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Cokpanienue BbIOPOCOB OKCH/OB a30Ta
B OTKPbITOM (paKeje INPHPOJHOrO rasa
Npy BBOJE BOJASHOIO Mapa B IOTOK BO3/[yXa TOpEeHHS

[IpeacTaBaeHbl pe3yabTaThl AKCIEPUMEHTANBHOTO uccaeaoBanus seojga mapa (HyO) B co-
CTaB IO/ITOTOBJIEHHON Ta30-BO3/YIIHOW cMecH, IojiaBaeMoil Ha ropenue. V3yueHno BiusiHue
mapa B CMeCH Ha yPOBEHb OKCH/IOB a30Ta B MPOAYKTaxX cropanus. ONUCaHbl METOIMKA IKC-
MEePUMEHTATbHBIX UCCJIE0OBAHNI, KOHCTPYKIINS OTHEBOW YCTAHOBKU M KOHTPOJIbHO-U3MEPH-
TeJbHAS amnmaparypa, WCIOJb30BaHHAs B ombiTaX. MccaemoBanbl 0cOOEHHOCTH CTaGUIN3a-
IUU TOPEHUS, CTPYKTypa CBOOGOJHOTO BEPTUKAIBHOTO (Dakesa B 3aBUCUMOCTH OT COCTaBa ToO-
pioueii cMecH, a TaKyKe ee Bjarocoiep:KaHusg — KoureHTpamuu HoO B mcxomHON ra3o-Bo3-
nytrHol cMecu. [IpoBenena cpaBHuTesbHAs oreHka ypoBHS NOy B OTKpBITOM (hakesie B 3a-
BUCHMOCTH OT TE€MIEPATyPhl M COCTaBa MCXOHONW CMECH TPUPOIHOTO Tasa n Bozayxa (coot-
HOIIEHHUsT «BO3/AyX : ras»). JloKazaHa BO3MOKHOCTb JBYKPATHOIO COKPAIIEHUS MaKCHUMAJb-
Hoii KoHIeHTparmn NOp.x B (dakesie 1mpu 060TAIEHNN MCXOHON Ta30-BO3AYITHONH CMeCH
mapom. buba. 23, puc.10, maéa. 1.

KmoueBble cJuoBa: atmocdepHast ropesika, BOJSHON Tap, OTHEBOH CTEH[, OKCUIBI a30Ta,
IPUPOIHBIN Ta3, YBJIAKHEHNE BO3yXa-OKWCJIUTEJS, (aKkes TOPEHU, 3KeKIMOHHAS TopeJi-

Ka C IByMA aKTUBHBIMU CTPDYSAMU.

Cokuranue TONJWBA [PU HECTEXUOMETPHUYE-
CKUX COOTHOIIEHUSX <«OKUCJIUTETb : TOILJIUBO»
(«BO3IyX : ras») UIMPOKO HCIOJIb3YETCs B yCTa-
HOBKaX — OBITOBBIX MOTPEOUTEIAX TOIJINBA. IJTO
CBSI3AHO C TEM, YTO /ISl OTOILJIEHHS TAKUX IOTpe-
6uresieil 1e€c006PA3HO UCIIOJIB30BATh HHEPTHUIO
ra3oBOil CTPyHM He TOJIbKO JIJIsi BBOJA TOILIMBA B
TOPEJIKM, HO W JIJISl 10JIa4l BO3/YXAa-OKHUCJIHTEJIST
U3 OKpy’kamoleil armocdepbl. Takas BO3MOXK-
HOCTb obecrieumBaeTcs TpaHcopMalueil sHeprun
ra3oBOro MOTOKA BHYTPH TOPEJKU C 3KEKI[NOH-
HBIM CMecHTesJeM /s o6ecriedyeHus JIBUKEHIS
o6oux komrmouneHtoB ropenusi [1-3]. Ilepsbie

KOHCTPYKI[UU Ta30BbIX TOPEJIOK, YIOMSIHYTbie B
aMepUKAHCKOU JuTeparype, ObLIM MPeICTABJIEHDI
National Bureau of Standards (Hanumonaabnoe
6opo crangapToB) u passuthl A.G.A.Laborato-
ries (AMepHKaHCKOI Ta30Boll acconuarmeit) [4].

YTto6bl yMEHBIIUTH TPEOYIOIMYIOCS HEPTUTO
BO3J/IYITHOTO TMOTOKAa B 2KEKIIMOHHON TOpEJIKe,
paGoumii pPeXKuUM JOJKEH COOTBETCTBOBATDL CIKMU-
ranuio «Goraroii» cmecu (koadduimeHT U36HIT-
Ka MEePBUYHOIO BO3/yXa JOJKEH OBbITh MeHbIe
eqnannper: A < 1,0). CremoBaTesnbHO, TIPU HTOM
obpatHast A BeqmumHa Equivalence Ratio @ =
=)x1>1,0.
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CootBercTByIOIIEe ycTpoiicTBa Tuma GyH3e-
HOBCKHUX TOPEJIOK M CXEMbl CXKUTAHUS MPEe/ICTABIIA-
IOT MHTEpPeC TaK)Ke KaK 6a30Bble IJTeMEHTBI [IJIs
u3ydeHus: o6IUX 3aKOHOMEPHOCTell TopeHus u 06-
Pa30BaHKs BPE/HDBIX BEIIECTB.

OnHO M3 BO3MOKHBIX HAIPaBJEHUH MCIOIbH30-
BaHMs MPOIECCA «BJIAKHOTO roperusi» («wet com-
bustion») — cxxuranue TormBa B BOJOHArpeBate-
JgX U OBITOBBIX KOTJaX, 060TPEBAEMBIX C MOMO-
MIbI0 «aTMOC(EPHBIX» TOPEJIOK.

ATtMocdepHbIe TOpPeaKn U 06ecreuynBaeMblil
UMU Tpollece AJS CAydas TOPEHUS TOATOTOBJIEH-
HOWl CMeCH OTJINYAI0TCSI OT TOMOYHOTO CSKUTAHUS
TeM, 4TO /I TIEPBOTO M3 TIPOIECCOB — OBITOBOTO
UCTIOTb30BAHUS Ta3a — JOKAJbHBIN K0a(hUIMeHT
n36bITKA BO3AyXa B (axese M3MEHSETCS Hempe-
PBIBHO 110 Mepe yJaJeHUd OT TOPeJKU U CJedylo-
muM 06pa3oM OTJIMYAETCS OT M3ObITKA TTEPBUYHOTO
BO3AyXa Ajpit:

A(s+ds)>n(s)>A (1)

init »
rje S — PacCTosiiue BJOJb JUHUU TOKA OT HCTOY-
HUKA TOPEHUS [IJIT CMEeCH ¢ HadyaJbHbIM Koag duiu-
€HTOM M30bITKA BO3/LyXa-OKUCIUTEIA Ajpji -

IT0 0O6YCJOBJIEHO TE€M, UYTO OOBIYHO JIJISI ATMO-
c(epHBIX TOPEJOK CIIPABEJINBO COOTHOIIEHNE:

Lamb () = idem = oo, 2)
Tle A,y COOTBETCTBYET BO3AYXY, OKPY KAIOIIEMYy
dake.

Ecsm miporiecc ropeHusi OCyIIeCTBISETCS B Orpa-
HIYEHHOHN CTEHKaMHU TOTIOYHOHN KaMmepe, OCHAICHHOM
TOPEJIKOW TIPeIBAPUTELHOTO CMETIEHUS, TO JIOKAJTb-
HbIll K0 dUIeHT n30bITKA BO3/yXa BHE U BHYTPH
(haxesa Bo BceM o6beMe KaMepbl HEM3MEHHBIH U CO-
OTBETCTBYET HCXOZHOMY Ko03(pduimenTy wus6bITKa
BO3/yXa, MMOJABAEMOT0 B TOPEJIKY:

A (s+ds) =n(s) = Ay (3)

OpHotft 13 Han6osaee 0OOCHOBAHHBIX TEXHITUE-
CKHUX MPUYHMH, 00YCJOBIUBAIONINX CIPABEITUBOCTD
ypasienus (3), ABAAETCS PENUPKYJIANHUS TTOTOKA
ropsmiero ¢akena na nepudepun (uHgexc «amb»)
TOMOYHO} Kamepbl. Kak mpaBuiio, perupKyJInpyio-
mye MPOJAYKTBl CTOPAHUS CJY’KAT HAJEKHBIM HC-
TOYHUKOM TPUKOPHEBOTO 3a)KUTAHUS W CTAOGM/IN3a-
nun Qaxea.

B ¢dynaamenranbuoit monorpaduu [5] npuse-
JleHa Takas Kjaaccu(UKais TUIIOB ILJIAMEHH: II0
reoMeTpuHu MoToKa U (POHTA TFOpPeHUuss — IJIOCKUE
U OCECUMMETPUYHDIE; 110 THAPOJUHAMUKE — JIAMU-
Hapuble U TypOyJeHTHbIe; 0 croco0y cMmeceobpa-
30BaHUs — CIKUTAHUE MOJArOTOBJEHHBIX CMeceil U

NpeBAPUTEIbHO HE TIepPEMEIIaHHbIX WCXOHBIX
KOMIIOHEHTOB, OPTaHU3aIlMs CMecell ¢ YacTUYHOM
HOAroToBKON (IIepBUYHbBIE CMECH).

[ armMocdepHbIX TOpesiok ObITOBOrO HazHa-
YeHMs1 XapaKTepHo, uTo Anit < 1,0, m mporecc ro-
PEeHHUST CMeCH Tasza C BO3JYXOM HCXOJHOTO COCTaBa
corpoBokaeTcss AuMOY3NOHHBIM  JTOKUTAHUEM
MPOIYKTOB HEIOJHOTO CTOpaHWs 32 (PPOHTOM Tep-
BuyHOTO Topenust [5]. CooTBercTBYyIOMUIT TIpoOIIece
ornucbiBaercs ypasuenusvu (1) u (2). Wmerorcs
YKa3aHWgd O UYPe3BBIYATHON pacnpoCTpPaHEHHOCTH
OIMChIBaeMbIX ycTpoicTB: 10 30 % Bcero mpupoj-
HOTO rasa CKUTAeTCsI MPH OPraHU3aINH OTMCAHHBIX
BUJIOB TIaMeHu [S5], KoTopble aBTOPBI MMEHYIOT
«CMeIIaHHOe JIAMUHAPHOE IIJIAMSI C MIPeBAPUTETBHO
nepeMenianioil U He TIePeMeNIaHHoil CMeChIoy .

