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dependencies TiO; particles and carrier of drying time and the basic parameters of the need for further experi-
mental studies and design of industrial drying equipment.

Drying is the final stage of production of TiO, and characterized by large power consumption. The general scien-
tific problem is to reduce the cost of thermal energy in the drying process. We know that it is spent on drying up to
25 % of global energy production. In modern conditions where increased energy use and, consequently, there is
shortage of energy resources increasingly urgent question raised energy efficiency. Despite the already established
principles of energy saving technology and drying technology, there is no unique solution implementation. There-
fore the problem of solving problems of heat energy in obtaining dry fine powders is the actual goal and forms these
studies.

Drying is a transient and a thermo-diffitsion process where moisture content of material temperature and coolant
change over time, so the development of optimal regimes drying and rational designs dryers should be aware of the
specific kinetic laws governing the process and conditions of the simulation.

The calculation of the mathematical description of the process of final drying of fine particles of TiO, in the vortex
flow of carrier proves that the removal of moisture adsorption limiting the effectiveness of the drying process. To
intensify the drying and increased residual dry material necessary to increase the size of the heat flux drying agent.

Keywords: fine, particle, drying, model, physical model, process, powder, titanium dioxide.
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Hanionansnmuii Texniyanii yHiBepcuTer YKpainn
«KniBcpkmii nogtitexnivnmii incruryr imeni Irops Cikopcbkoro»

ONMTUMI3AIISA KOHCTPYKIII MEYE /151 TIEPEILIABKHA
AJIIOMIHIEBOI'O BPYXTY

Hageoeni pe3ynemamu po3paxyHkie eHepeemuyHol eghexmuarocmi neui micmxicmio 6 m, nomyxcnicmio 600 xBm,
ons nepeniasku amominiegozo opyxmy. Hokazano, wo samina mennoizonayii 3 ninodiamomima Ha cunikam Kaivyis,
a MAKONC GIAUMYBAHHA 080X opKaMep 3aMicmb OOHIE] Ma 3MEeHUEHHI MepMity ix 8IOKpUmMms npu3eo0ums 0o
SMEHUIEHHS GUMPam MenJomuy 6 Yurii niagky npubausHo y 2 pasu. BUKOHAHI po3paxyHKu eHepeemuuHoi ma exo-
HOMIYHOI eqheKmusHoCmi nepesody neyi 3 eneKmpuiHo20 HASPI8Y HA 2a308Ull, NPU YbOMY OJi 2308020 HAZPIGY -
mpamu 3meHuyiomoca Ha 9—10 % nopisnarno 3 enexmpuunum. Po3pobnena koHempykyia neyi 3 HaxuleHum cKie-
NIHHAM, OJ1A AKOI NOPIGHAHO 3 MPAOUYITIHUM 3MEHULYEMbCA MepMiH nuasku y cepeoHvomy Ha 11 %, a KK/ niosu-
wyemoes Ha 7 %6.

Knwuoei cnoea: niu, amominicguii 6pyxm, 020pOOICEHHA, MeNNoI30NaYid, MePMIH NIAGKU, MeNnioma, eHepeemuyHA
eqhexmugnicmy, enexmpuynuii i 2azoeuii Haepie, KKJJ.

© IManos €. M., bosxkerko M. @, Jlanunenko C. B., bosmwiscskuit B. I1., 2017.

MocranoBka mpoGieMn Ta aHAMI3 MoOMepeTHix Aoc/iukenb. CramioHapHI medi, SKi CIOPYIKYIOTHCA HA
AMOMIHIEBHX 3aBOJAX AT IIEPEIUIABKY ANFOMIHIEBOTO OPYXTY, KOHCTPYKTHBHO HE BiAPI3HIOTHCS BiJl MIKCEPIB LA
TIPUTOTYBAHHS O JIUTTS AMOMIiHI0 abo Horo cmasis [ 1-4]. Taki meui MOKyTh IIPAIIOBATH HA ABOX BHIAX 00IrpiBy
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— CJIEKTPUYHOMY Ta Tra3oBoMy. PoOoumii mpocTip medi BUKOHAHWK V BUTILAL (PyTEpoBaHOI MPAMOKYTHOI KaMEpH 3
TOTUHOIO, OOKOBHMH 1 TOPILOBHMH CTIHKAMH Ta CKJICHiHHAM. Kamepa Mae 1IBi 30HH. HIDKHIO, AC 3HAXOAMTHCS
AMFOMIHIH TCII PO3IUIABJICHHS 3aBAHTAXKEHOTO OPYXTY, Ta BEpXHIO (0e3 po3miasy). B oxHil 3 OOKOBHX CTIHOK PO3-
TaImoBaHi (POPKAMEPH, UCPE3 SAKI 3aBAHTAKY ETHCS AMFOMIHIEBHI OPYXT 1 3HIMAETHCS MIJIAK, TA JICTKA A BUTHBAHHI
amoMiHifo. DyTepoBKka MOBEPXOHb HASBHHUX IEUcH BUKOHAHA MOCIIJOBHO 3 BOTHETPHBKHMX MartepiamiB (KOPYHA,
IIaMOT), a TEIUIOI30JIILIS — 3 MHOAIATOMITY 1 a30ecTy A OAWHM, TOPIHOBHUX 1 OOKOBHX CTIHOK, Ta MIHOJIATOMITY
1 BEpMHKYJITY 11 CKJICTI HHSL.

