Jlow cyclone. The main objective of the research is in theoretical analysis of motion of the gas flow in the working
zone system and the impact of structural parameters on energy costs for its work. We solve this problem by using a
computer program Solid Works software package Flow Simulation.

The presented method of calculating the hydraulic resistance will significantly save time on designing cyclones
equipment and pre discard unsuccessful designs initially.

Based on the theoretically determined by Flow Simulation hydraulic resistance calculated coefficient of
hydraulic resistance system and a preliminary assessment of energy costs for the cleaning process. Comparative
analysis of the energy cost of the cleaning process shows high ef fectiveness of the proposed design of the cyclone.

The results can be used in engineering practice in the design of new and modernization of existing equipment

pyloochysnoho pryamotechiynoyu zone separation.
Keywords: hydraulic resistance cyclone, uniflow
analysis of the energy cost of the cyclone
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B cmammi posenanymo  Mmoorcaueuil
eKoHOMIMHUY ma exooziunuil epexm 6i0 ecma-
HOBJIEHHS NPOMINCHUX GUNPOMIHIOBAUIE i eKpa-
HYBAHHA CMIHOK NANIUEHI KOMJIA. 3aCMOCYBAHHA
NPOMINCHUX BUNPOMIHIO8AUIE NPU NPOECKMYEAHHI
i CmeopenHi onamo6aIbHUX i MAAUX NPOMUC-
JI06UX KOMJIG HA NPUPOOHOMY 2a3i 00360TUMD
3MeHWUmMU 6umpamy mMemaJsiy Ha 6UzomMo6J1eHHA
rxomaa i 36inviwumu ix KK/[

Knrouosi cnosa: nanusens, eunpominiosau,
mennooOMmin, cmynine wopHomu Qaxeny, mem-
nepamypa paxeny, mennogiodara

[m, ]

B cmamuve paccmompenvi 603M04CHbLL IKOHO-
Muveckuil u xonozuneckui appexm om ycma-
HOBKU NPOMEINCYMOUHBIX U3YHamenell U IKpa-
Hupoeéanus cmenox monku xomaa. Ilpumenenue
NPOMEINCYMOUHBIX U3TYHameeil npu npoexmu-
Posanuu u Co30aHuu OMONUMETILHBIX U MATbIX
NPOMBIUMIIEHHBIX KOMJI08 HA NPUPOOHOM 2da3e
n0360JUM YMEHLUWUNMDb PACX00 MEmAaina Ha
uzzomosnenue komaa u yeeaunums ux KII/]

Kniouesvie caosa: monxa, usayuamensw,
mennooOmen, cmenens wepHomol paxena, mem-
nepamypa (axena, mennoomoaua

u =,

cyclone, software package Flow Simulation, theoretical
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1. IlocranoBKa NpoOIEMH

2. Mera cratTi

[Ipn cmamoBaHHI TPUPOAHOTO Ta3dy NPH MaJUX
po3mipax mnanuBHi (ONMAJIOBAaJbHi KOTJIU, MPOMUCIOBI
KOTJAM MaJuX PO3MipiB) i B KOTJIaX HPH HASBHOCTI
JIBOCBITHUX €KPaHiB 3HAYEHHS CTYIeHS 4OopHOTU dake-
Jy Og € Jly’Ke MajluM i 1epeBaskHO 3HAXOAMTHCS B Me-
Kax 0;=0,15-0,25. B icHyI04MX HaJTUBHAX IIPOMDKHIMN
BUIIPOMiHIOBaYaMU € HeeKpaHOBaHi 4aCTUHU IAaJMBHI,
aMOpasypu TaJbHUKIB i T. 1., sSKi NPUAMAOTh ydacThb
y mporeci Temaoo6Miny. JK HACHiI0OK 4YacTHHA TeIJo-
TU TOPIHHA IIaJ1Ba BUKOPUCTOBYETHCA HepalliOHAJJIbHO i
TemI00OMiIH B AJWBHi € HU3BKO e(hEeKTUBHUM.

