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EBpa3HHCKHH HaU:HOHaJibHbIH yirnBepcHTeT HM. JI.H. r)'MliJieBa, r.AcTaHa 

2 
AnMaTHHCKHH yttHBepcHTeT 3HepreTHKH H CB513H, r .AnMaTbI 

Annomal(UR. B cmambe paccMampuea10mc5l p031lUt.tHble euobz mpy6 Oil.fl CMeweHUJt, 

monlluea c eo3oyxoM. IIpoeeoeH aHaJlU3 pmllut.tHblX eapuaHmoe cMeweHuJl TBC e 
2moeou 2opellKe. Ilpueoo5lmc5l pe3yllbmambz, maKue KaK - KOHmypbz meMnepamyp, 

cKopocmeu u KOH'iJeHmpaZfUU monlluea. IIpeocmaelleHHbze pe3yllbmambz ucnollb3y10mcJ1 

Oil.fl npoeKmupoeaHUJl HOBblX 2030BblX 2opeJlOK, n03BOJl5l70UfUX noebzcumb 

3qxpeKmueHocmb pa6ombz KC u CHU3Umb ebz6pocbz epeoHbZX eeUfecme I'TY e ZfellOM. 

KmoqeBLie CJIOBa: 3aKpyrKa, 'Ipy6a, TOIIJIMBO, B03,n:yx, CMeCh, rrepeMeIJrnBaHMe. 

BBeJJ;euue 

Pa3pa60TKa npHHU:HTIHaJibHO HOBbIX KOHCTp)'KTHBHbIX cxeM ycTpOHCTB ,lJ;JUI 

C)l(HraHH51 Tonmrna Tpe6yeT nepecMOTPa p51.n:a noJIO)l(eHHH, xapaKTepH3yiorn;i1x 

pa6otIHH npou:ecc TPa.lJ:HU:HOHHO cpopcyttotIHO-ropenotIHhIX ycTpoiicTB H KaMep 

cropaHH51. 3.n:ecb u:enecoo6pa3HO MaKCHMaJihHoe paccpe.n:oTotieHHe otiaroB 

ropeHH51 no cetieHHIO pa6otieH 30Hbl H opraHH3aU:H51 npH B03MO)l(HOCTH 

npe.n:sapHTeJibHOro CMeceo6pa30BaHH51 B 3JieMeHTax ropeJIOtIHbIX ycTpOHCTB. 

Pea.rrH3aU:H51 )'Ka3aHHhIX Meponpli51THH B TOTIJIHBOC)l(Hraroiu:Hx ycTPolicTsax 

pa3JIHtIHOro Ha3HatieHH51 Il03BOJI51T: TIO):(H51Tb 3KOHOMHtIHOCTb, CHH3liTb 

TOKCHtIHOCTb, MeTaJIJIOeMKOCTb, Macey, yMeHbllIHTb ra6apHTbI KaMepbI cropamui, 

a TaK)l(e o6ecnetIHTb BbICOK)'IO TIOJIHOTY cropaHH51, )'MeHbllIHTb Ca)l(eo6pa3oBaHlie 

H o6pa30BaHHe OKHCJIOB a30Ta [1,2]. 
IlpH )'CJIOBHH ):(OCTaTOtIHO 60JibllIOH TeTIJIOTBOpHOH cnoco6HOCTH 

ra3oo6pa3HbIX TOTIJIHB HX C)l(HraHHe He BbI3bIBaeT oco6bIX npo6JieM. 06b1qHO 

ropeHHe ra3a npOHCXO):(HT c MaJibIM o6pa30BaHHeM Ca)l(H H OKHCJIOB a30Ta. 

OcHoBHoli TPY.lJ:HOCThIO 51BJI51eTc51 .n:ocTH)l(eHHe onTHMaJibHoro yposIDI 

nepeMenmBaHH51 B 30He ropeHH51. CJIHIIIKOM HHTeHCHBHoe nepeMern1rnaHHe 

cy)l(aeT npe.n:eJibI ycTOHtIHBOro ropeHH51, a CJIHIIIKOM cna6oe MO)l(eT Bb13BaTb 

BH6pau;HOHHOe ropeHHe c KOJie6aHH51MH ):(aBJieHH51. 