C:kuranue ra3oBoro TOILJIHBA B YCJI0BHAX BBOJAa
H2O B KaM€py CropaHusa KakK JOIIOJTHUTEJbHOTIO
arcHra. COBpeMeHHOC COCTOSAHHE l'lpO6JleMbI

B mocsieHne TOABI pacimMpsercss UCIOJIb30Ba-
HUEe HEKOTOPBIX HAIMPaBJIEHUN COKUTAHWS TOILJINBA C
VBJIQ)KHEHHBIM OKHUCJUTEJEM, B YACTHOCTU, B CBS3U
¢ yruay6JeHHOU yTHIMU3aluell TemIOThl YXOSIIIX
razoB. IIpomecc «humid combustion», mam «wet
combustion» (ckuranus TorMBa ¢ A00aBICHUEM
BOJIbI WJIM BOZASIHOTO T1apa), NPHBJIEKAET 3HAUMTEb-
HOe BHUMAaHUE BBU/IY OXKU/IA€MbIX 3KOJOTHYECKUX
IPEUMYTIECTB, a TPU YTUJIU3AIMUA CKPBITOI Terio-
TbI TTapO06PA30BAHUSI — C IIEJIbI0 UCIOJb30BAHI
BBICITIEIl TEIJIOThI CTOPAHUS TOILJINBA, CJEl0BATENb-
HO, TEIUIOTbI KOH/IEHCAIUU, B TOM YHCJe HPU Pas-
JudHbiX Temmneparypax [6]. [luas atoro B Heko-
TOPBIX CJAYYasX YTUJIU3AIMMS TEIJIOThI YXOASAIIUX
IPOIYKTOB Cropanusi 00eCcHeyrBaeTcsi B armaparax
«vapor pump» (WVP) [7-9]. B ycrpoiictBax
WVP pa6ounii mporecc o6ecreunBaeTcst, Kak Tpa-
BUJIO, 32 CYET TIPEABAPUTEIHHOTO TMOIOTPEBa KOM-
MMOHEHTOB TOPEHUs, MPEXJe BCETO BO3AyXa rope-
HUSI, IPU OJIHOBPEMEHHOM YBJIAKHEHUH BO3/yXa.

1. B Uncruryre raza HAH Ykpaunbr Bnepsbie
B YKpawmHe OblIM WHUIMHPOBAHBI CHCTEMATHYECKUe
pPacueTHO-TEOPETHYECKHUE WCCJIEOBAHUS TOPEHUS
IPUPOJIHOTO Ta3a C YBJIAKHEHHBIM BO3/yXOM-OKIC-
juresieM. B mocsieanue ToApl aTH paboTHI IOMOJIHE-
HbI VCIIBITAHUSIMU HA OTHEBOM JKCIIEPHMEHTATbHOM
crenjie. lccienoBanusi 9KOJOTMYECKUX ACIEKTOB
rOpeHUst MIPUPO/HOTO Ta3a MPU YBIAKHEHUU IOTO-
Ka OKHCJUTEJSI B TEPMOJAMHAMUYECKON MOCTAHOBKE
priepsbie B CCCP O6bliu mpoBejienbl B Havalje
1990-x rr. mpod. Copoxkoit 5.C. [10].

Harmmn nccnenoBanust [11], BbioIHEHHBIE C UC-
nosb3zoBanueM nponeayp CFD-monesupoBanus u c
MIPUBJIEYEHNEM PA3BEPHYTHIX MEXaHU3MOB TOPEHUS,
B yactHoct, DRM 19 na 19 pearnpytommx kommo-
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nent (6e3 Ny, Ar, NO, NO,), u csbine 80 xumuue-
CKUX PEAKINil MOKa3aJn BO3MOXKHOCTH CYIIECTBEH-
HOro cokpariennsi BbiopocoB NOy U OHOBpEMEHHO
B OTIpE/IE/IEHHON CTETeHN MOHKEHST KOHIEHTPAITH
[CO] npu coxuranuu Mo AroTOBJAEHHON CMeCH MeTaHa
C YBJQKHEHHBIM BO3IYXOM B YCJOBUSX TOIIOYHOI
KaMepbl TIPU COITYTCTBYIONIEH nepudepuitnoii permp-
KYJISIUE TIPOJYKTOB CTOPAHUS.

2. N3amenenne tpeGyeMOro pacxojia TOIJIUBA
MPU YBJIAKHEHUH BO3/YXa-OKHCIUTEST 00yCIOBJIe-
Ho noHmkenneM KII/[ mcnosb3oBanust Tommsa myg
TOIOYHO} KaMepbl BCJEICTBUE YMEHBIIEHUS Teope-
TUYECKON TemiiepaTypbl ropenust Tp: B coOTBeTCT-
Bun ¢ KII/l muksaa KapHo 3HaueHue Mg TeM MeHb-
e, 4eM HIDKe BEPXHHUI TOTEHIMAJ Ipoilecca |
yeM GOJIbllle HIDKHUI TOTEHIHAT — TeMIIepaTypa
ra3oB, YXOJAIUX U3 TOIKH.

B c¢BsI3u ¢ oTpuIaTETbHBIM BJIWSHUEM BBOJA
napa Ha KII/[ Torounoit cucrembr [11] npemioxe-
HBI pa3JMuHble KOMOMHUPOBAHHBIE CXEMbBI HCIIOJh-
30BaHUsI TOILJIMBA IPU €ro COKUTAaHUU C BJIAYKHBIM
BO3/IYXOM, 006€CIeYnBaIONNEe BO3MOKHOCTD TTOBbI-
mennst cymmapaoro KII/[ Texaosiornueckoit cxembl
B II€JIOM, a COIYTCTBYIOIEe COKpalleHHe Pacxojia
TOILIMBA COUYETAETCS C IKOJIOTMYECKUMHE TTPEUMYIIle-
CTBaMM, XapaKTEPHBIMU JIJIsI TIPOIeccoB «wet com-
bustion». OcHOBY aTHX METO/JIOB COCTABJISIET COYeE-
TaHWe PA3JUYHBIX MPOIECCOB C IEIbIO TTOBBIIEHUS
norenimanaa termnonocurend (rernngoHocureneii) B
TOM JK€ WJIM B J[PYrOM IIPOIecCe Ipe/iaraemMoi
TEXHOJIOTHH.

B umciie ymoMsHyTBIX CXeM CJeyeT yKasaTb
pa3paboTKu, CBsI3aHHbIE C MCIIOJb30BAHUEM TOTLIH-
Ba B Ta30BbIX TypOMHAX MPU CXKUTAHUH PA3JIHy-
HBIX TOPIOYUX C BO3AYXOM, OGOTAIEHHBIM BOJIS-
HBIM TTapoM. VIMeTcs JaHHbIE O TOM, YTO TPAKTH-
4yecKH JIoOble TOILIMBA — OT HPUPOJHOIO Tasa /0
6uorasa W ra3oB, COJEPKAIIUX BOJOPOJ, — MOTYT
OBITb HCIIOJIb30BAHbI ¢ OOGECIIEUYeHUEM IIOBBIIIEHUS
sneprerudyeckoro KII/[ [12]. Ilpu arom GbLia jo-
Ka3aHa BO3MOKHOCTb CKHUTaHUs TOILINBA C J{06aB-
KOW Tapa uJjau BObl Ge3 TamieHus IJaMeHu, OJHa-
KO TIPU 3HAYUTEJbHOM COKPAIIEHUU BPEJIHBIX
(npesxae Bcero NOy) BBIGPOCOB.

Bosiee Toro, mst peanmsaiy mporecca HU3KO-
OMUCCUOHHOTO CXKUTaHUsS PEKOMEH/IOBAH CBEPXBJIAK-
HbBII Ta30TypOUHHBIN UK, UMEOIUi O0bITyI0 ad-
(heKTUBHOCTD, YeM <«CYyXOii» Ta30TypOMHHBII UK
[13]. Tlpum atom wmerotcss ykaszanusi Ha 3hQerTrB-
Hoe TojaBeHre o6pasoBanusi NOy TPH UCIIOIb30-
BaHWU B KAYeCTBe TOIINBA [ TA30BbIX TypPOMH Tra-
30B, oboramnieHHbIXx Hy, W ga’ke WmCTOrO BOJAOPOJA.
IKCIEPUMEHTAIbHBIE HMCCJIEJOBAHUS TTPOBOIMINCD
HA MPe/BAPUTEJILHO TTEPEMEIAHHBIX CMECSX.

CymectBennoe mnosbimienne KIIJ[ TaszoBbix
TYPOUH C «BJAXKHBIMY> ITUKJOM C JIOCTHKEHUEM Ta-

Kol 3((HEeKTUBHOCTH, KaK JIJISI YCTAHOBOK € KOMOU-
HupoBaHHbIM UKJIOM (710 55—60 %), ycraHoBjaeHO
B pa6orax Jonsson and Yan (2005), Pratt &
Whitney (2002), oamako mpu CyHiecTBEHHOM
YMEHBINEHNH CTOUMOCTH YCTAHOBKHU, C BbISIBJICHMU-
€M BO3MOKHOCTU PEryJHPOBAHUS HATPY3KU M CO-
KpalleHus: BpeiHbix Bbi6pocos [13].

Ha B0O3MOXKHOCTb HCIIOJIb30BAHMS JAHHBIX II0
CKUTAHUIO Ta3a B aTMOC(EPHBIX TOPEJKaX IIpeaBa-
PHUTEJBLHOTO CMEIeHNsT THIIA 6YH3EHOBCKON C I1I€JIbIO
aHasm3a paGoThl KaMep CrOpaHus Ta3oTypOUHHBIX
aBuraresieii, pa6oralmux Ipu  AaBjaeHwn 15—
30 aTM, yKa3bIBaJIOCh, B 4aCTHOCTH, B pabore [14],
MIOCKOJIBKY BJIMSIHUE JaBJIEHUS P Ha CKOPOCTDb Typ-
GyJIEHTHOTO TOPEHUs U OTCyTCTByeT: Ui ~ po.

daxrop maBieHusi B 6OJIBIION CTENEHU OIpe-
JleJIsIeT TMPEeNMYIIEeCTBEHHbIII MeXaHu3M 00pa3oBa-
Hust NOy: «prompt» — npu gasienun 1 arm,
«postflame> — mnpu maBrenusix mo 30 atm [14].
[TockoabKy meficTBHE KaKJAOTO M3 MEXaHM3MOB
HPEUMYIIECTBEHHO CBSI3aHO C YPOBHEM HU30BITKA
BO3/IyXa, GOJIBIIYIO POJIb HAPSAY C A MIPAET POJI-
CTBEHHDBIN (DaKTOP — «CTeleHb HelepeMenanHo-
CTH Ta30-BO3/YIIHOTO MOTOKay [14].

3. Pabotbl eBpoIeicKrX 1eHTPOB CUJIBHO IIPO-
JIBUHYJIN BO3MOXKHOCTH TexHoJsorun «wet combus-
tiony». ITO mpeskie BCETO OTHOCUTCS K y4acCTHIO
Bepamackoro texunueckoro yhusepcurera (Her-
mann-Fottinger-Institute, Technische Universitat,
Berlin, Germany) [15] B Teopernuecknx m sKcIe-
PUMEHTAJbHBIX HCCJAEIOBAHUAX B 06JIACTH TEXHO-
JIOTHH BJIAKHOTO U CBEPXBJIASKHOTO TOPEHIIS.

B cBs3u ¢ yXy/lleHueM YCTOIHYHUBOCTH Trope-
HUS TIPU HAJUYMM B BO3AyXe BOMISIHOTO Iapa
OOBIYHO [10JI TIOCJIEHET0 B KaMepaX CropaHus ra-
30BBIX TYpOUH cocTtaBisier He Gosee 10 % oOmeit
Macchl Bo3ayxa [12].