IHTeHcHpiKyBaTH TeNJI000MiH i cTabiTisyBaTu ropiHH
(hakeny B manmBHAX BOAOTPIIHUX KOTJIIB 3 TOBHUM €KPa-
HYBaHHAM CTiHOK i IIOPiBHSAHO HEBEJIMKOIO IIJIOLIEIO II0BEP-
XOHb rapsiunx aM6pasyp i yactu dbyTepyBaHHSI, HIISIXOM
BCTAHOBJIEHH ClIel[iaJIbHUX IIPOMIKHUX BUIIPOMIHIOBAYiB.

3. OcHOBHi TOJIOKEHHST

O HKUM 3 CIIOCO0IB MiABUIUTHU TEMIOOOMIH B ITaINBHi €
BBeJleHHs B 06’€M IIPOMIKHUX BUIIPOMIHIOBAYiB — TBEPAUX
TioI, AiKi HArpiTi 10 TemnepaTypu He MeHure HiK 800°C i €




TaK 3BAHUMU <«TEIJIOBUMU J3ePKajaMu», SKi MepeiaThb
BUIIPOMIHIOBAHHS OBEPXHAM HATPiBY.

[Ipomixkni BuUNpOMiHIOBa4Yi BUTOTOBJISIOTHCSI 3
BOTHECTIHKMX MaTepiaJiB 4u sKapOMIllHUX MeTaJliB abo BBO-
I4Tbed B (hakes y BUIJISIL MOPOIIKY iHEPTHOI PEYOBUHM.
Ix NPUHIAT [il TOJSiTa€ B TOMY, 110 BOHU CIPUIIMAIOTh
TEIJIO CEJEeKTUBHUM BUIIPOMIHIOBAHHAM (TLIBKU y BU3-
HAaYeHUX iHTepBajax JOBKUHU XBUJIb) i KOHBEKINEO BiJ
MPOAYKTIB 3ropsiHHA i Iepe/laloTh HOro MOBHUM CIIEKTPOM
BUIIPOMIHIOBAHHSA BOJLOOXOJIO[KYIOUUM IIOBEPXHAM, LIO
PO3TAIIOBAHI Yy MaJNBHI. 3HAXOAAYNCH y CTAIIOHAPHOMY
CTaHiMPY HE3MIHHIll TEMTIEPATY Pi, TPOMIKHI BUTTPOMIHIOBaYi
MIePEeBUIIPOMIHIOIOTH yBeCh TEIJIOBUH MOTIK, 1[0 Maja€ Ha
HUX, HA TIOBEPXHi eKPaHiB y BUIJIsAI BigOUTOrO Teria i Biac-
HOTO BUIIPOMiHIOBaHHH (puc. 1).

Ts Tex

[Ty

Puc. 1 Cxema TennioobMiHy npu HasBHOCTI NPOMIPKHOTO
BMMPOMiHIOBa4a B eKpaHOBaHiM NasivBHi

Jliss BITYUMBHSAHOI TeIJIOEHEPTeTUKY HaUWOLIbII 1ep-
CIIEKTUBHUM € 3aCTOCY BAaHHA IPOMIKHUX BUIIPOMIHIOBaYiB
IpU MNPOEKTYBAHHI i CTBOPEHHI ONAJIIOBAJIbHUX I MaJuX
MPOMHUCJIOBAX KOTJIIB HAa IIPUPOAHOMY Trasi, OCKIIbKU I
JIO3BOJIUTb 3MEHINUTU BUTPATy MeTasy Ha BUTOTOBJICH-
Ha Koria i 36inpmmTr ix KK/, Kpim Toro, ontumanbne
PO3MillleHHA MTPOMIKHUX BUIIPOMIHIOBAYIB, AKi J0AaTKOBO
3abupaiorh Ha cebe TeryaoTy, BiIHOCHO (hakesy 103BOJISIE
BHU3UTHU TEMIIEpaTypy i AK HaCHiIOK 3HU3UTU BUKUIHU
azory NOy.[1,2]