Oco6oe BHHMaHHe npH KOHCTPYHPOBaHHH ra30BbIX ropenoK cne.n:yeT y.n:eIDITh 

BbI6pocaM Bpe,ll;HblX BeIIJ;eCTB. K HMM OTHOC51TC51 OKHCJibl a30Ta, OCHOBHaH tiaCTb 

KOTOpbIX o6pa3yeTC51 B pe3)'JihTaTe OKHCJieHH51 a30Ta HaX0):(51IIJ;eroc51 B B03):()'Xe B 

BbICOKOTeMnepaTypHbIX 30Hax KaMepbI cropaHH51. 



!naBHhIM q>aKTopoM, orrpe.z:i:erunom:HM o6pa:mBaHHe NOx, 5IBIDieTCJI 

TeMrrepaTypa. ,l(eifcTBHTeJioHO, BoI6poc NOx 3KCIIOHeHI..J;HaJIDHO B03pacTaeT c 

IIOBbIIIIeHHeM TeMrrepaTypbI IIJiaMeHH. 

,l(JI5I 6oJibllIHHCTBa rrpaKTHqecKHX :o:ene.H: OCTaJibHbie rrapaMeTPDI MO)l(IIO 

yqHTbIBaTb JIHillb B TOM Mepe, B KaKOM OHM BJIHJIIOT Ha TeMIIepaTypy IIJiaMeHH. 

Ilo3TOMY ):(JI5I YMeHoIIIeHHJI BhIXo.z:i:a NOx B rrepBym oqepe.z:i:o Heo6xo):(HMO CHH3HTh 

TeMrrepaTypy B 30He peaK:o;HH. 3aTeM BmKHO HCKJIIOqHTb JIOKaJibHbie ropJiqHe 

o6JiaCTH B 30He peaK:o;HH, IIOCKOJibKY He):(OCTaToqHo ):(OCTHrttyTb rrpHeMJieMoro 

CHH)l(eHHJI cpe.z:i:HeM TeMrrepaTypoI, ecJIH OCTattyTC51 JIOKaJibHbie o6JiaCTH BbICOKOM 

TeMrrepaTypoI, B KOTOpoix cKopocTb o6pa3oBaHHJI NOx 6y.z:i:eT BeJIHKa. HaKoHe:o;, 

BpeMJI, B TeqeHHe KOToporo MO)l(eT rrpoHcxo.z:i:HTb o6pa3oBaHHe NOx, ):(OJI)l(HO 

6oITh cBe.z:i:eHo K MHHHMYMY [2]. 
CorJiaCHO [2-5] K MeTO):(aM CHH)l(eHHJI o6pa30BaHHJI OKCH):(OB a30Ta OTHOCJIT 

roMoreHH3a:O:HIO. YnyqIIIeHHoe rrepeMeIIIHBaHHe TOIIJIHBa H Bo3.z:i:yxa .z:i:o ropeHHJI 

rrocpe):(CTBOM JiyqIIIero paCIIbIJIHBaHHJI H pacrrpe.z:i:eneHHJI TOIIJIHBa H yseJIHqeHHJI 

rreperra.z:i:a .z:i:aBJieHHJI Ha )l(apoBoif TPY6e c.z:i:enano 601 6onee paBHOMepHoif 

TeMrrepaTypy rrnaMeHH B 30He ropeHHJI. 

TaKHM o6pa3oM, pa3pa6oTKH, Ha:o;eneHHbie Ha ):(aJibHeifIIIee 

COBepIIIeHCTBOBaHHe TOIIJIHBOC)l(HraIOm:Hx CHCTeM ):(JI5I KaMep cropaHH51 !TY 

HMeIOT Ba)l(IIOe HapO):(HOX035IMCTBeHHOe H CO:O:HaJibHOe 3HaqeHHe. 

llcXO):(JI H3 3TOro, aBTOpbI coqJIH Ba)l(HblM Heo6XO):(HMOCTb H3yqeHHJI 

rrpo:o:eccoB rrepeMeIIIHBaHHJI TOIIJIHBa c Bo3.z:i:yxoM rrepe.z:i: rro.z:i:aqeif B 30HY ropeHHJI, 

Ha pa3JIHqHhIX BH):(ax KOHCTPYK:O:HM TPY6 .ll:JI5I rro.z:i:aqH TOIIJIHBa. 