Tpaauiontbie UCCIEIOBAHUS YBJIKHEHS 110~
TOKOB B Ta30BbIX TypOMHAX OTHOCHJINCH K <«wet-
combustions» mpu comepskanun mapa Dyy 10 15 %,
pUYeM 9Ta CHUTyaIlsi OCOOGEHHO KAcaJach TOILIWB,
oboraimeHHbrx Hy. 3HaumMocTb aToro gakropa o0y-
CJIOBJIEHA BBICOKOH PEAKIIMOHHON CHOCOOHOCTHIO
Hy-comepskamux TOMINB, CHJIBHO MaJaloNiell mocJie
o6oraiieHnst TapoM, 4To TPUBOJIUT K OTPBIBY ILIaMe-
HII TOPIOYNX CMeceil TIpH BBO/JIE TIapa.

B pa6ore [16] npuBeenbl pe3yJibTaTbl UCCIE/I0-
BaHWi cucreMbl «ultra-wet» combustion B mmpokom
auarnasone n30bITKOB TOILINBA (Equivalence Ratio
® = ER = A1) — 0T 0KOJIOCTEXHOMETPUUYECKUX
CMecell BILIOTH /IO CJIyYaeB COAEP/KAHUU Mapa WJIH
N, B ananasone Do = Q €{0; 30 %}, koraa Ha-
crymaer «OeziHblii cpbiB> (U 3HAYMTEJSBHOM W3-
6bITKEe BO3/yXa). 3ech Q — MaccoBast JI0Js mapa
B BO3/lyXe ropenusd, Q = Q, ;= myy /m,.
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Puc.1. 3aBHCHMOCTD OTHOCHTENBHOTO COKPAIIEHUS BBIOPOCOB
okcnoB azota NOy /NOy .« ¥ KOHIEHTPAIUH OKCHJIOB YIJIEPO-
na [COJ or COOTHOIIEHUSI MAacCOBBIX IMOTOKOB BJIard M TOILINBA
m ,0 /th g, xr/ xr (CTeleHN YBIa)KHEHNs! IIOTOKA TOPIOYel cMe-
CI/IS[. Pocr [CO] onpegensier 3oy pucka (Bocxozsiine KpUBbie
CO): 1 — a9 TasoBbIx TypOmH; 2 — a1 anmapatoB WVP —
<ITApOBOIi HACOC».

Haxormnennt pe3yabTaTbl SKCIIEPUMEHTAJTbHDIX
uccyie0oBanuil BiausHusA Biaaru #a BeiGpockl NOy
n CO 1o pesyabraraM ONBITOB, KOTOpPbIe ITPOBO-
JUJIACH [IPU CKUTAHUU IIPUPOJHOIO rasa, B yCJIO-
BUAX BapbUpPOBaHUA IMOTOKOB U NOAJAEPKaHUA CO-
oTHoOUIeHuA <«BO/Jda TOIIJIUBO» B [Halla30HE

My, /g € {0; 4,25 kr/kr} (puc.1).

[narason u3MeHeHUsl XapaKTepUCTUK T'OpIoYero
rasa M BO3/yXa IPHU IIPOBEJCHUN HCCJEOBAHUI
COKUTaHMS PA30aBIEHHBIX, B TOM YUCJE YBJIASKHEH-
HBIX, TOPIOUNX CMecell BApbUPOBAJICA B 3aBHCUMOCTH
OT OTZe/bHbIX Leaeil paGorbl (Tabmna). B kauecrse
rOpIOYEro Merob3osaacsa npupoanbiii ras (NG), Bo-
nopoza Ho, B KauecTBe OKMCJIUTENST — BO3AYX OT CY-
XOT0 XOJIOJHOTO /10 Pa3baBIeHHOro Mojorperoro. B
KadecTBe pasz0aBUTEJI WCIOJb30Baicd Tap i Na,
[pUYEM [IMATIA30HbI Pa30aBiIeHnsT B OOOMX CJIydasix
ObLM O/IMHAKOBBIE: B [16] ykasbiBaeTcst, 4TO 3aluCh
Q' = Q' 03HAuYaeT paBHble 06BEMHBIE 0 Pa3ba-
Buteseil Bosayxa (mapa mm Ny).

B pesysbraTe COOTBETCTBYIOUUX IKCIEPUMEH-
TAJbHBIX PAa6OT YCTAHOBJEHO MOHOTOHHOE ACUMII-
Toryeckoe cHmxenue cogepskanusi [NOy] nmo mepe
yBJIQKHEHUs pearupyiomeil cmecn (o Hamumm

YcaoBus MIpOBE€AC€HUA OIBbITOB IIpU 3aMe€pax
BbIOpOcoB [16]
Tommso | Pas6aBuresb Q' T, K
NG, H, - 0 293, 473, 623
NG, H, H,0 0,1; 0,2; 0,3 473, 623
NG, H, N, 0,1; 0,2 623

OILIEHKaM JINTEPATYPHBIX JaHHBIX, g0 20 pa3 mpu
COOTHOILIEHUSAX «BOJa : TOILIMBO» ~ 1,5-2,5 [7]).
ITOT pe3yJbTaT IMOJHOCTBIO COOTBETCTBYET [aH-
ubiM 1poBesenHoro namu CFD MopenmpoBanus
TOpPEHMs MPUPO/IHOTO Ta3a ¢ BO3JYXOM, o0oralieH-
HBIM TTapOM, B TIPSIMOTOYHON KaMmepe TTPH BapbUpo-
BaHUM aOCOJIOTHOM BJIAKHOCTH BO3/YIIHOTO IOTO-
Ka, TO €CTb B 3aBUCUMOCTH OT OTHOCUTEJBHOM
BJIAJKHOCTH TIpW (PUKCUPOBAHHOI TeMIiepaType To-
JorpeBaemMoro Bozayxa [11].

Wccnenosanus esponeiicknx (Tepmanus, IIse-
U ¥ IP.) U aMEPUKAHCKUX YYEHBIX M MHIKEHEPOB
MPOBOJIMJINCH C WCIIOJIb30BAHNEM BCEBO3MOKHBIX
CIT0CO60B M3YYEHHs BJIAYKHOTO TOPEHUS TIPU Pacyer-
rom noaxoze (CFD MozenaupoBanue) 1 myTeM 9KC-
MEePUMEHTAJbHBIX UCcyejoBaHuil (OrHEBBIX HMCIIBITA-
HUiT) B YCJIOBUSX CHKUTaHUS TOIUIMBA C MOMOIIBIO
JIBYX THIIOB TOPEJIOK: BUXpeBoro (¢ KPyTKOil 1OTO-
Ka) u KOHCTPYKIIMM <«JaMUHApPHON» IeJeBoil ro-
pesku. B mocsenneM ciydae BBITOJHANACH MTPAMas
OIlEHKA BJMSHUA BOJSHOTO Tapa Ha IPOIecC Tope-
HUS U CKOPOCTH JIAMHHAPHOTO TOPEHMS.

lazoBbie TypOUMHBI ¢ yBJIa)kKHEHUEM, PabOTalo-
e Mpu yJIbTPABJAKHBIX YCJIOBUSAX, o0eceunBa-
foT 3HaunTenbHoe yBenamdenuwe KRII/[ mo cpasze-
HUIO C CYXHM Ta3oTypOWHHBIM 1uKJIoM [16].
Y apTpaBiakHble ra30Bble TYPOWHDBI P 9KCILIya-
raruu pocrurafor KII/[, comocraBumoro c cospe-
MEHHBIMU JHEPTeTUYECKUMH YCTaHOBKaMU, pabo-
TAONUIMU HAa KOMOMHUDOBAHHOM IUKJE, —
BILIOTH 710 553—60 %, HO IpH CYIIECTBEHHO MEHb-
IUX CTOMMOCTH ycTaHOBKM (KamurasbHble 3aTpa-
TBI) M YPOBHE BpeaHbIX BbIGpocoB [13, 16].

Kpome Toro, Bbicokoe mapocozepskanue o6ec-
neunBaer low-NOy OKOJIOCTEXHOMETPUYECKOE CIKU-
ranue, opraHu3ysi pa6oTy KaMepbl CTOPaHUS C Mak-
cnMaabHBIM ypoBHeM COg 11 OUYNCTKH TYypPOMHBI
mocJie KOHJICHCAIINK T1apa, a TaKyKe MOCJIeropesoy-
HOTO c6Opa YIJIEKUCJIOTHI 32 CUCTEMON CIKUTAaHUS
torsmBa. Peakimonnast crnoco6HOoCcTh Hy cHabHO
MajlaeT TP BIIPBICKE TIapa, Korjga 00ecrieunBaeTCs
«yncrasg» (¢ HUBKUMM BpEAHBIMH BBIGPOCAME) U
sHepreTndyecku 3ddextuBHasg sxciryaramus KC
I'TY mpu pabote ¢ 60raTbIMH BOIOPOCOIEPIKATIH-
MU TOILTMBAMH — OT OMOMAcChl M IIPOJYKTOB Ta3u-
dukanun yras jno uncroro Hqy [13].

[Tporecchl «BaasKHOrO ropenus» («wet com-
bustion»), oGecrieunBaemble 106aBIEHUEM BOISHO-
rO mapa Ipu TOPEHUHU, A TAKXKe COIMYTCTBYIOIUMU
criocob6aMyl yTUJIM3AIUN TEIIOThI YXOJSIINX I'a30B
MO3BOJIAIOT OJHOBPEMEHHO 3HAYUTETbHO IKOHO-
MUTD TOIJIMBO U MWUHUMHU3UPOBATD BPE/IHbIC BbI-
6pocol B atMocdepy. Tem cambiM obecriednBaeTcs
MEPCIIEKTUBHOE COBPEMEHHOE HAIpaBJIeHUE 3KOHO-
MHUKHM — YCTOWYMBOe passuthe sHepretukn (sus-
tainable use) [18].



ISSN 2413-7723. Buepzomexnonoeuu u pecypcocbepesxenue. 2018. No 2 61

Bosayx =>§ ‘
Tonnuso

OCZA@L

d[NO]

dt

HU3zGriTox
TOIUIABA

HU3briTox
BO3/yXa
6

Puc.2. Pacripe/iesieHre MOTOKOB ¥ XapaKTEPUCTUKK TOPEHUST B Ka-
Mmepe croparuss RQL I'TY: a — quHaMuKa CKUTaHUS TOILUINBA U
TepeMeNTBaHNs TTIOTOKOB B 0GbeMe KaMepbl cropanusi; 6 — 3aBH-
cuMocTb Temiieparyp ropenust T u ckopoctu o6pasoBanust NO or
koa(pdunmenra u3bbiTka Bodayxa A [19]: 1 — o6mactb obenHeH-
HOTO TOpeHusi; 2 — o0sacTb OGOTAIEHHOTO TOPeHUs; 3 — BO3-
JIYIITHbIE CTPYH HA CKOPOCTHOE CMellieHre 1 pazbanienne; 4 — 06-
JIACTU 3aCTOIHBIX TeYEHWiT; 5 — pa30aBJeHHDIE YXO/ISIIIE Ta3bl.