B poborti [5] HaBeacHA METOIMKA PO3PAXYHKY CHEPTCTHUHOTO OANAHCY MCUCH A1 MCPCIUIABKH AFOMIHIEBOTO
OpyXTy, B Pe3yJIbTaTi MOKYTh OYTH BH3HAYCHI TCPMIH IUIABKH i HCOOXITHA MOTY>KHICTh 30BHINIHIX HATPIBATBHUX
TPUCTPOIB. PO3paxyHKH BTPAT TEIMJIOTH 30BHIIIHIMA OTOPOKCHHIMH EICKTPUYHOI Ievi HASBHOI KOHCTPYKIII Mic-
TKICTIO 6 T TMOKA3AJIH, IO HAHOLIBINE IX MATOMS 3HAUCHHS XapAKTCPHO I CTANICBUX JIMCTIB, SKi 3AKPHBAOTH CTPY-
MOBIIBOIH, 1 TOBCPXOHD 3aKPUTHX (POpPKAMEP; JAJI 32 IHM TMOKAZHUKOM PO3TANIOBYHOTHCA TOPIBOBI i OOKOBI CTiH-
KM B PO3IUIABI, 11l K CTIHKHM BHIIC PIBHA PO3IUIABY, MOJMHA TA CKICIHIHHA. J{JI1 OMIHKM CHEPTeTHYHOI e()eKTHBHOCTI
mieyi OyJIM BUKOHAHI BAPiaHTHI PO3PAXYHKH, M0 BiAPIZHUTUCS BiJ 0a30BOTO BAPIaHTY 3aMIHOIO TEILIOI30IImii, po3-
MipaMHu i TepMiHOM BIAKPHUTTA (hopkamep. ITokazaHo, MmO YacTKOBA 3aMiHA TEIUTOI30BILIT 3 MHOAIATOMITA HA CHIIi-
KaT KaJbLisg B KOHCTPYKINSX ITOJWHH, CKICITIIHHS, OOKOBHUX 1 TOPIBOBHUX CTIHOK MPH3BOAUTH A0 3MCHIICHHS TCILIOB-
Tpar 4epe3 I OTOPOIKCHHS NPHOM3HO HA 25 %. Ame HalOLbmIHi ¢EKT 31 3HIDKCHHA TCIUIOBHX BTPAT AOCATAETH-
Cs1 TIPY 3MCHIICHHI o1l (hopKaMep i TEPMIHY IX BIIKPHUTTS HMPH 3HATTI NIJIAKY.

MeTor0 CTATTi € IOAABINC MiABHINCHHSA CHCPTCTHIHOT C()CKTHBHOCTI Ta YIOCKOHAJICHHA KOHCTPYKIII CTarfio-
HAPHUX TICUCH I MICPETIIABKH ATFOMiHI€BOTO OPYXTY.

Pe3yabTaru po3paxyHkiB eHeproeeKTHBHOCTI Hedi nmpu 3Mini Tenutoizoasiii. Jma Bu3HaueHoi ado 3axa-
HOI MOTY>KHOCTI TeHi (P, KBT) TEPMiH IMIABKH (BKIIFOYAE HATPIB OPYXTY A0 TCMIICPATYPH PO3ILIABICHHS, PO3ILIA-
BIICHHSI 1 IEPETPIB PO3IUIABY AIIOMIHIIO A0 pOO0Y0i TEMIIEPAaTyPH) T, TOJ, BU3HAYAETHCS 3 PIBHSIHHSI CHEPTETHIHOTO
Oanancy, T00TO

= Qi TG + Qisuas + (D55 _Qé.c; +0:,)7; )
= ,
Py, 053 —0,)+3600

A€ Qwarps O Oreperp — KUIPKICTB TCIVIOTH, IO BHTPAYAETECS HA HATPIB OPYXTy A0 TEMIEPATYPH POILIABICHHS,
HOTO POBIUIABJICHHS, IICPETPIB PO3ILIABICHOTO AMOMIHIIO TA TBEPAUX AOMIIIOK 10 poO040i TEMIIEPaTypH, BIATOBI-
AHO, KK, Oy, O .. — BTPATH TCILIOTH 4€PE3 BIAKPHTI (HJOPKAMEPH, UePE3 30BHINIHI MOBEPXHI 3aKPUTHX (OpKaMED,
BiOmOBiAHO, KBT; (g, ;; — BUTPATH TCIUIOTH HA HATPIBAHHS IOBIiTPA, IO BCMOKTYETBCA B POOOYHH MPOCTIP NEYi IPH

BimKpuTTi (popramep, KBT; 7, — TepMiH BiIKpHTTS YOpKAMEp B MEPiOz TIABKHA AT 3HATTA IITAKY, ¢; ()" - BTpa-
TH TCIUTOTH YCPE3 30BHIMIHI OTOPOHKCHHS Tieui (OOKOBI 1 TOPIBOBI CTIHKH, OJHWHY, CKICHIHHA), KBT, O, — BTpaTH
TEIJIOTH YePe3 OTBOPH, KBT.