1 KoucTpyKu:uu Tpy6 
Ha pHCYHKe 1 rrpe.z:i:cTaBJieHDI KOHCTPYK:O:HH TPY6 ):(JI5I rrepeMeIIIHBaHHJI 

TOIIJIHBa. IlpHH:O:HII pa60TbI Tpy6oI cne.z:i:ymm:Hif: TOIIJIHBO BBO):(HTCJI B 

rrpocTPaHCTBO TPY601 (3) qepe3 TPY6Ky ):(JI5I rro.z:i:qH TOIIJIHBa (1), a B03):(yx 

rro.z:i:aeTCJI Ha Bxo.z:i:e B Tpy6y (2). B TPY6ax c 3aKpYTKOM rrocTyrramm:Hif B03.ll:yx 

3aKpyqHBaeTC51 rrpH IIOMOID:H 3aKpyqHBaIOm:Hx JIOIIaTOK. Ilocne 3TOro TOIIJIHBHO

B03.z:i:yIIIHaJI CMeCb IIOCTyrraeT B pa3):(aTOqttbie rraTPy6KH ( 4). BcJie):(CTBHe 

OTCYTCTBHJI Heo6xo.z:i:HMOCTH MO):(eJIHpOBaHHJI rrpo:o:ecca ropeHHJI, TPY6KH 6ornH 

YKOpoqeHbI. Tpy6a ):(JI5I rro.z:i:aqH TOIIJIHBa THII 3 OTJIHqaeTC51 OT BCex OCTaJibHbIX 

TeM, qTo B Hell ocyn.i;eCTBJI5IeTC51 TaHreH:O:HaJibHbIM IIO):(BO):( TOIIJIHBa. Tpy6oI THII 4 
H 5 OTJIHqamTcJI TeM, qTo B HHX B TPY6Ke ):(JI5I rro.z:i:aqH TOIIJIHBa ycTaHOBJieHa 

Haca.z:i:Ka (pHCYHOK 2). 
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1 

T~n 1 Tt.tn2 

J: 

TL'fn3 nm3 

• 

Tllin4 Mecra cpeaoe 

1 - rpy6Ka .IJ:llil rro,n:atIM TOIIJIBBa; 2-BXO.IJ: B03,n:yxa; 3 - Koprryc rpy6bI ,D:IDI 

rro,n:atIM TOIIJIBBa; 4 - pa3,n:aTOtIHbie rrarpy6KM; 5 - Haca,n:Ka Ha Tpy6Ky )J;IDI rro,n:a1Ill 
TOIIJIBBa; 6 - 3a:KpYtJMBaIOII(Me JIOIIaTKM; 7 - cpe3 B rpy6e .IJ:IDI rro,n:atIM TOIIJIHB3 
(pMCyttOK 6); 8 - cpe3 Ha rrarpy6Kax .IJ:IDI pa3,n:atIM TOIIJIMBa (pMCYHOK 7). 

P11cyttoK 1 - BapMaHTbI KOHCTPYKQMM Tpy6 



PHC)'HOK 2 - 06rn:uH: BH,n: OTBepcnrn ,n:JUI rro,n:aq11 Torrmrna 

2 ffaqaJILHhie u rpauuqu1>1e ycJIOBHH 
,[(JUI pacqeTa TPY6 ,n:JUI rrepeMeIIIHBaHlUI Torrrr11Ba 11crrorrh30Barr11co 

HaqarroHhie ycrroBlUI rrpe,n:cTaBrreHHhie B Ta6rrm.:i:e 1. 