4. B craiMoHapHBIX YCTAHOBKAX PacCIpOCTpaHe-
HbI CUCTEMbBI CKUTaHUST OOEIHEHHDBIX TIPe/BAPUTEID-
HO TepeMEIAaHHbIX CMecell B CJydyae ITOHUKEHHBIX
TpeGoBanuil GezonacHocT, (QUKCHPOBAHHOIO PEXKI-
Ma paboThl U Gjarofaps BO3MOKHOCTH HHU3KOIMIC-
cuonnoro cxxuranust (mo NOy). AsnbrepHATHBY 9TO-
My METOJly CXKUTAHWS TOILIUB IPEJCTABJISET TEXHO-
gorusg RQL, passuras B 1980-x rr. [13, 19, 20].

CaepxBaaxknpiii  «ultra-wets» rasorypOuHHbBIIT
IUKJI peasmsyercss Tpu paboTe Ta3oBbIX TypOWH Ha
TOILIMBAX, oborameHHbix Hy u make Ha 4ucTtoM BO-
mqopoze [13]. «Ultra-wet» mporecc mcciregoBaics
YUCJEHHO ¥ HKCIEPUMEHTAJIBHO MPUMEHUTENbHO K
pPa3HbIM BUJAM JAMUHAPHOTO TIJTAMEHU TIPeBapH-
TEJIBHO TIO/ITOTOBJIEHHON METaHO-BO3/LYITHON CMECH.
B nmasnbHeiineM aTOT TPOIECC UCCIAE0BAJICS B YCJIO-
BUSIX CSKUTAQHUS TIPU CTAOGUIM3AINY TIJIAMEHH 32 CUEeT
KPYTKH TMOTOKA, a Takke B RQL-kamepe cropamus.

l'asorypOuHibIe [BUTATENH, B YACTHOCTH, ABH-
aIlMOHHbIE SBJISAIOTCSA elle OJHOU TepCHeKTUBHON
006JIaCTBIO0 TTPAKTUYECKOTO TPUMEHEHUS CXKUTAHUS
TOIJINBA € J06ABJIECHIEM BOJAIHOTO Tapa. [lpm cxxu-
TaHUM Ta3000Pa3HOTO TOILIMBA B 3TUX YCTPOWCTBAX

ucnoabayercss npuninn RQL [13], peanusytonruii
croco6 BYXCTAIUITHOTO WJN MHOTOCTAIMITHOTO
cxuranusg tomnuBa. Ha mepBoM aTame mpoiecca
MPOMCXOAUT CRkuranue «Goraroit» cmecu (koaddu-
IMeHT n30bITKa Bo3ayxa A = 0,56, M30bITKA TOILIN-
Ba (Equivalence Ratio ER) ® = A~1 = 1,8), na mo-
CJAeHUX IJTamax — JOXKUTaHWe U pas3baBieHue
IIPOJYKTOB MePBUYHOTO Topenus (puc.2).

ITOT TPUHIMI MOJPO6GHO ONMHCAaH B 3apy6esk-
HOIT ¥ pyccKosiabranoil auteparype [19, 20]. Ilpu-
MeyaTeJbHO, YTO 3HaueHus Koadduimenta n3obit-
Ka TepBUYHOTO Bo3ayxa B mpoiecce RQL-cxxura-
HUSI COIIOCTABUMBI C IpejeaaMu paboTbl 0 KOIp-
¢uimenTy m30bITKA BO3AyXa S WHXKEKITMOHHOM
ropeaku (0,6—1,2), KoTopasg HMCIO/IB30BaIach B
Hamieit Hacrosuieii pa6ore. MubiMu cjioBamu, pe-
3yJIbTAThl JAHHON CTaTbW MOTYT ObITb MCIOJb30Ba-
HBI TIPM MOJIEPHU3AIMY aBUAIMOHHDLIX JBUTATEsei
C TEJbI0 YJIYYIIeHNS] WX IKOJOTHYECKMX XapaKTe-
PUCTHK — CHIUKEHUST BBIOPOCcOB NOy.

Ha pwuc.2,6 mpeacTaBieHbl JJOBOABI aBTOPOB
pador [19, 20], nbitaonmxcss 060CHOBATh COKpa-
meHre 06pa3oBaHMs OKCHOB a30Ta B KaMepe Cro-
panuss RQL cxuranmem rasa B obuacTsax obora-
menubix (R — rich) u o6emnennbix (L — lean)
TOTLTHBOOKMCJIUTEIbHBIX CMecell, BHe obJjacreii,
6/IU3KUX K CTEXMOMETPUYECKIM TOPIOUUM CMECSIM.
YkazaHHble COOOpaKEHUs He SIBJISIOTCS CTPOTUMU
U JTOJDKHBI OLEHUBATHCS KPUTHYHO.

st cpaBhenus ¢ puc.2,6, UMEIONM KadecT-
BEHHDBIN XapakTep, U HOATBEPIKIEHUST AJeKBATHO-
CTU WCIOJb30BAHHBIX TOAXO/I0B HA PUC.3 TIPEJ-
CTaBJICHBI HAIIA PACYeTHBbIE 3aBUCHUMOCTU TEOPETH-
YECKUX TEeMIIepaTyp TOPEHWsS] MeTaHa C XOJIOHBIM
BO3/lyXOM W TEPMOJNHAMWYECKH PaBHOBECHBIX
koHteHTpanit NO 1pu aTuX TeMmmeparypax OT CO-
OTHOMIEHUIT BO3ayX : TommBo (OT M3GBITKOB BO3-
ayxa A u tormmBa (Equivalence Ratio) @ = A1),
10 ectb 3aBucuMoct Tr(h) n [NO]eq(R).

2300 Tr.K NOLppm [ (4
[NO4] 035
2200 T:

a3

2100
a25
2000 02
1900 an
ar

1800
ao0s

1700
05 7 5

Puc.3. 3aBucHMOCTb TEOPETUUECKOIl TeMIepaTypbl FOPEeHUs Me-
tata Tr u pasnosecuoro coaepxatust NO [NO],, B npogykrax
cropanusg npu Tt ot xoaddurmenta u30bITKa BO3ayXa A.
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dukcupoBaHHble 3HAYEHUS HOPMaJbHOMN
CKOPOCTU pacipoCTpaHeHus TJIaMeHH, KaK U Teo-
perudeckue Ttemiiepatypbl ropenust T, a Takike
paBuoBecubie KouteHTpanun NO 1 NOy oTHOCST-
€SI K CJIy4aio ropeHus MOJrOTOBJEHHBIX CMeceil B
OTpaHWYEHHBIX KaHaJaX, KOT/a N30bITOK OKHUCJIH-
TeJid B pearupyioiieil cMecu 0 u 3a (PPOHTOM
IJIaMEHU SABJAIOTCA HEM3MEHHBIMHU: A = Ajpit =
const. IToaToMy Mcnob30BaHMe XapakTepa 3aBH-
cumoctu T(A), npeacraBiennoii Ha puc.2,6, u
coorserctBenno 3asucumoctu ([NO]/(T(L))
CTPOTO He SIBJSIOTCS 0O0CHOBAHHBIMU ST 00BsIC-
HeHus cokparntenus ob6pazoBanust NOy B Kamepe
cropanusi I'TY co cxemoit RQL. B mnocaennem
caydae (puc.2,a) ccplIKa Ha XapakTep IpoOIlec-
COB IPU CXKHUTAHUU TOJATOTOBJEHHONW CMeCH Kak
TAKOBOW SBJISETCS YCJOBHOI, nOO HE COOTBETCT-
ByeT 06bexTy: A kamep cropanus ['TY snaue-
Hug A 1epeMeHHbl 1m0 paaunycy Kamepbl (KC) un
nmo ee anuuae: A = var. I[Ipomecc B 30Hax, rae
MPOTEKAET TepBasl CTaJMs COKUTAHUS Ta3a — Tro-
peHue Tasza ¢ HeJIOCTATKOM BO3/lyXa, COIPOBOXK-
naercst o ammHe KC nuddysnoHHBIM p0KUTaA-
HueMm. Tem He MeHee, MOKHO COTJIACHUTBCS C BbI-
BOJAMHU O TIPEAMOYTUTENbHOCTU cucTeMbl RQL
nasgs KC I'TY, yuuTbiBasi BO3MOXKHOCTH CHUKe-
Hust BoI6pocoB NOy nipu HeagmabaTHIeCKOM CTa-
JUHOM ckuranun torsansa [13].

Ecau pns nokaabHbIX KOI(MOUIMEHTOB W3-
OBITKA BO3/YXa Ajo. CIPABE/INBO YCPEIHEHNE

m

Foa (D) [Mge (r,DdFee (D=2 (HQy!,
Fee(D) mg

(rpe r, I — COOTBETCTBEHHO pasnanbHast M MPOJJIb-
Hast OOP/JIMHATHI 3JEMEHTAPHOTO TIONEPEYHOro yva-
crka dF-c kamepwl cropanms; m,,my — Macco-
BbIe TIOTOKW BO3/[yXa W TOIJINBA B TEKYIIEM cede-
Hun; (g — MaccoBOe CTEXHOMETPUYECKOE YHCJIO0),
TO JJiI CKOpPOCTH 06pa3oBaHWsl OKCUJA a30Ta
O[NO] /ét mogobHoe ycpeHeHre HeCPaBeTIBO B
CIUTy  3HAYUTETbHOH  HeJWHEeHHOCTH  (QYHKIUH
{O[NOJ/ot} (M).

Boura mpensioskeHa KOHIENIINS KaMephbl Cropa-
nuss RQL MEGATECH c¢ uenbio peanusaiuu
cTpaternnu HU3KoaMuccnoHHoro 1mo NOy cokuranus
tomsuBa. [Ipunnun coctoutr B KOMOMHUPOBAHUU
cxem Rich-Burn, Quick-Mix, Lean-Burn: c:xura-
mme Goraroit cmecu (A < 1,0), BBOZ U CKOPOCTHOE
CMeIIeHNe C MPOAYKTaMH <«6OTaTOro» TOPEHUs T0-
toka (IOTOKOB) BTOPMYHOTO BO3jyxa. PasGas.ie-
HUE TPOJYKTOB HEMOJHOTO TOPEHWS COMPOBOMKIA-
ercd uxX Audy3uOHHBIM JOXKUTAHUEM U TIOCTEIIEH-
HBIM yBeJUYeHHeM H30bITKA BO3/yXa 10 BBICOKUX
suauennit (Ay > 3,0).

MeTOZIOJIOI'I/UI " IKCII€EpUMEHTAJIbHAsA yCTaHOBKA
AJIsd UCCJIEJOBaHUA (l)aKeJlebIX mnmponeccos
C YBJIA’KHEHHEM BO3/yXa ropeHusa

B Nucruryre raza HAH Ykpaunbt coopyske-
Ha 3KCIIePUMEHTAJbHAsl YCTAHOBKA II0 UCCJEI0BA-
HUIO BJIMSHES BJIQKHOCTH BO3/yXa-OKUCJIUTEJS Ha
BbIX0L NOy B (haxesne NMPUPOAHOTO rasa, TOPSIIEM
Ha OTKpbBITOM Bosayxe (puc.4).