Psta BenwrawH, mo BXoaa1h B (hopmymy (1), A7 medi MICTKICTIO 6 T HE 3a7€KaTh BiJ 3MIHH TEILTO130JIII11, TOMY
ix 6pamu 3a amazoriero 3 [5]. Lle, 30xkpeMa; Ouarp = 3.26:10° &Ik, Oy = 1.94-10° kI, Opeperp = 0.574-10° ]Ik,
Oss = 4.3 KBT, Op, = 258 kBT, Q4 = 754 BT (114 0HOTO 3 HAHKPAIIMX BapiaHTiB MPH MOJAEPHizawLii meyi — ABi
(opxamepu pozmipamu 1o 2 X 1, Mm”); O, = 1,2 kBt (ays1 posmipy orsopy 0,13x 0,13 M X m).

Jns Termoi30AuiHHAX MAPiB TCUi MOPIBHAHO 3 0a30BOI0 Ta 3MIHCHOK) KOHCTPYKUILAMH [5] MOBHICTIO 3aMiHC-
HHUH a30e€CTOBUI KAPTOH HA MIHEPAIbHY BaTy, TAKOK Y JACSIKHX BHIIAJKAX 3MCHIICHA TOBIIMHA MIHOIIATOMHUTA 1 301-
JBIICHA TOBIHHA CHITIKATY KAJBIIA.

TenmoBi BTpaTH OTOPOKCHHAMHE PO3PAXOBYBAIH 3a OKPEMOI0 MPorpaMoro, po3podaenoro B HJLL «Pecypco-
30epiratodi TexHomorii» KI1I im. Irops CikopceKkoro, mo, 30KpeMa, BpaXoBy€ 3MiHY TEILIONPOBITHOCTI (yTEepOBOU-
HO-TEIUTOI30/LIIIHAX MapiB YHACTIAOK MPOCOYYBAHHA iX PO3IIIABOM AMIOMIHIFO. Pe3ysibTaTH pO3paxyHKIB AIIL
€JIEKTPUYHOTO Ta ra30BOTO HATPiBY NE4i HaBeACHI B TaOi. 1, IpM mpOMYy AiiCHI TEIUTOBI BTPATH OTOPOIKCHHIMHU
301mpIIeH] B 1,5 pa3u MOPiBHAHO 3 TEOPSTHYHUMHE YHACIITOK 3MIHH BIACTHBOCTEH MaTepialiB YIPOIOBK EKCIULY a-
Tauii [5]. Takok pu BU3HAYCHHI BTPAT TEIUIOTH 3 MOBEPXHI CTAJEBUX JIUCTIB, IO 3aKPHBAIOTH CTPYMOBIIBOIN IIPH
CNCKTPHYHOMY HATPIBY, TEMICparypy iX 30BHimHBOI mosepxHi (200 °C) Ta TyCTHHY TEIIOBOTO MOTOKY (3695
B1/M°) 6panu 3a po3paxyHKaMH [5].

AHani3 pe3yabTaTiB PO3paxyHKiB MOKA3Ye€, MO IPH ra30BOMY HATrpiBY TEIJIOBI BTPATH OTOPOLKEHHIMH MOJEP-
Hi30BaHOi medi 3MCHIIHTUCS HAa 40 % TOPIBHAHO 3 CICKTPHYHHM.. L[¢ MOACHIOETHCH BIACYTHICTIO HPH Ta30BOMY
HArpiBy CTAJCBHX JIUCTIB, MO 3aKPHBAIOTh CTPYMOBIABOAM IPH CICKTPHIHOMY HarpiBy. JlIHCHI CyMapHi TEILIOBI
BTPATH TMPH CICKTPHIHOMY HATPIBY B MOPIBHAHHI 3 0a30BHM BapiaHTOM 3MCHIIHIHNCSA HA 39 %, 1 MOPIBHAHO 3 HAH-
KpammM MOJICpHI30BaHNM BapianToM [5] —Ha 9 %.
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Taxum urHOM, 00UHCICHHH 32 (popMy oo (1) TCPMiH IUIABKH JI1 MOACPHI30BAHOI MUl MOTYKHICTIO 600 KBT
CKIaB T, = 3,92 1o mpH eICKTPUIHOMY HATPIBY (BUTOTOBICHHS HArpiBAa4iB 3 HIXPOMOBOI CTpiukm) i T, = 3,78 rox
Tpu Ta30BOMY HarpiBy. [Ipu 30LTMICHHI BCTAHOBICHOI MOTY>KHOCTI mieui A0 1000 kBT TepMmiH mmaBku ckmagae 2,25
TOJ IIPH EICKTPUYHOMY HArpiBy (BHTOTOBJICHHS HarpiBauis 3i craxi EM-626) 1 2,2 rox npu ra3oBOMy Harpisy.