Ta6rrm.:i:a 1 
IIapaMeTP E,n:11H11ua113MepeHlUI BerrH~Ha 

Korr11qecTBO 51qeeK Terra - 500000 
HaqarroHa5I TeMIIepaTypa 

K 300 
Torrmrna 

HaqarroHa5ITeMIIeparypa 
K 450 

B03.UVXa 

CKopocTh rro,n:aBaeMoro 
M/C 15 

B03.zzyxa 

Pacxo.n: Torrrr11Ba Kr/c 0,005 

rpauuquble YCJIOBHH. f paHHqHhie ycrrOBlUI Ha BXO,L(e B03.zzyxa 3a,n:aBaITMCb 

TeMrrepaTypo:H: H CKOpOCTbIO TeqeHlUI. f paHHqHbie ycrrOBlUI Ha Bxo,n:e TOIIrrHBa 

3a,n:aBarr11co MaccoBhIM pacxo,n:oM 11 TeMrrepaTypo:H:. CTeHKH KaK TBep,n:Die Terra. A 
BhIXO,n: 3a,n:aBarrc51 ,n:aBrreHHeM (pressure outlet). 

3 Pe3yJI1>TaT1>1 u auaJIH3 
B pe3yrroTaTe rrpoBe,n:eHHoro ~crreHHoro Mo,n:errHpoBaHlUI rrorryqeHDI 

KOHTypbI TeMrrepaTyp, CKOpOCTeH H KOHQeH'TpaQHH TOIIITHBa. 

TeMnepaTypa. B pe3yrroTaTe pacqeToB 6ornH rrorryqeHoI KOHTyphI 

TeMrrepaTyp rrpH pa3rrHqHbIX yrrrax ycTaHOBKM rrorraTOK ,[(JUI 3aKpyqHBaHlUI 

IIOTOKa. Ha pHC)'HKe 3 rrpe,n:cTaBrreHbI KOHTypbI TeMIIepaTyp pa3rrHqHhIX 

Bap11aHTOB TPY6 ,n:JUI rro,n:a~ TOIIITHBa. I-fa pHC)'HKOB 0Trr11qHo BH,n:Ho qTo rrp11 
TaHreHQHaIThHOH rro,n:aqe TOIIrrHBa Ha OCH TPY6oI cyiueCTByeT o6rraCTh BhICOKOH 

TeMrrepaTypoI ( 450 K) KOTopa5I rrpoTMHBaeTC5I .n:o KOHUa TPY6oI. B11,n:Ho, qTo c 

3aKpYTKOH ( THII 3) ITHHlUI HH3KMX TeMrrepaTyp HMeeT 6orree IIIHpOKHe cpopMbI. A 
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rrpH ycTaHOBKe OTBepcTIDI TOIIJIHBa rrepeMeI.IIHBaHHe no TeMrrepaType rrpOHCXO,IJ,MT 

eru:e patthme, rrpaKTHqecKH y ycTh51 TPY6KH ,IJ,M rro,IJ,aqH TOIIJIHBa. 

T~n2 T1-1n 3 
T1-1nS 

PHcyttoK 3 - KoHTyphI TeMrrepaTyp B 3aBHCHMOCTH OT yr11a pacrroJIO)l(eHIDI 

JIOIIaTOK 

CKopocTb. Ha pHcyttKe 4 rrpe,IJ,cTaBJieHhI KOHTyphI oceBhIX cKopocTeii: 

pa3JIHqffhlX THIIOB TPY6. 

T1-1n 2 T111n4 

PHcyttoK 4 - KoHTyphI cKopocTeH: B 3aBHCHMOCTH OT yr11a pacrroJIO)l(eHIDI 

JIOIIaTOK 

IlpH TaHreHI:J;HaJihHOH IIO,IJ,aqe TOIIJIHBa rrpHBe)J,eHhl KOHTyphl pa,IJ,HaJihHblX 

CKopocTeH:. )l{eJIThIH QBeT - 3TO rroJIO)l(HTeJihHhie, a CHHHH - 3TO OTPHQaTeJihHbie 

