyOou MeHIe 60 M.

o, Br/m2K

30 i e

20 i _&M .

<4 g -
-r —8— PoapaxyHok
10 1%
4: —A— dopmMyna
0
0 20 40 60 80 100 120 140
Bucota, m
o
o, Brim2K
30 p— ":
20 R
. -
:’A/// —8— PoapaxyHok
10 Z’ —A—dopmyna
vd
0 |

0 20 40 60 80 100 120 140
Bucota, m
ped

Puc. 4 — Cepenniii o KyToBiii KoOOpaMHATI KoeilliEHT TEIIIOBIadi: 3MiHA 110 BUCOTI TUMOBOI TPyOH
(Wo = 5 M/C): MyHKTHpHA NiHis — BigxuwieHHs £20 % Big popmysnu o = 7,3W,°%: @ — manpsam sitpy 3i cxiny Ha
3axiJ; 6 — 3 3aX0Jy Ha CXiJl; ¢ — 3 MBHOYI Ha MIBJCHB; 2 — 3 MiBIHS HA MiBHIY
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— CepeHili IO KYyTOBi# KOOPAMHATI KOSQIIIEHT TEIIOBIIIAYi: PO3MOILT IT0 BUCOTI AUMOBOI TPYOH.

HanpsiM BiTpy: a — niBeHb — miBHIY; 6 — Wo = 12 M/C u 25 M/C. ITynkrupHa niHis: Biaxwienus + 20%

Bix popmynu (2)

Contoars of Vlocty Magnitude (w/s)

a

o

Puc. 6 — [ToznowxHe 300paxkeHHst 00TIKaHHs CHCTEMHU TUMOBa Tpyba-Mai3ai. 1lIBuakicts BiTpy 12 m/c:

a — HaTpsIM BITPY HiBHIY-IIIB/ICHb; 6 — MiB/CHb — MIBHIY

Puc.

Coatoors of Velocty Magitude () Comtoars of Velacity Wagnitese (m/5)

o
7 — IonepeuHe 00TikKaHHS CHCTEMH IMMOBa TpyOa-mam3ai. [Tonepeunuii neperuH, Bucora 10 M.
HIBuakicte BiTpY 12 M/C: @ — HANPSIMOK BITpPY MiBHIY-NIBJCHB; 6 — MiBIEHb — MiBHIY
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Puc. 8 — Ilonepeune 00TiKaHHSI TUMOBOI TPYOH
Ha pi3Hid BHCOTI Bij 3emiti. HampsiMok BiTpy:
miBHIY — miBaeHb. [IIBUAKICTE BiTPY 25 M/C:

a — BigcTasb Big mosepxHi 10 M; 6 — 20 M; 6 — 50 M

[Ipu HabiranHi MOTOKY Ha TPYOY, IO CTOITH ITe-
pen OymuHKOM (HampsMOK 3 TIiBHiYlI Ha TiBICHB)
CTPYKTYpa MOTOKY TAaKOX HECUMETPHYHA 3 OUIbII BH-
COKOI0 MIBHIKICTIO Ha JiBii momouHi TpyoOu. [Ipm
BOMY 32 TPYOOIO OiNbIAa YacTHHA MOTOKY 3aKPYdy-
€THCS BIIPABO 1 PYXa€ThCS B 00JIACTI MiXK KOPMOBOIO
YAaCTMHOKW TPYOM 1 CTiHKOIO Mam3ana, (GopMyrUH
CKJIQJIHy CTPYKTYPY BUXPOBY IOTOKY 3 HECHMETpHU-
HOO 00JIACTIO BIAPUBY MOTOKY 3a HEro. Buire OymiBii
Maisanga o0TiKaHHS TpyOu NMOCTYIIOBO CTa€ CUMETpH-
gHuM (pHUC. 86), 31 CTPYKTYpPOI OIM3BKOIO 10 OOTI-
KaHHs Kpyryioi TpyOu B Oe3KiHEYHOMY IpoCTOpi Ta
BIZIPMBOM MOTOKY B obuacti ¢ ~ 140°.

[pu HanpsMKY BiTPY 3 MIBAHS HA MiBHIY Oy IiBIIS
Mal3ajia € MpUPOIHOI0 MEPENIKO/I00, MOTIK, M0 Ha-
Oirae, oruHae OyxiBIo Mamm3ana (puc. 9a, 6) i hopmye
CKJIQJIHy BUXPOBY CTPYKTYpY IOTOKY 32 HUM 3 IpHO-
JU3HO TOCTIHHOK MIBHIKICTIO OIS MOBEpXHI TPyOH.
CrpyKTypa BHXPOBOT'O IIOTOKY 3MIiHIOETHCS 3a BHCO-
TOIO TpyOM B oOjacTi Mam3anmy, o 30epiraerbes
CKJIQ/IHOIO 3 JIOKaJIbHUMU BUXPOBHMH 30HamHu. Buiie
OyaiBii Mam3ana oOTiKaHHS TPYOHM MPAaKTUYHO CHMe-
Tpu4HO (puC. 96), AK 1y pa3i HANPSIMH BITPY 3 MiBHOUI
HAa TIBICHD.