Jlns nedi HAABHOI KOHCTPYKLi NP BEMMYMHI BTPAT TEILIOTH YePe3 30BHIHI oropokenns (") 91, 4 kBt

TIPH eJCKTPHIHOMY HATpiBY i 72,1 KBT mpH ra3oBoMy, TepMiHy BiAKpHTTA OmHiel (hopkaMepH posmipom 4 X 1, M
TPH 3HATTI NLIAKY B 1 TOA, Ta TaKHX K¢ K 1 A1 MOJACPHI30BAHOTO BapiaHTa ICi iHMIMX BSIHYHHAX, IO BXOIATH
10 (opmymnu (1), TepMiH MIaBKU CKIaaas 5,15 roa npu eneKTpUIHOMY HArpiBy 14,96 Tox — IMPH ra30BOMY.

Y nopiBHSAHHI 3 0a30BHM BapiaHTOM IS 3MIHCHOI TEIUTO130 11T, HATIPUKIAA, TIPH E€JICKTPHIHOMY HArpiBy Te-
PMiH ITABKH 3MEHIIMBCS HA 28 %, 1 MOPIBHIHO 3 HAWKPAIMM MOJCPHI30BaHUM BapianToM [5] — Ha 2 %.

Burpars TermoTH Ha KOMIICHCALIO BTPAT OTOPOLKECHHAMHE Nieyi, KBT'To, BU3HA4Yamu 3a GOopMyIor0

QB.T = ZQBTp.iTi °

A€ Oyrp;— AIHCHI BTPATH TEILUTOTH YEPE3 OKPEMI OTOPOKEHHA, KBT; T;,— TePMiH IIABKH, TO/.

Pesynbrat po3paxyHkis (Tabx. 2) MOKA3yIOTh, IO MPH CACKTPHYHOMY HATPIiBY IPH BCTAHOBICHIH MOTYKHOCTI
meui 600 kBT i1 MoAepHI30BaHOT KOHCTPYKILI (TTPH 3MiHI TCIUTOI30IIITHEX MAPIB Ta BIAMITYBAHHI IBOX (pOpKa-
Mep posMipamu 1o 2 X 1, M°, 3 TepMiHOM iX BiTkpuTTa o 30 XB. KOKHA) MOPIBHAHO 3 6A30BOK0 KOHCTPYKII€IO TETI-
noi30mANii Ta OHIEF0 POPKAMEPOIO PO3MIPOM 4 X 1, M°, 3 TepMiHOM ii BiIKpHTTA G0 XB., BUTPATH TEIUIOTH 3MEH-
IvTHCs prOIK3HO Ha 66 %. [1pu bOMy 3MEHIICHHS BUTPAT TEIIOTH BiAOyoca Ha 45 % 3a paXyHOK 3MCHIICHHS
TepMiHy BiAKpHTTS (opkamep i Ha 21 % — 3a paXyHOK 3MiHH TCIUTOI30AMIHHAX mapiB. [ 3MiHCHOI KOHCTPYKIIi
Tiedi MPY Ta30BOMY HATPIiBI MOPIBHIHO 3 CJICKTPUYHUM BHTPATH TEIUIOTH HA KOMIICHCAIIIO BTPAT OTOPOLKCHHIMHI
aMeHmuIucs Ha 9 %. TakuMm 4YMHOM, TA30BHH HATPIB TEUi 3 CHEPIECTHIHOI TOUKH 30py € OLmbIn e(EKTHBHUM HDK
CICKTPUYHUIL.

Oninka exoHOMIYHOT e()eKTHBHOCTI MEPeBoIy meveii 3 eJICKTPIYHOT0 HA razoBmil HarpiB. [Ipu enekrpmi-
HOMY HArpiBy Ile4i BUTPATa HA CICKTPUYHY CHEPTiF0 B MUK IUIABKH, TPH/IHUKIL, 3 YPaXyBaHHIM TCPMiHY BUTPHMKH
PO3IIIABY TA JUTTA AMIOMIiHIEBHX BHPOOIB (T,), BU3HAYAETHCS 32 (POPMyIIOF0

B, =| Bz +(0m"+0,)z, |1, @)
ne L, — Bapricts 1 kBT'TOx enekTpoeHeprii, TpH.
Bepemo t,= 1 rox, 11, = 1,29 rpu / kBT°'r0oA, TOAl A4 medi 3MiHEHOT KOHCTPYKIIT moTyskHicTio 600 KBT 3 ypa-

XYBAHHAM BH3HAYCHMX BHINC BETMYMH T,, (o

b+ Jor STLTHO 3 (HOPMYIIOR0 (2) BHTpATA HA CICKTPHYHY CHCPIIO

ckmanae B.= 3115 rpu / nukm.
[Tpu ra3oBoMy HArpiBy BHTPATa HA MPUPOIHAHN Ta3 B MUK IJIABKH, TPH/IHMKI, TAKOXK 3 YPAXYBAHHAM TEPMIHY
BHTPUMKH PO3ILJIABY TA JIHTTS ATFOMIHIEBHX BHPOOIB (T,;), BU3HAYAETHCS 3a (POPMYIIOI0

B, :fn:n[g“rr (05 +0, )z, [3600-11, 3)

e K, — xoe(himeHT HEPIBHOMIPHOCTI BUTPATH MATHBA (I MCUCH mepioamaHOi aii mopisHIoE 1,2 — 2,0; ama meuch
6esmepepsroi aii — 1,1 — 1,2); OF — HIKYa TEIUIOTA 3TOPSHHS PHPOIHOTO T3y HA CyXy Macy, kJIk / M My — KO-
e(illieHT BUKOPHCTAHHS MaTHBA; L], — BapTicTh 1 M’ NPHPOIHOTO Ta3y, IPH.