PospaxyHok TemnsooOMiHy B MaJnBHI Ta po3pobka
MeTony Horo iHnTeHcudikaiii € CKJIaJHUM 3aBJaHHIM.
OCKiIBKY B Cy4aCHUX KOTJIAX MPAKTUYHO BCi CTIHKU KOT-
Jla eKpaHoBaHi, MOKJIWBICTH 30UIBIIEHHS MTOBEPXHi CTIHOK
nmaJinBHi BificyTHs - Fe = const, ne Fe — nioma nosepxHi
€KpaHiB MaJNBHi.

PeasibHuMm € Jsiuiie 30UIbIIEHHST CTYIIEHS] YOPHOTH B
MajanuBHI - o /71 KaMepHUX TaJuBEHb, /e SIK MaJNBO
BUKOPHUCTOBYETHCA Ta3 3amumnieMo|3]:

oy = % 1
! occb+(1—oc¢)\y ’ @
ne
F 1
y=—""-=""", (2

ag — CTymiHb yopHoTu dakeny, Fy - moma mosepxui
HarpiBy MPOMIKHOTO BUIIPOMIHIOBAYA, Y - KOeII[i€eHT, 1110
BPAaxXOBY€ BiJIHOIIEHHS IIOBEPXOHb €KPaHiB /10 CyMapHOi
MOBEPXHi TenaI000MiHY.

0= F - Bi/[THOCHA I1JIOIIA I[IOBEPXHi HATPiBY

e

IIPOMIKHOTO BUIIPOMiHIOBaYa.

Takum 4yuHOM, /751 30UIBIICHHS TEIJIOBiAKAY]
HeoO6XinHo a0 30LTBIINTH CTYTHD YOPHOTH (haKea - dg,
ab0 3HUBUTH 3HAYCHHS .

CrymiHb 4opHOTH (akesy Moxe OyTH 36iMbIICHUI
LJIAXOM Oprauizauii mpouecy clajaioBaHH#A, HallpUKJIAL,
IIPU IIepeXOo/i BiA MonepeAHboro IepeMillyBaHHd rasy 3
MOBITPSIM Y MaJbHUKOBUX HPUCTPOSAX M0 AUDY3iiiHOTO
CllaJIlOBaHHS 3 IlepeMilllyBaHHSAM IaJiiBa i OKKUC/I0BaYya B
o6’emi masmBHi. 3a3BUYail, Ipu Mepexoi 10 AuQysiiiHoro
CHAJIIOBAHHS PiBeHb MAKCUMaJbHUX TeMIepatyp y pakei
BHUKYETHCA, OJHAK, 3arajibHa TeILJIOBijada, BHACJIJOK
36LIbIIEHHsT CTyHEeHsT YOpHOTH (hakesaa 30UIBIIYETHCS
MOPIBHAHO 3 TEIJIOBiJa4yeio 3Buuaiinoro ¢akemua, 10
OTPUMYETLCA I[IPU IIOIEPeJHbOMY 3MilllyBaHHi rasy 3
TTOBITPAM (B 3aJI€;KHOCTI Bi/l PIBHS TeMIIepaTyp).

Bigznauumo, 1o 1714 3HMKEHHS PiBHSA BUKU/IIB OKCULY
azoTy B dhaxesi cJijl BilaTy 11epeBary BUIIPOMiHIOBaYaM,
1[0 BBOAUTHCSA HE3MOCEPEHBO B 30HY FOPiHHS (3HUKEHHS
v

Metoanka po3paxyHKY MPOMDKHUX BHUIIPOMIHIOBAUiB
MOJIATA€ Y BU3HAYEHHI IPUPOCTY BUIUMOr0 KoedilieHTa
IIPOMEHEBOTO BUIIPOMIHIOBAHHSA MAJUBHI IIPU HAABHOCTI
HPOMIKHOIO BHUIpOMiHIOBada. Y TemnuooOMiHi 6GepyTh
ydacThb (akes, BOJOOXOJIO/IKYBAIOYl TTOBEPXHI i MPOMIKHI
BUIIPOMiIHIOBaYi.