CKOpOCTH. IlpH IIO,IJ,aqe TOIIJIHBa H OTCYTCTBHH 3aKpYTKH (THII 2) BH)J,HO, qTO B 

30He rrepe,IJ, pa3,IJ,alOI.QHMH IIaTPy6KaMH cyii.i:ecTByeT 30Ha c o6paTHhIMH 

TeqeHIDIMH, qTo C03)J,aeT ,IJ,OIIOJIHHTeJihHOe corrpoTHBJieHHe H CHH)l(aeT CKOpOCTb 

TeqeHIDI. IlpH 3aKpyTKe IIOTOKa (THII 3) BH,IJ,HO, qTo y OCHOBaHIDI Tpy6KH ,UIDI 

IIO,IJ,aqH ra3a cymeCTByeT o6paTHOe TeqeHHe. IlpH IIO,IJ,aqe qepe3 OTBepCTIDI (nm 
4,5) BH,IJ,HO, qTo OTCYTCTBYJOT o6paTHhie TeqeHIDI. 

Kouu:euTpau:nn. Ha pHcyttKe 5 rrpe,IJ,cTaBJieHhI KOHTypnI pacrrpocTPaHeHIDI 

KOHQeHTPaQHH TOIIJIHBa. 
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TMn2 TMnS 

PHC)'HOK 5 - KoHTyp:o1 cKopocTeli B 3aBHCHMOCTH OT yrrra pacrrorro)l(eHIDI 

rrorraToK 

113 pHC)'HKa BH,[(HO, KaK H3MeIDUOTC.H TetJ:eHIDI TOIIJIHBa B 3aBHCHMOCTH OT 

KOHCTP)'Kll:HH TPY6. IlpH TaHrem.i;HarrbHOM rro,n:Bo,n:e, TOIIJIHBO ,n:BHraeTc.sr B,n:orr:o 

cTeHoK cHrro:H 3aKpyTKH, rrpH,n:aBaeMoli TaHrem.i;HarrbHbIM rro,n:Bo,n:oM. EcJIH 

cpaBHHBaTb BapHaHTbl 2,3 BH,[(HO, 1ITO rrpH 3aKpYTKe TOIIJIHBO HMeeT 6orree 

nmpoKHli KOHTyp. IlpH ycTaHOBKe OTBepcTIDI Ha TPY6Ky ,n:ITH rro,n:atJ:H TOIIJIHBa, 

BH,[(HO, 1ITO TOIIJIHBO CMenmBaeTC.H paH:OIIIe. 

Ha pHC)'HKax 6, 7 rrpHBe,n:eHbI KOHI.J;eHTPaU:HH TOIIJIHBa B,n:orr:o ocH TPY6:01 H 

rraTpy6Ka ,n:ITH pa3,n:atJ:H TOIIJIHBa (pHcyHoK 1 ). Ha pHC)'HKe 6 rrpHBe,n:eHbI 

KOHU:eHTPaU:HH TOIIJIHBa Ha 0,[(HOM H TOM )Ke cpe3e Ha pa3JIH1IHbIX THrrax TPY6. I-fa 
pHC)'HKa OTtJ:eTJIHBO BH,[(HO, 1ITO rrpH TaHreHU:HaJibHOM IIO,[(BO,n:e, TOIIJIHBO 

CHH)l(aeTc.sr Ha ocH H YBeJIHtJ:HBaeTc.sr Ha Kpa.srx. IlpH 2,3 THrrax TPY6 TOIIJIHBO 

HMeeT BbICOKYJO KOHU:eHTPau:mo B,[(OJib OCH, XOT.H rrpH 3aKpyTKe 3aBHCHMOCTb 

6orree rrorrora.sr (THII 3). CaMbie poBHbie 3aBHCHMOCTH KOHU:eHTpau:Hli BH,n:H:OI rrpH 

pacrrbIJIHBaHHH tiepe3 crreu:Harr:oHoe OTBepcTHe. KoHu:eHTPaU:HH paBHOMepHI:.I no 

BCeMY cpe3y Tpy6:01. 