Taoms 1 — Buxinni xani i pe3yabpTarn po3paxyHKiB TEMIOBHX BTPAT OTOPO/KEHHIMHA
nedvi 3MiHeHOT KOHCTPYKITT

Marepiaau/TOBIMUHA TIAPiB (MM) Tenmosi
OropomkeHHS Ho;efﬁm 1 D 3 1 5 3 Brparu O.
i KBt
K |jmm | m | op ek | MB
Tomana 70.3 250 | 70 230 180 | 300 | 20 9,63
CrreniHeA 72,7 o oA ALY B MB - 7,78
65 65 600 228 20
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Marepiaau/TOBIMUHA TIAPIB (MM) Tenmosi
OropomkeHHS Hosep>2<H;1 1 D 3 1 5 3 Brparu O.
Foum
kBt
BoxkoBa 3a1HS CTiHKA B 36 K j§iii giig i CK MB 0.53
po3maBsi ’ 250 50 230 180 270 20 ’
Topuosa cTiHKa B PO3I- 14 K TI1 puig I CK MB 0.26
nasi ’ 250 70 115 115 230 20 ’
TopII0Ba CTIHKA BHIIC 18.4 giig CK MB i i i 237
po3ILIaBy 295 485 20
BOKOBi CTiHKM BHIIE 21,9() jing CK MB ) ) 3,07(e)
PO3ILIaBY 27,8(r) 295 440 20 3,91(r)
TeopeTHuHi TCIIOBI 188,3(c) 23,64(¢c)
srparu, O, 194, 2(r) i 24, 43(r)

3akpuTi gopxmepn, 40 ) 43
b3

>

Cranesi JIHCTH, IO 3a-

X 5,9() 21,8(e)
KPHBAIOTh CTPYMOBIIBO- -
i, O 0(r) 0(r)
JlificHI cyMMapHi Ter-
JIOBi BTPaTH OrOPOIKEH- 198.2 i 61,56(c)
HSIMH, BS:;H 41,02(r)

YmoBHi no3HaueHHA: K — KOpyHA0Ba BorHeTpuBKA 1eraa; [T — nopomok mamorHumit, 111 — mamor; 1] —
niHomiaromit; CK — cuimikar kansiuito; MB — MiHepanbHa BaTa;, B — BEpMUKYTIT.
€ — CNCKTPHYHUH HArPiB; T — Ta30BUH HATPIB.

Tao s 2 — Po3noaisn BUTPAT TEMUIOTH /JTSI KOMITEHCATTHT BTPAT Yepe3 0ropo;LKeHHs JUIsI Tiedi MICTKICTIO 6 T
B IIMKJTi IVIABKY A7IOMiHIEBOTO OPYXTY NMPH BCTaHOBJEHiil motyxHocTi 600 kBT

[NosepxHs Mikcepa 3HAYCHHS BUTPAT TEIUIOTH I BAPIAHTIB
Bbazosa 3MiHCHA 3MiHCHA

KOHCTPYKIIA (€) KOHCTPYKIIA (€) KOHCTPYKIIA (T)

KBT-rOI % KBT-TOX % kBTt-rog %

IMoxuua 139,8 9.4 56,6 7.5 54,6 8,0
BoKoBi 1 TOPIBOBI CTIHKH 224.9 15,1 138.0 18,4 76,9 11,2
CrIICniHEA 106,6 7,2 458 6,1 441 6.4
BiaxpuTi opramepu 1012 67,9 506 67,4 506 73,7
OTtBOpH 6,2 0.4 4,7 0,6 4,5 0,7

Bceroro 1489.5 100 751,1 100 686,1 100

KoepimieHT BUKOPHUCTAHHA MANKBA [TOB I3aHAH 3 BTPATAMH TEIDIOTH 3 JUMOBHMH Ta3aMH, IO BIAXOITh, a Ta-
KO>K BTPATaAMH TEIUIOTH BiJl XIMIMHOTO HEJOMIAIY.

[Tpuiimaroun BTpaTH TEIJIOTH BiX XIMIYHOTO HEAOMANY UL Ta30MOJIOHOTO MANHBA TAKHMHU, IO JOPIBHIOKOTH
HYJIFO, BH3HAYAETHCS KOC(ii€HT BHKOPUCTAHHS MATNBA

Nsx = (100 — ¢,)/100,
IIC g, — BTPATH TCILIOTH 3 JUMOBHMH Ta3aMH, IO BiIX0aqTh, %o.