CkJaBIIu PiBHSAHHS TENJOBUX TMOTOKIB i BUPIIIUBIIN
iX OTpUMAEMO HaCTyNHUU HaOJUKEHUU BUpas s
CIIBBiZIHONIEHHS BUAMUMOTrO KoedillieHTa MpoMeHe-
BOTO BUIIPOMIHIOBAHHSI TaJIMBHI NIPU HAasIBHOCTI B Hill
[POMIZKHOIO BUIIPOMiHIOBayYa o, i 6€3 HbOTO O

52O o, +o (1+ 0))(1—0((1)) ®

o e rwi-a 1o elfi-a i

Jle O - BUIUMU T KOeDilli€EHT IPOMEHEBOTr0 BUTIPOMIHIO-
BaHHS IMaJMBHI;

¢, Qg ~CTYIiHb YOPHOTHU (paKeia i BOZOOXOJIOLKYIOU0]
IIOBEPXHI HArpiBy;

@, - KYTOBHMI KOoe(dillieHT BUIPOMIHIOBAHHS IPO-
MiKHOTO BUIIPOMiHIOBa4Ya Ha BOZOOXOJIOJKYBAJIbHY II0-
BEPXHIO; w - BIIHOIIEHHA MOBEPXHi MPOMIKHOTO BUTIPOMi-
HIOBaua /10 BOJOOXO0JO0K/AYI0U01 IOBEPXHi HAarpiBaHHs, 1110
po3MilieHa B ImajJnBHi.

IIpu omykuiit ¢popmi BunpominioBayiB eheKTUBHICTD
BILJIMBY IIPOMIKHOTO BUIIPOMiHIOBaua Ha TEIJI00OMiH cTa-
HOBUTbD:

c=1+(o(1+oc¢) . “)

3 piBHSHHS BUJHO, IO TEIJIOBifjlada B MAJUBHI 1Ipu
3aCTOCYBaHHi IMPOMIKHUX BUIIPOMIHIOBAYiB 3pOCTa€c 3
30iIbIIIEHHSAM BiIHOIIEHHS TTIOBEPXHi BUIIPOMIHIOBAYa /0
MTOBEPXHi MAJUBHI i YUM MEHIIUM € CTYTiHb YOPHOTHU da-
KeJia.



3BificM BUIJINBAE, 1[0 B MEPHIYy 4YepTy ITPOMIKHI
BUMPOMiHIOBAYi TMOTPIOHO 3aCTOCOBYBATH B MaJUBHSIX
ONMAJIIOBAJIBHUX Ta iHIIUX KOTJIB MaJUX PO3MipiB, IO
NpamnionTh Ha razosoMy namausi (ag = 0,1 - 0,2), moTim
JULST KOTJIB, 1O TPANIOI0Th Ha pigkomy majuusi. Cepemans
TeMIieparypa npomizkaoro Bunpominiosada (T, K) moxe
GyTH OTPUMAaHa 3 CIIPOIIEHOT 3aJIeKHOCTI:

T, =0T, . (5)

Hanpuksman, B HeBesJUWKill MaJUBHI MPH ap = 0,2 i
T, =1800°C cepenns Temeparypa BUITPOMIHIOBaYa CKJIa-
ne 1186 K, a6o 913°C.

¥ 3B’I3KYy 3 TUM, 1110 TPOMIKHi BUITPOMiHIOBaYi JI03BO-
JIAI0TH iHTeHcudikyBaTu BiBeJleHHs Telsia Bif dakea,
¢zl ouiKyBaTH, o Temiepatypa B dakesi Oyae 3HUKY-
BaTuCH.