Puc.4. Buemnuil Buji sKCliepUMEHTAJbHON YCTAHOBKU HCCJIE/10-
BaHUs BJUSHUS BJIATH HA TIPOIECC COKUTAHUS TIPUPOHOTO ra3a B
OTKpBITOM (paxese.

CoxuraHme TO/JITOTOBJEHHON CMeCH IMPOU3BO-
quTcs B atMoc(epHOM BepTUKAIbHOM (akrese, 06-
pamtenHoM KBepxy. OrmeBoil crenji BKJIOYaeT y3-
JIbI TEHEPUPOBAHUSA U 1I0Ja4M IIapa U I10J0rPETOro
BO3/lyXa, IIOTOKM KOTOPBIX CMENIMBAIOTCA B CIICIHU-
QJIbHOM TOPEJIOYHOM YCTPOHCTBE CO CTpyeill ropio-
yero rasa. Kpome Ttoro, B mpoliecce CMeHIeHUS
Y4aCTBYIOT IOTOKH BO3/yXa-OKUCJIUTEJS: COKATBIi
BO3/AyX OT KoMmmpeccopa (akTuBHas cTpys) u
3’KEKTUPYEMblil TIOTOK, I0JcacblBaeMbIil BHYTPb
TOpeJKK u3 arMocdepol.

[ling uccaeoBaHUN MCIIOJb30BAJIOCH CJIEIYIO-
niee 060py/IOBaHNE W U3MEPUTEJNbHAS ammapaTrypa
(cooTBETCTBYIONME TO3WIIMK TIPEJCTABJIEHBI Ha
puc.5): 1 — ropenaka MHKEKIMOHHASA Pa3paOOTKH
WMucturyra raza HAH Ykpansbl ¢ nByMsI aKTHB-
HBIMU CTPYSIMU, OCHAIlEHHAs CTAOMIN3aTOPOM TO-
penusi; 2 — mnaporenepatop Elenberg (Kwurait).
[lyiss peryiMpoBaHus yPOBHSI BJA)KHOCTH CMECH K
naporeHepaTopy MOJAKJIOUEH TpaHCHOpPMATOp TH-
na PHO 250-2 (CCCP); 3 — poramerp Tuma
PM-6,3 TY3 (CCCP), ucrosnb3yeMblii B KauecT-
Be pacxojioMepa /s I0TOKa rasa IocJje Ipe/Ba-
pUTEJbHON TapupOBKM Ha Bo3ayxe. TapupoBka
poramerpa mpoBoauiaach B Il «Ykpmerprect-
crangapr». (Ilepepacuer pacxoja Ha IPUPOLHBINA
ra3 Mpon3BOJMIIC TI0 3aBUCUMOCTH:
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"1

A,

I[bI0 KOMILJIEKCHbIE M3MEPEHUs T1a-
paMeTpoB Ta3006pa3Hoil CPe/Ibl.
Konnenrpammug Oy opHOBpeE-

2

<

Ilenorperaf Bosays

8

Bosmyx MEHHO C TeMIIepaTypoil M OTHOCH-
TEJbHON BJIAXKHOCTHIO MOTOKA OIpe-
JIeTIsieT XapaKTepUCTUKY TOTOKa TO-
ploueii cMecu, Kotopag (UKCUPYeT-
ca patankamu O9 W BIOKHOCTH Ta-

s3oanaaunsaropa Testo. YyscrBu-

SHEKTHpYEMELH

041504, sosay=
100}, 103
&7 mowp.

/
3

-

KoumnpeccopHHi Bos,

TeJIbHBIN 3JIeMeHT MPOGOOTOOPHUKA
10 ycranaBimuBaeTcd Ha OCU rOpeJ-
KN BOJM3W OT BBIIYCKHOTO Cpe3a
TOPEJIOYHOTO yCTPOHCTBA.

Ha pwuc.6 npencrasiens Gpoto-
rpaduu pasmernienusi 1po6ooTbOp-
HOTO yCTPOHCTBA M M3MEPUTETbHBIX
30H/IOB B uccJjeayeMoM akese B

Bosgyx

Tas s cetn

<
Ilap
2

< < 1/2
Vy =V, (M, /Mg)"2,

rae Vq,V, 00beMHBIE PACXO/Ibl TOILJIMBA U BO3-
nyxa; M, M, — MoJseKy/IspHble Macchl TOILIMBA 1
BO3/yXa); 4 — IOJOrpeBaTesib BO3/[yXa — TEILIO-
sentuaarop ETA 1617 1500 Br (Crosakus); 3 —
komrpeccop FIAC Mecafer B2800,/100 CM 2
(Mramus); 6 — KpaH TOYHOIT PerympoBKU 06beM-
HOTO Pacxojia rasa, MojlaBaeMoro Ha ropenune; 7 —
HITATUB, MO3BOJSIIONMN PEryJIMPOBATH TOJOKEHIE
TOYKE 0TGOpa MPo6bl B TPEX IJIOCKOCTSX; 8§ — Ma-
rnomerp KromSchroder DMG S2500 (Tepmanus);
9 — upuGop MOPTATUBHOI CHUCTEMbI AHATHM3A JIbI-
MoBbIX rasoB Testo 350 XL (Tepmanmus), ocHalIeH-
HBIIl guelikaMy raszoaHaan3aTopa — MOJYJIAMH U3-
mepenuna O,, CO, NO, NO, SO, n cranzapTHbIM
30H/IOM M3MEPEHHs BIASKHOCTH CMECH, T10/IaBaeMOit
HA TOPEHUe, YTO TMO3BOJIIET TIPOBOJUTH C €T0 TIOMO-

Puc.6. YcranoBka mpo600T6OPHOTO yCTPOHCTBA M 30HANPOBAHIE OTKPHITOrO (hakesa.

A\,

Puc.5. IlpuHnunuanbHas cxeMa sKCIIePUMEHTAIbHOIl YCTAHOBKH.

Pa3JIMYHBIX paKypcax.
T'opesiounoe ycrpoiicTBo

OCHOBHBIM ISIeMEHMOM YCMAHOBKU SB-
JISETCS TOpeJKa IMPeJBAPUTETHbHOTO CMENIeHUs C
MPOTOYHON YacTbio Tuna Tpy6sl Bentypu. F'openka
M0 TPUHITUITY AEHCTBUS WH)KEKIIMOHHAS, C JIBYMS
AKTUBHBIMU CTPYSIMH: TAa30BOH M KOMITPECCOPHOTO
BO3/lyXa, CO CBEPXKPUTHYECKUMH IapaMeTpaMu
BO3/yXa Ha BXOj/ie B Topenky. /las momaum akTuB-
HBIX CTPY#l TOpeJsika cHaGKeHa COOTBETCTBYIOIUMU
KOAKCHaJbHO PACIOJOKEHHbIMU coriamu. Kpome
9TOr0, 06eCIeYrBAETCS IPUHYIUTENbHAS T10Ja4a
MO/IOTPETOTO BO3JyXa M BOJSHOTO Iapa Ha BXO[
CMECHUTENIsI TOPEJKH, TEM CaMbIM B CMECHUTEJIE TO-
PEJIKU OCYIIECTBJISICTCA TepeMenIMBaHue MATH T10-
TOKOB: /IBYX aKTHBHBIX HE3aBUCUMbIX CTPyii (raso-
BOH M KOMIIPECCOPHOI BO3/YNIHON), MOJaBAEMbBIX
B/IOJIb OCU TOPEJIKM 4epe3 YIMOMSIHYTbIe COIIa TO-
PEeJIKM, a TaKKe TPEX BHEITHUX TOTOKOB: 9KEKTH-
pyeMoro BO3/yXa W3 OKpysKamoiieii arMocdepbr;
MPUHYIUTETHHO T0/1aBAEMOTO
BO3/IyXa OT TEIJIOBEHTHUJISTO-
pa; BOJSHOTO Iapa OT Tapo-
reHepaTopa, CBSI3aHHBIX C
JIBIDKEHUEM aKTUBHbBIX CTPYH.

DukcupoBaHHble OTHOCH-
TeJbHbIe TOTOKU KOMITOHEHT:
ropsiuero Bo3jyXa U IHapa
MpU M3HAYAJTbHO 3a/1aBAEMbIX
n30bITOUHBIX JIABJIEHUSIX aK-
TUBHBIX TIOTOKOB Apg M Ap,
omnpeziensror cozepskanne [Os]
B Ta30-TIAPO-BO3/IYIITHOM CMeCH.

IIpunuun Oeiicmeus
eopeaxu. llpu skcnepumeH-
TAJbHBIX HUCCJIEJOBAHUSAX HC-
MOJIb30BAJIACh YIIOMSIHYTAd WH-



64 ISSN 2413-7723. Duepzomexnonozuu u pecypcocbepesxenue. 2018. No 2

JKEKI[MOHHAS TOPEJIKAa YaCTUYHOrO Ipe/iBapUTeIb-
HOTO CMeIlleHUsI € YIJIOBBIM cMecuTeseM. BHYTpb
CMeCHUTeJid TOPEJKH I0JCAChIBAJOCH IIPUMEPHO
70 % Bo3jyxa, HEOOXOMMOrO [IJIsl TIOJTHOTO Cropa-
Hug rasza. Cokuranue ITPOBOJAUJIOCH B BEPTUKAID-
HOM atMocdepHOM (ake.e.

T'opeaounoe ycmpoiicmeo obecreunBaet
CTaOMJIN3AIMIO OCHOBHOTO (hakesa JAWaMETPOM
D¢ = 30 mM (amameTp BBIXOJHOTO CeYeHUsl YKa3aH-
HOTO CMECUTEJIS).

Cmabuauzamop 2openuss — cucrema u3
20 HM3KOCKOPOCTHBIX (haKeJKOB IJIAMEHU JHaMeT-
pom Dg = 5 MM Kak/JbIil TOTO e cocTaBa, 4TO OC-
HOBHOI (pakes. Bmarogaps atomy pacmupsgercs
00J1aCTh YCTOWYMBOTO CXKUTAHUA 10 HATPYy3Ke: pac-
XO/ly TOILJINBA, & TaKXe TOTOKY Ta30BO3AYITHOH 1
ra3onapoBO3yIIHON cMecH, 110 uncay PeiiHosbaca
n KoaddunmenTy n3bbITka Bo3ayxa. Ocu cTabu/m-
3Upyonnx (HakeJaKOB PACIOJOKEHbI HA IUJINH/-
PUYECKON TTOBEPXHOCTH, OCh KOTOPOI COBMA/AET C
OCBIO TOpPEJIKM W caMoTo crabujuzaropa. B pe-
3yJbTare yJAaeTcs TPOBOJUTL HUCCJIEOBAHUS W
GyH3eHoBckoro muamenn (Gorarbie cMecH, CxKUTae-
Mble B TIEPBUYHOM KOHYyCe W Joroparwrine B aAud-
(Y3MOHHOM IIAMEHH € OKPYSKAMOIMM BO3/YXOM),
n (akesoB MOJHOCTBIO ITOJATOTOBJEHHBIX CTEXUO-
MeTpPUYECKNX ¥ Ja’ke OGeJHEHHBIX TOPIOYNX CMe-
ceit (L >1,0).