BemmumHa g,, %, BH3HAYAETHCS 32 HACTYITHOXO (hopMy 1010 [6]

m— 3()
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@B B tH
100
Je m 1 1 — MOCTIHHI KOe(imieHTH, SKI A1 MPUPOTHOTO ra3y ckmamaroTh 0.9 i 3,25 BiAmoBigHO: o, — KoedimieHT
HAUTMIIKY TOBITPSI 3 YPaXyBaHHAM IIACMOKTYBAHHS (I[P CHIAMFOBAHHI MPUPOIHOTO raszy o, = 1,10); 6, — remmepa-
Typa AMMOBHX Ta3iB, MO BiaBoaAThCA, °C (HaNpHKJIAL, ii MOKHA pHHHATH O, = £, + 100, °C, ne f,, — pobo4a TeM-

meparypa B MiKCepi, IPH AKIH 31 HCHIOETHCS TUTTS AMIOMIHII0); £, — TEMIIEPATypa HABKOJIMIMHLOTO MOBITPsL, °C.

92 = (m + noy)

>

Ipu t,, = 700 °C; t,,= 20 °C BemuumHa ¢, = 35 %, a koe(ilicHT BUKOPHUCTAHHA MAHBA 1, , = 0,65.

Bepemo K, = 1,2; OF=37560 x LK/ (s rasonposoay Cepenns Asis — Llentp); I, = 6,879 tpr / M aaa mei
moTy>kHICTIO 600 KBT 3 ypaxXyBaHHAM BH3HAUCHUX BHIIC BSIIMYHH, MO BXOAATH B (popMmyny (3), BUTpaTa HA IPHPO-
xHAH ra3 ckmane B, = 2800 rpr/mukL.

TakuM YMHOM BHUKOPHCTAHHS Ta30BOTO HATPIBY MOPIBHAHO 3 CICKTPHYHAM CKOHOMIYHO OimbIn €()eKTHBHO,
OCKIITbKHM BUTPATH HA MIPUPOTHHUHN Ta3 B NUKII MJIABKHU U1 MOJACPHI30BAHOI Meyi NOTYXHICTIO 600 KBT 3MEHIIYIOTh-
cst mpubm3HO Ha 10 %.

AHanoTiyHI PO3paxXyHKH BHKOHAHI I A Iedi HASBHOI KOHCTPYKIIi. IPH IOMY BHTPAaTa Ha CJICKTPOCHEPTIO
ckiane 4100 rpu/muk, a Ha TpuUpoaHMH a3 — 3700 rpr/mukr. TakuM YMHOM 1 A1 Myl HasIBHOI KOHCTPYKIII TIpH
BHKOPHCTAHHI TA30BOTO HATPiBY CKOHOMIYHI BUTPATH 3MCHIIYIOTHCS Ha 10 Y.

Po3podka yrockoHaseHoi KOHCTPYKNil medi. EHepreTndHa e()eKTHBHICTE POOOTH TEdi XapaKTCPH3YETHCS
koedimentom kopucuoi aii (KK/) Ta TepMiHOM IIABKH.

KK neui, %, BU3HAYAETHCA 3a (POPMYJIOFO

N = (Qxop/ Prer) 100,

A€ Oyop—TEMNOTA, O KOPHCHO BHKOPHCTOBYETHCA B IeHi, KBT.

QKOp = PBCT_ QBTpD
A€ Oyrp — CYMApH1 BTPATH TEIIOTH B Tevi, KBT.

m m
T
B

30BH 7- 7
QBTP = (QBTP _Q(b.s ) +Q0 +Q(b.3 r +Q(b.}3 f
IMopsn 3 TakuMm (pakTopoM, SIK BTPATH TEIIOTH, HA TepMiH 1uiaBku i KK/, oueBnano, Oyae BIUMBATH 1 00" €M
miedi (BHY TPIIIHIH Ta 30BHIIIHIN) P 3aJaHIH MICTKOCTI IO AIIFOMIHIFO.

BBeIeMO TOHATTA TAK 3BAHOI KOPHCHOI TEIIOBOI HAPYTH POGOYOTo MPOCTOPyY medi (q,. KBT/M’) — I BeTi4u-
HA BUKOPHUCTOBY €ThCS, HAPUKIIA, IIPH aHATi31 pOOOTH TOMIOYHMX KaMep KOTIIB.

qy= QKOp/ VBH °
Je V3 — BHYTPIIIHIN 00’ €M po00Y0TO MPOCTOPY TeHi, M.
KimbkicTs Temmotn, kK, 1Ka BHKOPHCTOBYETHCS B MCHi KOPHCHO, BU3HAYAETHCA 32 (DOPMY JIOO

QKOp T QHarp + Qrm + Qneperp

3 iHmMmoTo OOKY, I K KUTBKICTh TCILIOTH MOKe OyTH BU3HAYUCHA 13 CIIBBITHOMIICHHS
QKOpT = A QV T Van 3600: (4)

Je A — mapaMeTp, AKHH 3aNCKUTh BiT KOHCTPYKTHBHHX 1 TEMIO(I3HIHHX BIACTHBOCTEH (DyTEpOBOYHO-
TEIIOI30IIHHAX MATEPIANIB TA TEMIICPATYPHO-TCIUIOBHX YMOB IPOBESICHHS IUIABKH, V,; — 00°€M amOMiHIEBOTO
OpYyXTy, IO 3aBAHTAKYETHCS B IIY, M.

Van = Man ! Pans

7€ My — MACA ATFOMIHIEBOTO GPYXTY, KT, Py — TYCTHHA ATFOMIHIFO, KT / M.