[Ipn BUTOTOBJIEHH] Ta BCTAHOBJIEHHI BUIIPOMIHIOBAUiB
CJIJ JOTPUMYBATUCHA TAKUX YMOB:

- BUIIPOMiHIOBAY He€ IIOBUHEH iCTOTHO 3MiHIOBATHU
acpojMHAMiKy TOTOKY i KOHBEKTHUBHMII IIpoIliec
TeIJIOBi1aui;

- BBeJICHHSI B KaMepy ab0 BU/IaJIeHHS 3 Hel IPOMIZKHOTO
BUIIPOMiHIOBaYya He IIOBMHHO BILIUBATHU Ha TOPIHHI;

- rOpiHHS TOBUHHO OyTU [JOCTATHBO MOBHUM, I[00
BTpaTH 3 MOXKHa OYJI0 He BPaXOBYBaTH;

- MaJbHUKOBMII NPUCTPill He MoBUHEH OYTH JT0AATKO-
BUM BUIIPOMIHIOBAUEM.

Takosk Mpu KOHCTPYIOBaHHiI BUIIPOMiHIOBaYiB GakaHO
Bubuparu Taky Ghopmy, 11006 BUIPOMIHIOBAHHS CAMOTO Ha
cebGe GyJso MiHiMasbHUM. Po3MillyBaTu BUIIPOMiHIOBAY B
najuBHi HeOOXiAHO Tak, mob BiH 3aKpUBaB AKHAWMEHIIE
IIOBEPXHi HArpiBy.

CxeMu pO3MIIIIEHH I TPOMIKHUX BUTTPOMIHIOBAYiB B KOT-
gax HIICTY-5 3 ;BoMa MaJbHUKAMHU TOKa3aHi Ha puc. 2.

Puc. 2. Cxema poaMmiLLeHHs NPOMi>XKHUX BUNPOMIiHIOBaYiB B
kotni HIICTY-5 - (3 gBoMa nanbH1KamMM)

4. BucHoBKH

BceranoBieHHS TPOMIKHUX BUTTPOMIHIOBAUIB I03BOJISIE
iHTeHcupikyBaTH TEMI0OOMIH B TaJWBHi, 30iIbIINTH
remnosiggauy i KK/ koruis. Haiibinbuiuii edexr mo
306iIblIeHH] TEIIOBIAAAYI IPU 3aCTOCYBAHHI IPOMIKHUX
BUIIPOMIHIOBAYiB JOCATAETHCA B MAJUBHAX 3 HEBCIUKUM
3HAUEHHSIM CTYIeHs 4opHOTH (akeay, TOOTO B MaluB-
HAX HEBEJUKUX KOTJIB, 10 IPAalIOIOTh Ha IPUPOLHOMY
rasi. IIpu BuGopi Marepiasy BUIIPOMiHIOBadYiB MOTPIOHO
BPaxOBYBAaTHU, 1[0 BiH MOBUHEH 3a0e3M€YUTH TPUBAIY
ekcnuyaraiiitio npu cepeaniii remneparypi 800-900°C i
CYTTEBO HE 3MEHIITYBAaTH 00'€M MaTMBHi.
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Abstract

The article concerns the possible economic and environmental effects of establishing of intermediate emitters

and shielding of walls of the boiler furnace.

Intermediate emitters are made of fireproof materials or heat resistant metals or introduced into the flare as
a powder of inert substance. The principle of the emitters consists in perception of heat by selective radiation and
convection from the combustion products, and transmission it to water-cooled surfaces that are located in the fur-

nace.

The method of calculation of intermediate emitters consists in determination of the increase of the coefficient
of the furnace radiation in the presence of intermediate emitter. The heat transfer involves the participation of the

[lare, water-cooled surfaces and intermediate emitters.

The use of intermediate emitters in the design of heating and small industrial boilers on the natural gas will
reduce the metal expenditure to manufacture the boiler and increase its efficiency. In addition, the optimal loca-
tion of intermediate emitters that additionally take away the flare heat reduces temperature and NO, emissions

into the environment.

Keywords: furnace, emitter, heat exchange, degree flare blackness, flare temperature, heat transfer, coeffi-

cient of radiation, burner, nitrogen oxides