BapbupoBanue napamMeTpoB H onpeaeisiionix
XapaKTePUCTHK Pa0OThI TOPEJIKH

B wmammx pa6orax [21, 22] ykasbiBajgoch, 4TO
BapbUPOBAHUE TEMIEPATYPbl BO3/YIIHOTO TTOTOKA
CUJIBHO CKa3bIBAeTCs Ha €ro BJIATOCO/IEP’KAHUU B
CBS3W C PE3KUM HM3MEHEHWEM YIIPYTOCTH HacbIIe-
HUS BOJIIHOTO Tapa IO Mepe pocTa TeMIepaTypbl
arMocdepHOro Bo3jyXa. B Hammx ombiTax ycpe-
HEHHbIN COCTaB MPUPO/HOrO rasa, MoJy4aeMoro u3
MarucTpaJsu, MPUHUMAJCS MOCTOSHHBIM, YTO JaeTr
BO3MOXXHOCTb BapbMPOBATbh YPOBEHb BJIAKHOCTH
ra3o-BO3/YIIHOW cMecH J06aBIeHIeM BOJSHOIO Iia-
pPa B BO3JYIIHBIH MTOTOK, I0/laBaeMblil Ha ropeHue.
Kpowme Toro, craHoBHUTCSI BO3MOKHBIM OT/I€JbHO
YUeCThb BIAUSHUE TEMIIEPATyPhl MOI0TPeBa Ta30-BO3-
JAYIIHOW cMecH Kak TaKOBOU [/ cJjlyyaeB, He CO-
MPOBOKIAEMbBIX BJUSHUEM H3MEHEHUs BJIAroco/ep-
JKaHUST aTMOC(EpPHOTO BO3IyXa.

KouTposbHO-n3MepuTesbHas ammaparypa Ha
YCTaHOBKE TIO3BOJISIET OIEHUTb W 0OECTICUYUTDh HEW3-
MEHHBIN YPOBEHb a0COJIOTHOTO BJIATOCOEPIKAHUS
d, I XOJI0IHOIT cMecH MPUPOAHOTO Ta3a ¢ BO3Y-
XoM ¥ ajas nogorperoit. Ilpm coorBeTcTBYOIMEM
COTIOCTABJIEHNU MCKJIIOYAETCs OIleHKA BJIMSHUS CTe-
MeHN YBJIAKHeHNnd aTMocepHOro Bo3/iyXa Ha ypo-

Benb BbIOpocoB [NO] u [NO,], a ocraercst Jsuiib
BOBJIENCTBIE TeMIIEPaTypHOTO (hakTopa.
PesybTarhl dKCIIEPUMEHTATBHBIX UCCJIE0BA-
HUH U psaaa 3Havenuii koadduimenta n3bbITKA
Bozayxa A = 0,7; 0,8; 0,9; 1,0; 1,05; 1,1 mo3Boss-
10T YTBEePKJaThb, YTO JJIS TOJOTPETON CyXOH Taso-
-BO3/IymIHON cMecu ypoBeHb [NO] BbImme, ueM /s
XOJIOTHOM TTPU TTPOYUX OJIMHAKOBBIX YCJIOBUSX.

OO6cy:kaenue pe3yabTaToB

Cma6uausauusa zopenus. Ilpu uccienosa-
HUAX TOPEHUS OKOJOCTeXMOMETPUYECKOH cMecH
(A = 1,05) ucnoab3oBajcs CeTeBOH MPUPOIHBINA
ras CJeyIOIero CpeaHero cocTaBa, IOCTaBISEMO-
ro ITAO «Kwuisras», % (06.): [CH4] = 90,05;
[CoHg] = 4,94; [C3Hg] = 1,08; [C4H o] = 0,29;
[CsHyal = 0,09; [CeHyyl = 0,15 [N2] = 1,65
[CO,] = 1,87; [Oy] = 0,003.

B omnbitax ¢ 6orartoii cmecvio (A = 0,7) wuc-
110/Ib30BAJICS. IPUPO/IHBIIL Ta3 CJIeyIONIEro CpeiHe-
ro cocraa, % (06.): [CH4] = 90,17; [CyHg] =
4,87; [C3H8] = 1,04; [C4H10] = 0,3; [C5H12] =
0.09: [CgHy4] = 0,1; [Ny] = 1,57; [CO,] = 1,85;
[O,] = 0,002.

Cmpyxmypa chaxena. J|na pacuupenus
Ipe/IeIoB yCTONUMBOI paboThl TOpesKa CHaGKeHa
cTabU/IM3aTOPOM TOpeHus. V3yuannuch mpejebl
YCTOIHUMBOII paGoOThl TOPEJIKH B YCJOBHAX OTKPbI-
TOrO BO3/lyXa IPAKTHYECKM HEOrPAaHMYEHHOro 00b-
ema (puc.7). B panbHeiilmeM mepcrneKTUBHBIM SB-
JIETCS TIPOBe/IeHNe TaKMX MCC/IeJOBAHUN Ha IIpU-
POJHOM rase u GHOrase pasHOro COCTaBa, a TaKKe

U‘A
Puc.7. ®aken npun A = 0,7 u cojepKaHUN KHUCJIOPO/a B CMECH
[O,] = 18,28 %.
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UX CMeCIX, YTO IIO3BOJIUT BBIABUTb OCOOCHHOCTH
BJIMSIHUSI COCTaBa Ta3a Ha yCTOHYMBOCTH PabOTHI
ropeJiok [2].

ITpu 0606IIeHNN JaHHBIX PACCMATPHBAJINCH 3a-
KOHOMEPHOCTU TOPEHHUsT [IJisi CydaeB (DUKCHPOBAH-

HBIX PACXO/0B TOIUHBA Vpo, KO3 UIMEHTOB 13-

6bITKA BO3/yXa-OKWCJIHUTENS A M TEMIIEPATyPBI Tas30-
NapOBO3/IYIIHOW cMecH t;, Mepei BBIXOJIOM W3 TO-
penxu. bBrarogaps TPHUHATONH TEXHHUKE W3MepPeHUs
KOHIIEHTPAILINII KOMIIOHEHT C UCIIOJb30BAHUEM alllla-
parypor Testo map B anamusupyemoit mnpobe KOH-
JIEHCUPYETCsI, ONPEEAIOTCS 00beMHbIE JOJU KOM-
MIOHEHT B YCJOBHO Cyxoii (6e3 Biaru) raso-Bosiyii-
Hoii cmecu. Ilo aToil puynne PUKCHPOBAHHOE 3HA-
vyeHne [Oy] 0THO3HAUHO COOTBETCTBYET BEJIMUMHE A.

B mpomecce paGoThl TOpeJKH Ha TIPHUPOTHOM
raze OTMeYaeTcs IIPUHIMITNAIbHO Pa3JIMIHas
CTpYKTypa dakesna 1pu u3MeHEeHUU U36bITKA BO3-
ayxa. B cayuae Goraroii roproueii cmecn (A < 1,0;
® > 1,0) cpoiB (OTPBIB) rOpeHUst HE OTMEYAETCH,
a OCHOBHOM, IEHTpasbHbIl, (aken mquamerpom Dy
= 30 MM crabuan3upoBan y cpesa ropesku. Ha
HauaJbHOM ydacTKe (akesna (pUKCHpPYyeTCcsl TOTEH-
IIIATbHOE SIPO B BHUJE KOHYCA, I/le TOPeHne OTCYT-

[CO,], [021’ % vol

70 k, cm

Wiy

[CO;], [04], % vol
20

16

12
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Wiy
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6

Puc.8. Xoj Bbiropanus (akesia BAOJb €ro OCH B 3aBUCHMOCTH OT
PACCTOSIHUST OT CPe3a TOPEJIKU TIPU BJIATOCOEPIKAHUN NCXO/HOM
ra3o-Bo3/ynmoii cMecu 5—66 r/M3 (konmenTparus kommonent : 1
— [0y]; 2 — [CO,D : a) A=0,7, Vi = 4 M3/ 45 tyy= 35-40 °C;

6) h=1,05; Vo= 4-4,5 M3 /u; t;, = 30-40 °C.

CTBYET, a ra3oBasi CMeCb MIMeeT COCTaB, COBIIA/AI0-
MU ¢ UCXOAHBIM COCTABOM TrOpioveil cMecu. 3/ech
cogepxanue [O»] paBHo comep:xanmio [Os];, B uc-
XO/THOH Topiovuell cMecH. 3a mpejielaMu 3TOr0 yda-
CTKa 110 BbICOTE h B/10JIb OCH TIPOUCXO/UT BBITOPa-
Hue (akesa 10 Mepe YJaJeHUsI OT CPe3a TOPesKH
n pocta h, a Takke HaGJIOTAETCS 3KCTPEMATbHOE
nsMenenne Kouientpaiuu [Oy] mpu Hapacranun
COMEPKAHWS  KHUCJOpPOoJa TMocJe  JOCTHKEHUS
[O2]min (pI/IC.8).

[lnuaa daxena 6oraroil cMmecu IIPEBbBIINIAET
qiannHy ¢axesa CMecH OKOJIOCTEXHOMETPUYECKOrO
coctaBa (puc.8). Ilpu pacemorpennu axena Gora-
toil eMecu (A = 0,7) OTYETJIMBO Pa3IUYUMbl OCHOB-
HbIE JJIEMEHTBI €r0 CTPYKTYPBI: XOJOAHBIA KOHYC,
¢pouT naamenu, 3ona 06PATHBIX TOKOB, 06JIACTD
MOBBITIIEHHON CBETUMOCTH BOJIM3W CpPe3a TOPEJTKH.

B caywae cmecu, mo cocraBy OJHM3KOH K CTe-
XHOMEeTPHYECKOH, CKOPOCTH OTpbIBa TytaMeHn Wi
MOHIMXAIOTCST 10 CPABHEHWIO C TAKOBBIMH [JIsT 60O-
raThlX CMeceil, IOATBEp:KIas 3aKOHOMEPHOCTH,
npe/cTaBJeHHble B nccyaegoBanmu [2]. B aroit cBa-
3u ipu A ~ 1,05 nabuiojaeTcs MOBUCAHUE W OCHOB-
HOTO, U CTaOMJIN3UPYIOMUX (hakeJKOB HA PACCTOS-
aun h; ~ 0,5 Dy ot cpe3a ropeJiku.

[lobGaBJyieHe BJar B UCXOJHYIO Ta30-BO3/YTI-
HYIO CMechb OIIpe/leJIEeHHBIM 06pa3oM BJINSET Ha
crabuausanuio gakeira MpU CKUTAHUH TOATOTOB-
JIEHHBIX CMeceii Jiio60oro cocraBa. B ciayuae Gemnoii
cMecH, KOTJla CKUTaHue CyXOW CMeCH COMPOBOXK/IA-
eTcs moBucanueM Qakesa, ao6aBJIeHUE BJArd B
UCXO/JHYIO Ta30-BO3AYIIHYIO CMECh IIPUBOJIUT K
YBEJIMYEHUIO BbICOTHI noBucanusi h; dakena. s
cymecTBeHHo obexnennbix cmeceit (A > 1,2) mo-
6aBJeHne Mmapa B Ta30-BO3/YITHYIO CMeChb ITPHBO-
JIIT K OTPBIBY (hakesa.