[opiBHSHHSA PO3TISIHYTHX BUINE JBOX BapiaHTIB
MOKa3ye, 10 y pa3i HaNpsMKy 3 MiBAHS Ha MiBHIY BHA-
CJIIZIOK BIIPMBHUX 30H NPHKOPJOHHMH IIap Ha HOBEp-
XHI TpyOM B 00JacTi Mam3ajia NMpakTHYHO BIJICYTHS,
IO TNpH BiZHOCHO HEBHUCOKIH IIBHUAKOCTI MOTOKY
cripusie BUCOKiH TerutoBinnayi (puc. 5). Ilpu nabiranui

[] ety Vectors Cobored By Vbt Mogntade (/) X

et
Vel et

Puc. 9 — INonepeune 00TiKaHHS AUMOBOI TPYOHU
Ha pi3Hid BHCOTI BiJ 3emuti. HanpsiMok BiTpy:
niBaeHs — miBHid. [IBHAKICTS BiTpy 25 M/cC:
a — BucoTta nepepizy 10 M; 6 — 20 M; 6 — 50 M

MOTOKY Ha TpyOy (HampsM BITPY MiBHIY-TIBICHB),
HE3Ba)KarouM Ha BUCOKY IIBUAKICTH MIOTOKY TEIJIOBiA-
Jlada 1o BHCOTI TpyOW B 00JacTi Mam3ana IOpiBHIHO
HU3bKa (puc. 4).

Takum uwuHOM, IH(pPACTPYKTypa MalgaHunKa
TEC 3Ha4HO BIUTMBAaE Ha aepoAMHAMIKA MTOTOKY 1 Tell-
JoBigauy Oinsl oBepXHi 1MMOBOI TpyOou. Haibinbin
BUCOKHI pIBeHb TEIUIOBiANAui JOCSATAETHCS TPH Ha-
NPSIMKY BITPY 3 MIBJIHS Ha MiBHIY, KOJHM Ha MOBEPXHi
TpyOu HOPMYIOTHCS IHTEHCHBHI 30HU BUXPOBOTO PYXY
MOTOKY 32 BIJICYTHOCTI NMpPUKOPAOHHOTO mapy. Hai-
MEHIIIa TeIUIOBi/Iauya CIIOCTEePIraeThesl MpU TOI0BXK-
HBOMY PYCi BITPY B3IIOBXK OVAiBIIi MaII3amy y Hampsi-
MKax CXiJI-3axiJ Ta 3axiI-CXif.

3a3Ha4yeHi OCOONMBOCTI CIIJI BpPaXxOBYBAaTH IMiJ
Yac MPOEKTyBaHHS BHCOKHX JIUMOBHUX TPyO 3 onTuma-
JILHOIO 3MIHOIO TEMITEpaTypu HPOJYKTIB 3rOpSHHS 32
BHCOTOIO JWMOBOI TpyOu. BukopuctanHs piBHSHHS
(2) po3paxyHKy 30BHINIHBOT TEILUIOBIIAa4ui MOXKE MPH-
3BOJUTH JI0 MOXHUOKH po3paxyHKy 20 % i Oinmbie.

BucHoBku

1 BUKOHaHO TEOpEeTHYHE NOCIIIKEHHS TerIoo-
OMiHy Ta aepoJMHAMIKM KOHIYHOI JMUMOBOi TpyOH
TEC 3 ypaxyBaHHSIM iHQpacTpyKTypH HaBKOJIHMIIHBO-
ro npocropy (podisib MIBUAKOCTI HA MEXKi IPOMMaii-
nan4nka) ta inppacrpykrypu TEC.

2 byniBns Mamzana npoMMaijaHuMKa 3HaYHO
BIINBA€ HA aepOJMHAMIKY OOTIKaHHS AMMOBOI TPyOH
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i posnoxin TemwmooOMiHy mo ii Bucoti. Haiibinbmia
TEIUIOBiAIaua 3a paxyHoOK (JOpMyBaHHS IHTEHCHBHOTO
PYXy BHXPOBOTO IOTOKY i pyHHYBaHHS IPUKOPIOHHO-
ro mapy Ha IOBEpXHI TPYOH CIIOCTEpPIraeTsCs HpH
pyci BiTpy 3 IIBIHS HA MiBHIY.

3 Bume Oynismi mam3amy 3MiHA MO3IOBKHBOL
IIBUJIKOCTI MOTOKY (2 TaKOX THUCKY Ta TETUIOBimIadi)
M0 BHCOTI IVMOBOi TPyOHM Ma€ MEpiogWYHHHA Xapak-
Tep.

4 Bume OyniBii Mam3any Ha TEBHIA BHCOTI ae-
poarHaMika OOTiKaHHsS TPyOM MPaKTHYHO BiINOBiZAE
00TiIKaHHIO KPYTJIO0i TpyOU B OE3KIHEYHOMY MPOCTOPI.

Po3risaHyTi 0cOOIMBOCTI TEIIOOOMiHY NOBHHHI
000B'SI3KOBO BpPaXOBYBAaTUCH IIPH IPOCKTYBaHHI BHCO-
kux qumoBux Tpyd TEC.
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