Tt M, = 6000 Kr Ta p,, = 2650 kr / M Benmumnua V,, = 2,264 v™.

CriBBigHOIICHHS (4) B KIHIIEBOMY IICYMKY BHKOPHCTOBYETHCS JUISI BU3HAUCHHS TEPMiHY IUIABKH T, 3MCH-
IICHHA SKOTO MOKE OYTH JOCATHYTO NpH 301MBIICHHI KOPHCHOI TCIIOBOI HANPYTH POOOYOTO MPOCTOPY IMedi ¢, 3a
PaxyHOK 3MEHIICHHS BHYTPIIIHBOTO 00 €My V3, (OMB. PHC., 16 HABEICHA KOHCTPYKIIS MIKCEPA 3 HAXWJICHHM CKJIC-
THHAM).

JI1s1 epeBipKH BIPHOCTI BU3HAYCHHS TEPMIHY IUIABKH AJTIOMIHIFO 32 ()OPMYJIOF0 (4) CKOPHCTAEMOCSI 1HIIIOI0 METO M-
KOFO, BHKOPHCTOBYFOUH PiBHAHHA CHSPToOAIAHCY BITHOCHO KOPHCHOI BUTPATH KLTBKOCTI TCIUIOTH B TIC4i, TOOTO

QKOp T (PBCT - QBTp) 73600 (5)

3] —
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€ Vigy 1 Viy— 30BHIIIHI 00’ €MH MSUi 3 HAXHWJICHUM CKIICTIHHAM Ta HASBHOT KOHCTPYKIII BiIMOBITHO, M

Po3paxyHkn 171 medi HasIBHOI KOHCTPYKIGI Ta 31 3MIHCHOIO TEIIIOI30JLAMIEI0 3 THIIOBUM Ta HAXWMJICHUM CKIIC-
TI{HHAM IIPH Fa30BOMY HArpiBy HaBeAcHI B a0 3. I1pu nmpoMy 3a KPECICHHIMH BH3HAYAIN BHYTPIIIHIN Ta 30BHIII-
Hifl 00 €MH TICYi: TIPH THIOBOMY CKJICHiHHI — V= 71 M, V=265 M° (OZHAKOBI [T HASBHOI KOHCTPYKIIi Ta 3i
3MiHCHOO TCIIOI30ALI€I0); P HAXHICHOMY CKICHHHI — V. = 55.8 M, Vi, = 232 M° (OJHAKOBI 17151 HAABHOI
KOHCTPYKIIi Ta 31 3MIHEHOIO TEIUIO130JIIi€r0). [Tapamerp A ams medi HaTBHOI KOHCTPYKIII 1 31 3MIHEHOO TEIUIOI30-
JUIMI €0 BU3HAYAIM IPH THIIOBOMY CKJICHiHHI 32 popMyIoro (4), B AKiH TepMiH Iasku T Opanu 4,96 rox amsi meui
HASIBHOT KOHCTPYKIII 1 3,78 rox — 31 3MIHEHOIO TEIUTO130/LILIER0; UL MEUi 3 HAXWJICHUM CKJICIIHHAM IIEH mapaMeTp
Opamu aHOJIOTIMHEM /T KOJKHOTO 3 BAPiaHTiB BiAnoBinHo. Bemmumna £, = 850 °C, a .o, = 20 °C.

Tao s 3 — IopiBHANLHI XapaKTEPHCTHKH eHepreTnHol epeKTHBHOCTI neveii nory:kHicTio 600 kBr

BazoBa KOHCTPYKIiA 31 3MIHCHOFO TCIUIO130JIAIIERD
HatliMmcHyBaHHA BETHYHHI Tunose Haxunene Tunose Haxunene
CKIICTIHHSA CKJICTIHHSA CKJICTIHHSA CKIICTIHHSA
KopucHo BukoprcTana Temiota Oy, ., KJIK 5,774:10°
CymapHi BrpaTi TemIoTH Oyrpp, KBT 276,5 227 175,7 144 4
KopwucHa motyx#HICTh €4l Oyop, KBT 323.5 373 4243 4556
KopucHa Teriosa Hanmpyra 1%06oqoro 4,56 6.68 5.98 $.16
TPOCTOPY ¢, KBT/M
IMapamerp A 31,3 31,3
Tirona R /’(‘;Eﬁ;epmmm Qe 1,2610° 1,18:10° 0,8-10° 0,75:10°
TepMiH IIABKH T, TOX 4,96 - 3,78
- (hopmyma (4) - 3,40 - 2,80
- (hopmyma (5) - 4,30 - 3,50
KK/ meui, % 53,9 62,1 69,7 75,9

3 OTpHMAHHX PO3PAXYHKIB BHAHO, IO A TCUi 0a30B01 KOHCTPYKIUII 3 HAXHICHHM CKJICTIIHHSAM TOPIBHAHO 3 TH-
TMOBHM TCPMiH TUIABKH MiHIMATBHO 3MCHIMYETHCA HA 14 %, a KK/ 30impnryerscs Ha 8,2 %. LI moka3sHHKH J714 el
31 3MIHCHOFO TEIJIOI30JIAIIER0 CKIATAK0Th 8 1 6,2 % BiAMOBIAHO.