[Ipu nogave mapa B ra3o-BO3AYIIHYIO CMECh B
YCJIOBUSIX COXPAHEHUs [1apaMeTpPOB HHXKEKTUPYIO-
MIMX areHTOB: TOPIOYErO Taza U KOMITPECCOPHOTO
BO3/lyXa Tepe/l COOTBETCTBYIOIUMHU COTJIAMH —
Ha6JII0/1aeTCsS OTPBIB OCHOBHOTO (pakesa M MOBHCA-
HUE CTaOUIN3NPYIONMX (PaKeTKOB HaJl CPE30M TO-
pesku. ITO CBSA3aHO € TMOHMKEHUEM CKOPOCTU TO-
peHusi cMecH, O0YCJIOBJIECHHBIM JIBYMSI TIPUYIMHAMU:
noHmxkenneM koadduirenTa n36bITKA BO3TyXa A
«6oratoit» cmecu (A < 1,0), noarorasauBaeMoil B
WHKEKIIMOHHOM CMecuTesie, U COOCTBEHHO BBOJIOM
mapa B ropiovyio cMechb u ee GaiacTupoBkoii. Ka-
JKJIash W3 TUX MPUUYNH TOHWKAET HOPMAJbHYIO
CKOPOCTDb PaCHpOCTPaHEeHUs IJIAMEHH Uy, YTO TPH-
BOJWUT K CHIDKEHWIO YCTOHYMBOCTH (haKesa MO OT-
HOIIIEHWIO K OTPBIBY.

«IloBucmiee» TIaMsi UMEET Yy CBOETO OCHOBA-
HUS 30HY aspaiuy, uTto obecrevynBaeT MOJBOJA K
(poHTY TOpEHWS AOTOJHHUTETBHOTO BO3yXa, yBe-
JuyeHue A u, cJjefoBaTeIbHO, Bo3pacTaHue u,. Ha
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(ponTe TOpeHuUs Ha6/I0AETCS PABEHCTBO JIOKAJIb-
HBIX CKOPOCTENl CMecH U TOpeHus, MpHu JaMHHAp-
HOM DEeXXUMe — CKOPOCTH U, YTO OPraHU3yeT CTa-
O6umazanuio (hbakeJKOB Ha HEKOTOPOM yjaneHuu h
OT Ccpe3a TOpeJIKU.

[IpoBenennble HAMU pacyeTHbIe UCCJE0BA-
HUsI U CONOCTABJIEHNS TOKA3aIM BO3PacTaHue Bpe-
Menn 3azaepskku Bocamenenus (ADT) 1o mepe
MOBBIIIEHNS BJAXKHOCTU Topilounx cmeceir [23].
Pocr ADT cBugerenbcTByeT O IIOHUIKEHUU BEPO-
STHOCTH BOCILIAMEHEHUs TOPIOYNX CMECeH 10 Me-
pe WX YBJAKHEHUS, a TaKyKe YKa3bIBAeT HA CHU-
JKeHne cTabuan3nupyioneil cnoco6HocT axesa.

B pat6ore [16] umerorcss ykazanus o6 nsMene-
Hun ¢dopmbl V-o6pasHoro ¢akena mnpu pasbasJie-
HUW CMECH BJIaroil M CXKUTAHWM MPHPOTHOTO rasa B
YCJIOBHAX 3aKPYYEHHOTO TIOTOKA.

IKCIEPUMEHTAIBHO YCTAHOBJIEHO PaCIIUPEHUe
PEaKIMOHHOI 30HBbI M MEePeJBUKEHIe MaKCHMyMa
uznyuenns OH gasee, BHU3 10 TIOTOKY € y/aJeHu-
eM OT ocu bakesa BCJIeJICTBUE MMOHUKEHHS CKOPO-
CTU TOPEHUsl B YCJOBHUAX BJIAKHOTO ropemus. bBo-
Jiee TOTO, YKa3bIBaeTcs, 4TO J[aJjibHeliliee MocJe
Q= 30 % ropenne BO3MOKHO TOJIbKO B CJIydYae, €c-
JII TeMIlepaTypa Ha BXOJle B KaMepy cropamus Oy-
JleT moBbIilieHa. B ciayvae maamenn Hy Bansnwme
pasbaBJieHNsT TapOM MeHee BBIPAYKEHO U JIOIyCKaeT
Q 1o 50 % [16].

B o6oux ciydagx ycTOWYMBOTO TOPEHUS: IPH
HOJIHOM cTabunu3anu y cpes3a Topejku, a teM 6o-
Jiee B cJydae ropuciiero gakeaa — B Cpe/Heil yac-
T (hakesa JOCTUTAETCS TEMIIEPATYPHBIA MAKCUMYM.

OTMeuaeTcss sKCTpEeMAJIbHBIN XapakTep H3Me-
HeHHUsT B arMocdepe KOHIIEHTPAIWT KOMIOHEHT
MPOJYKTOB CrOpaHusi CBOGOJIHOTO BEPTHKAJBHOTO
(daxena: ¢ muanmymom — 1o Oy (KOMIOHEHT uc-
XO/IHOII CMeCH W TPOAYKTOB CTOPAHUS B YCJIOBUSX
nx pas6asiennst B atMocdepe); ¢ MAKCUMYMOM —
110 COy (KOMIIOHEHT TIPOAYKTOB Cropatus, o6pa-
3yeMbIil B (pakesie 1 TIOCTETIEHHO pa30aBisieMblil B
BosymnHoii atmocdepe). Ilo aroii ke npuuunne co-
nepxxkanne NOy BIob ocu daxesna Takske MPOXO-
qut yepe3 MakcuMyM: [NOyglmax = [NO]pax-

O6pasoBanne NO, npu ropeHun
U BJIMSIHHE BBO/Ia BOJASIHOTO Tapa

Oxcuapl azora ¢ kounentpamusamu [NOy] =
[NO] + [NO,] B paccmarpuBaemom daxesie pes-
craByenbl mpakTudecku 1eaukoMm NO: [NOy] =
[NOJ; [NO3] — 0. 3nauerust [NOglpax B dakese
[PU TIPOYNX PaBHBIX ycJa0BHsX (TerioBass MoIi-
Hocth, cogaep:xkanne HyO) Bospacraor npu yBesm-
yeHun kKoadduimenTa m30bITKA BO3AyXa OT A &
0,7 1o A =~ 1,05. YcraHoBJIEHO TIPU M3MEPEHUSIX B

OIIMCBbIBAEMBIX OIIBITAX, YTO B Ipejesax ¢dakesa
BJI0JIb ero ocu kouimenrpanus [NO]| mpoxopur
yepe3 MaKCHUMYM TIPH JI060M pexxume u A1 60-
raTtoi, u s CTeXMOMeTpuyecKoil cMecu. Xapak-
tep kpusbix [NO] = f(//Dg) coxpausercs, a
snadenne [NO],.x MTOHMKAETCI ¢ POCTOM KOH-
IEHTPAIN BOJSHBIX TTApOB B HCXOJHON CMecCH.
[Toapob6ubiit ananua BJAUSHUS yPOBHSI BJaru Ha
obpaszoBarme NO mpexacraBieH B 06CYKACHNN
pe3yJIbTaTOB.

Ha pwuc.8 mpezcraBien Xo/i BBITOPAHUS TTOTO-
Ka IIOJrOTOBJIEHHON Ia30-BO3/YIIHOW CMeCcHu BJOJIb
ocn (pakesa TIpHU Pa3INIHON BIASKHOCTH MCXOTHOMN
cMecw. MuHMMaJbHAS BJIAKHOCTb CMECH COOTBET-
CTBYET CJIydyai ToJa4yu YcJaoBHO cyxoil (6e3 crie-
[IMAJbHOrO BBOJA Napa) Tas30-BO3/YIIHOW CMecH.
Hecmotrpsa na Tto, uro kpusble usmenenug COy un
Oy Brosb ocu dakesa IPU U3MEHEHUM Y/AJCHUS
OT Cpe3a TOPEJKH 3aBUCAT OT BJAKHOCTH HCXO/I-
HOIi TOopioYeil cMecH, YJaJ0Ch YCTAaHOBUTDH ITPAKTH-
YecKoe COBIAJIeHUE JIOKAJIU3AIUN dKCTPEMATbHBIX
suavenuit [CO9lpax 1 [O2]min IpH BapbupoBaHmm
a6CcoMoTHO BaaskHOiT cMecu dj, or 5 10 66 T,/ M3:

h[COZ]max ~ h[O2]Inin~
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Puc.9. Konnenrpauns [NOJ Ha ocu ¢daxesna B 3aBUCUMOCTH OT
pacCTOsSIHUSL OT CPe3a TOPEJIKH TIPH Pa3/IndyHOM BJATOCOEpPIKa-
HUN FCXOJIHOH Ta30-BO3MYNIHOI cMecw, T/M3: crjomHas —
10—15; mrpux-nyHkrupHas — 30-35; /ABOiiHAs MITPUX-IIYHK-
tupaas — 50—60. O6osnavenuss a, 6 kak na puc.8. Obsactb
MakcuMasbiblix Konuenrparuit [NO] . 3aTeMHenHa.
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C ydeToM mapoco/iep’KaHus MOTOKA HMCXOIHOM
ropioueii cMecH ypOBEHb BapbUPOBAHUS COCTAaBa CO-
OTBETCTBYET TeMIIEPATYype HACBIIEHNSI — TOYKe Po-
CBI 10 ty dew & 35—45 °C ana BIaXKHOTO BO3JAyXa
(mapo-Bo3/yniHoil cmecr). Buiarocomepskanue Bo3-
JIyXa MPHU 3TOM COOTBETCTBYET WJHU CJIa00 MPEBBI-
HaeT 3HAYeHUsI, XapaKTepPHbIe /s YKPAWHCKUX
KJUMATUYECKUX YCJIOBUIA.

Kapruna usmenenus [NO] B 3aBucuMoctu or
PACCTOSIHUS OT CPe3a TOPEJIKH [PU PA3JIMIHOM BJia-
rOCOJIep>)KAaHUN MCXOJHOH Ta30-BO3AYITHOH CMecH
(cM. puc.5) TakKe COMPOBOKAACTCS JOCTUKEHUEM
HekoTopbiX BesnunH [NO]J .. O6sacts daxesna
Boite ceuenuit, tiae [NO] — [NO],.x Ha ocu, xa-
paKTepusyercs MOCTEIEeHHbIM Pa30aBJeHueM CMeCH
U CHIDKEHHEM KOHIleHTpaiuu okcuzoB azora NOy.

ITo Mepe yBenuyeHus BJIAKHOCTH MCXOJTHOMN
ropioueii cmecu ypoeb [NO] Ha ocu dakesa 1o-
HuskaeTcsl. V3MeHeHUe JIOKAJTbHOM KOHIEHTPAIUN
[NO] 3aBucuT OT NOJIOKEHUS aHATU3UPYEMOl TOU-
Ku. [Ipu MOBBINIEHUE BJIAKHOCTU TOPIOYEl CMecH
cOOTBeTCTBeHHO MeHseTcs BeandmHa [NO]J.x B
npegenax dakensa. O6acTh JOKATH3AIIMH YIaCTKA
[NO]hax 10 BbicOTE bakesa u yaasnennio h or cpe-
32 TOPEJIKU MPAKTUYECKU COXPAHIETCS TIPU Bapbu-
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Puc.10. 3aBucumocts [NO,] .« Ha ocn akesa o aGCoMOTHOI
BJIQKHOCTH Ta30-1MAPOBO3/YIIHOA CMECH B KOHTPOJIBHON TOUKe
nepes cpesoM ropesxn. O6osHauenns a, 6 Kaxk Ha puc.8.

poBanun Biaxuoctu (puc.9). O6aactb Bbicor h,
cootBeTcTBYyIomas moyokennio [NO]J..x, Ha yKa-
3aHHBIX puc.9,a,6 3areMHeHa.

3aBucuMocTb [NOJ ) ax OT BIGKHOCTU rOpioveii
cMecu rokaszana Ha puc.10, KayecTBEHHO W KOJIMYe-
CTBEHHO TIOJTBEPKIasd BO3MOKHOCTb MCIIOJb30Ba-
HUsL 100aBKM T1apa B UCXOHYIO CMECh C IIEJbIO CO-
KpaleHns BIOPOCOB OKCH/IOB a30Ta TP CXKUTAHUN
MO/ITOTOBJIEHHON CMeCH MPUPOIHOTO ra3a ¢ BO3JY-
XOM HEMOCPE/ICTBEHHO B OKpysKafomieil atMocdepe.

[lannbre puc.10 ykas3pBaloT Ha BO3MOKHOCTH
MPAaKTHYECKN JBYKPATHOTO COKPAIIEHUsS BBIXO/A
OKCHUJIOB a30Ta MPHU MOBBINIEHUN BJIAKHOCTH Oora-
Toit ropioueit cmecn dj, no Gomee 60 r /M3, Ilo xa-
pakrepy sasucumoctb [NO] or d;, xadecrBerHo
COOTBETCTBYET PACUETHBIM 3aBUCHUMOCTAM, I0JIY-
YEHHDBIM [IPU TEPMOJMHAMUYECKOM aHAJMU3€e BJIMSA-
HUSI YBJIQKHEHUs BO3iyXa-okucaurenas (yBesaude-
HUs aGCOTIOTHOrO BJIArOCOAEPIKAHUA) JUOO MyTeM
CFD-MozenmpoBanuu TOPEHUST MOATOTOBJIEHHDBIX
cMeceil B NMMJMHAPWUYECKO# Kamepe cropanus |10,
11] nns yenoBuit mogorpeBa Bo3/yXa ropeHus.

BboiBo1b1

Boimosienbl 9KCriepuMeHTaIbHbIE UCCJIe[0Ba-
HUSL COKUTAHUSI TOJATOTOBJEHHBIX Ta30-BO3/YIIHBIX
cmeceil 1 GopmupoBanus cBo6ogHoro dakena B
OKPY’KaIoIeM BO3JyXe. YCTAHOBJEHO, YTO TIO
cpasuennuio ¢ 6orateiMu (A =~ 0,7) cMecaMu CoKHTa-
HUE CTEXHOMETPUYECKUX U OKOJIOCTEXHOMETpHYe-
ckux (A = 1,05) cMeceil CONPOBOKAAETCST YKOPOUE-
HueM akesa.

[Ipemioskena MeTONOJIOTUST AHATU3A BJIUSHUS
VBJIQKHEHUST BO3/[yXa-OKUCJIUTENsT B (OpMe aTMo-
chepHOro BoO3/yXa Ha IIPOLECCHI ropenust u obpa-
3oBaHMsA OKCUIOB a30ota NOy B YCJIOBUSIX dKCIIEPH-
MEHTAJbHBIX HCCJICTOBAHUI.

OTMeuaeTcss sKCTpEeMAJbHBIH XapakTep H3Me-
HEHWST KOHIEHTPAIUl KOMIIOHEHT TPOJYKTOB CTO-
paHus MPHU CKUTAHWUW MPUPOHOTO Tasza B CBOOO/I-
HOM (pakese B armocdepe: ¢ MUHUMYMOM — TIO
O, (KOMIOHEHT HCXOAHOH CMECH M IIPOLYKTOB
CTOpaHUs B yCJOBUAX WX pas3baBieHus B arMocde-
pe); ¢ makcumymom — 10 CO9 (KOMIIOHEHT TIpo-
IYKTOB Cropanusi, o6pasyemblii B ¢axese u mocTe-
neHHo PpasbaBJsgeMblili B BO3AyIIHOI atMocdepe).
[To aroii sxe mpuunne cozpepskanue NOy BIOTb OCH
daxena Takxke TIPOXOAUT UYepe3 MAKCUMYM:
[NOglmax = [NOJyax. B Hacrogmeit pabore ormpe-
JIeJISTIoNIell XapaKTepUCTUKON 1pu 06001eHnN JlaH-
HBIX IO 0OpPa30BAaHMIO OKCHAOB a3oTa B (pakese
CIAYKUT MakcuMasbHas KoHleHTpaius NOy B0Jb
ocu darena [NOglnax. Kaxmomy pexumy coot-
BETCTBYEeT OTMeTKa h, Ha KOTOpO# mocTHTaercs
[NOx I max-
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BbisiBlieHO MOHOTOHHOE COKpAIlleHue yPOBHSI
[NOglmax B cBOGoAHOM bakese IO Mepe yBJIAXK-
HEHMsI MCXOJ/HOI CMecu IPUPOJHOTO raza ¢ BO3-
JIYXOM, OOOTAIl[eHHBIM [TapOM, 110 CPABHEHUIO CO
cay4aeM CXKUTaHUs Tasa ¢ «Cyxum» (ycaoBHO)
Bo3ayxoM. IIpu stom obecnednBaercst ABYKpart-
noe cumxenue [NOy]n.x B cBoGOgHOM (dakere
CTEXNOMETPUYECKON cMecH Mpu aGCOJIOTHOM CO-
nepskannu 1mapa B Bosayxe d, = 50 /M3, 910
3HAUYEHWE COOTBETCTBYET TeMIleparype Hacblle-
Hus Bosayxa (rouke pocbl) npumepuo 35 °C,
YTO SIBJISIETCSI BIIOJIHE PEAJTHHBIM B PA3HBIX KJIH-
MATHYECKUX 30HAX, OCOOEHHO B JIOK/JUBBIE JIET-
HUE [JTHH.
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CkopoueHHS1 BUKHIB OKCHU/IB a30Ty
y BiakpuroMy akesai NPHPOJAHOrO rasy
NpU BBEJEHHI BOJASAHOI Mapu y TMOTIK TNOBITPSI TOPiIHHS

[Ipe/cTaBieHo pesyIbTaTi eKCIePUMEHTAIBHOTO J10cTi/uKeH st BBeeHHs apu (HyO) n0 ckiay
TiITOTOBIEHOT Ta30-TIOBITPSTHOT CyMillri, IO TIOJA€TbCS Ha TOPiHHA. BuBYeHO BIJIMB Tapu B
cyMillli Ha piBeHb OKCH/IB a30Ty B IPOJAYKTaX cramoBaHHd. OIMCAHO METOJMKY eKClIepUMeH-
TaJbHOTO JIOCJIi/PKEHHSI, KOHCTPYKILI0 BOTHEBOI YCTAaHOBKU Ta KOHTPOJIbHO-BUMipIOBAJIbHY amapa-
TYPY, 10 BUKOPHCTaHi MPU JOCTI/KEHHSIX. BUBUeHO 0coOMMBOCTI cTabisisarii ropiHHs, CTPyK-
TYpY BiJIbHOTO BEPTUKAJILHOTO (hakesy B 3aI€KHOCTI Bijl CKJIAy TOPIOYOT CyMillli, a TaKOX BMiCT
Bosiorn — Kounentpanii HoO y mnoxigniit raso-nositpsaniii cymimi. IIposeneno nopiBHAIbHY
ouinky piBHg NOy y Bizkputomy axesi B 3aJeKHOCTI Bijl TeMIepaTypu Ta CKJaLy BUXiJHOT
CyMillli IPUPOIHOTO Tady Ta MOBITPst (CHIBBIAHOIIEHHS «TOBITPS : ra3»). J[OKa3aHO MOMKJIMBICTH
JIBOKPATHOTO CKOpOYeHHs MakcuMasbuoi Kourenrparii NOp.y vy dakeni mpu 36arauenti
BUXI/IHOI Ta3o-ToBiTPstHOT cymini mapoio. b5iba. 23, puc. 10, maba. 1.

KmouoBi ciaoBa: armocdepHmii majbHUK, BOJSHA Iapa, BOTHEBUN CTEH[[, OKCHIM a30Ty,
NPUPOJHUI Tra3, 3BOJIOKEHHS TOBITPA-OKUCIIOBAYA, (paKkes ropiHHSA, eXeKIilHUN TMaabHUK
3 /IBOMa aKTUBHUMHU CTPYMEHSIMU.
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Reduction of Nitrogen Oxides Effluents
within an Open Flame by Input the Water Vapour
into Combustion Air Flow

The state-of-the art the problem concerning reduction the NOy formation by humidification
the combustion air is briefly consideredan, alized and discussed. The proper technologies of
combustion the wet inflammable mixtures are considered for the cases of using the water
vapour pump (WVP), Maisotsenko cycle (M-cycle) and suitable facilities along with the cases
of operation the combined systems with heat recovery due transfer the water vapour energy to
working medium (combustion products). Both environmental and power advantages of the
systems of «wet combustion» have been demonstrated accordingly data collected in some ear-
lier researches. The results of experimental researches of burning process under conditions of
input the water vapour into the gas—air mixture to be supplied for combustion are presented in
the paper in frame of consideration the results of own authors’ tests. Given information con-
cerning the investigation of environmental consequences of impact the water vapour within the
inflammable mixture on nitrogen oxides NOy value in combustion products ([NOy] concentra-
tion) has been generalized. The techniques of experimental researches, the design of firing rig
and instrumentation, used in the tests have been described. The distinction of ignition the nat-
ural gas-air mixture and of stable flame maintenance for case of free vertical flame operation
have been evaluated in dependence on inflammable mixture’s composition along with studying
of impact a moisture content — H»O concentration in initial gas-air mixture. Comparative
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evaluations of NO value within an open flame in dependence on temperature and on com-

position of initial natural gas — air mixture (ratio <air :

gas») have been carried out. An

opportunity of two-times reduction of maximum NOy,.x concentration within a flame by ini-
tial gas-air mixture enrichment with water vapour has been proven. Bibl. 23, Fig.10, Tab.1.
Key words: atmospheric burner, combustion flame, ejection burner with two active jets,
firing rig, humidification of combustion air, natural gas, nitrogen oxides, water vapor.
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