BucHoBkn

1. IloHa 200 YacTKOBA 3aMiHA TEILTOI30JLILII 3 MMIHOAIATOMITA HA CHIIIKAT KAIBIIs, 4 TAKOK BIAIITYBAHHA JBOX
(hopkamep 3aMiCTh OaHi€l (MPU OJHAKOBIH IUIOII) 31 3MEHIICHHM TEPMIHY X BIAKPUTTA y 2 pasu, MPH3BOIATH 110
3MEHIICHHS BUTPAT TCIUIOTH B WK IUIABKY AIFOMIHIEBOTO OPYXTY, HANIPHUKIAZ, IIPH CICKTPUYHOMY HArpiBy, IpH-
Omm3HO Ha 66 %.

2. J1ast MOZIEPHI30BAHO]I TIedi 31 3MIHEHOO TEIUIOI30/LIIIER0 IIPH TA30BOMY HArPIBY BUTPATH TCIUIOTH HA KOMIICH-
CAIlifO BTPAT OTOPOHKECHHAMH 3MCHINYIOTHCA Ha 9 % MOPIBHAHO 3 €NCKTPHIHAM HATPIBOM.

3. IepeseneHns nedi 6230801 KOHCTPYKIII 1 31 3MIHEHOIO TEIUIOI30JLIIEI0 3 CICKTPHYIHOTO HATPiBY HA TA30BHH
CIpHsI€ 3MCHIICHHIO €KCIUTYaTallHHIX BUTPAT B UK IDIaBKA MpuOm3HO Ha 10 %.

4. CTBOpEHHS eyl 3 HAXUICHAM CKJCIIHHAM MOPIBHAHO 3 TPAJWIIHHIM IPH3BOAMUTb IO 3MCHIICHHS TCPMIHY
maasku Ha 8—14 % ta migsumennro KK/ Ha 6,2-8.2 %
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Panov E. M., Bozhenko M. F., Danilenko S. V., Boianivskyi V. P
OPTIMIZATION OF FURNACES DESIGN FOR MELTING ALUMINIUM SCRAP

There are results of furnace energy efficiency calculations with a capacity of 6 tons and 600 kW power, for melting
aluminum scrap. Designated heat loss by external protections and power consumption to their compensation, the
melting term and efficiency of basic and modernized furnace design at electric and gas heating. It is shown that the
upgraded structure (the replacement of thermal insulation on pinodiatomita calcium silicate) thermal losses protec-
tions under heating gas decreased by 40 % compared to electric. It is explained by the lack of gas in the heating of
steel sheets that cover the current lead with electric heating. Valid total thermal losses, such as electric heating in
compared with the baseline option decreased by 39 %. When replacing thermal insulation in modernized design
and setting two prechambers size of 2 x 1 m°, for a period of the opening 30 minutes, each compared to the basic
design of the thermal insulation and one prechamber size 4 x 1 m°, for a period of the opening 60 minutes, heat con-
sumption decreased by 66 %. The decrease in spending of heat was 45 % due to reduction of the opening precham-
bers and 21 % — by changing the insulating layers. For the modernized design of the furnace at the gas heating
compared with electric the heat consumption for compensation of protection losses decreased by 9 %, otherwise
speaking gas heating furnace from the energy point of view is more efficient than electric. The melting term of mod-
ernized furnace 600 kW was 3,92 hrs. at electric heating (production of heaters nichrome tape) and 3,78 hrs. at the
gas heating furnace and for existing designs these indicators made up to 5,15 and 4,95 hrs., respectively. By in-
creasing the installed capacity of the modernized furnace to 1000 kW melting period is 2,25 hrs. at electric heating
(heaters manufacturing steel EY-626) and 2,2 hours at gas heating. There are made calculations of economic effi-
ciency transfer furnace of electric to gas heating. It is shown that the today tariffs in Ukraine for electricity and
natural gas for modernized furnace designs 600 kW of electricity expense in one cycle of melting aluminum scrap is
3115 UAH and gas — 2800 UAH. For furnaces existing design this figures are 4100 and 3700 UAH respectively,
that use gas heating in compared to the electric economically more efficiently because operating costs for natural
gas in the cycle of melting for modernized and existing furnace 600 kW decreased by approximately 9—10 % com-
pared to the cost of electricity. It is established that the melting term of furnace efficiency at the given capacity of
aluminum, along with heat losses, and affect its volume (internal and external). In the analysis was using values of
so-called usefil thermal tension of working space and the specific thermal characteristics of firnace. The design of
the inclined furnace arch, for which the internal volume reduced from 71 to 55,8 m> and external — from 265 to 232
m’. It is shown that the inclined furnace arch with altered thermal insulation with gas heating in compared with
typical arches of the total heat losses decreased from 175,5 to 144,4 kW. Useful furnace power increased from
424,3 to 455,6 kW. Useful thermal tension workspace increased from 5,98 to 8,16 Wim®, melting period decreased
on average by 11 % and the efficiency fiurnaces increased by 7 %.

Keywords: furnace, aluminum scrap, enclosure, thermal insulation, melting term, heat, energy and economic effi-
ciency, electric and gas heating, useful thermal tension, specific thermal characteristic, efficiency.
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