!ii! 
'i' 
ra' 
ID 
s: -+-llml 

~ - T1m2 
a: s: ::r -+-llm3 
fl 

E" ~llm4 
II ::r 
!i ~llmS 
::.:: 

-0,03 -0,02 -0,01 0 0,01 0,02 0,03 

PacCTORHMe no OCM, M 

PHC)'HOK 6 - KoHU:eHTPaU:HH TOIIJIHBa Ha cpe3e TPY6KH ,n:ITH pa3,n:atJ:H TOIIJIHBa 
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IIpaKTnqecKH amu:rornqifYIO cnTya:u;nro MO)KHO ysn.n:eTo Ha cpe3e B 

pa3.n:aromeM nai:py6Ke (pHCYHOK 7). 3.n:eco KapTnHa He CTOJib oqeBn.n:Ha. Bn.n:Ho, 
qTo MHHHMaJibHa.51 KOHQeHTpal(IDI TOTIJIHBa HMeeTC5I npH 3aKpyTKe (THTI 3) a 
MaKCMMaJioHa.H npn TaHreH1(HaJibHOM no.n:Bo.n:e. XoT.H npn cnel(HaJihHOM 
OTBepCTHH (THTI 4,5) TOTIJIHBO paBHOMepHO, HO KOH1(eHi:pa1(IDI 60Jiome, qeM IIpH 
061>1qHo:H: 3aKpYTKe (Tnn 3). TaK)Ke BMJJ:HO, qTo c 3aKpyTKOH n OTBepcTHeM (THII 5) 
KOH1(eHi:pa1(IDI TOTIJIHBa Hlf)Ke, qeM 6e3 3aKpYTKH (THTI 6). 

0,33 

0,31 

!ia 

'i 0,29 *--*'~~-"*-'"*-~~~f-~~f,J~~ 
;' 0,27 ..,.._---~---------
~ 

"' ~ 0,25 
:c 
Q) 

f 0,23 
0 

::.:: 0,21 ~~r~~~ ..... --:1~--.~~~-------

0,19 
0 2 4 6 8 10 

PacCTOJIHHe no AHaMerpy, MM 

~Tl.ml 

- Tlim2 

-&--Tlim 3 

~T"m4 

~nms 

PHCYHOK 7 - KoH1(eHTpa1(HH TOTIJIHBa Ha cpe3e pa3.n:aromero naTpy6Ka 

3aKJIJOcieuue 
113 pe3yJioTaTOB npoBe.n:eHHOro MO.D:eJIHpOBaHIDI MO)KHO c.n:eJiaTb CJie.n:yrorn;He 

BbIBOJJ:DI: 
1) Ha nepeMenrnBaHHe TOTIJIHBa c B03.n:yx.OM CHJibHO BJIIDieT HaJilfqH:e 

3aKpYTKH Ha Bxo.n:e B i:py6y; 
2) pe)KHM HCTeqeHIDI TOTIJIHBa B npoci:paHCTBO i:py6oI, TaK)Ke 3aMeTHO 

BJIIDieT Ha nepeMenrnsaHne; 
3) OJJ:H03HaqHo MO)KHO CKa3aTb, qTo Ha1160Jiee OTITHMaJibHbIM BapnaHTOM 

5IBJI.HeTC5I i:py6a c 3aKpYTKOH B03.n:yxa Ha Bxo.n:e B Tpy6y. 
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,n:on6apnapoI KenTipinirr, TaJI,IJ;aHFaH. CoHI>IMeH K,oca, K.¥601p,n:I>IH; opTacI>rn,n:a )KgHe 
.n:e II.IbIFap K.¥6nipII.IaCbIH,IJ;aFbI OTbIHHbIH; KOHIJ;eHTPaU:IDIJiapbI Kennprnm, 
TaJI,n:aHFaH. Tan,n:ay H;:)TH)KeciH,n:e OTI>IH ,n:a:H:orn,n:ay K.¥6I>IpI>IHI>IH; eH; THiM,n:ici 
TaH;,IJ;aJIFaH. 

KiJITTiK C03JJ,ep: IIIHpaTy, K.¥601p, OTI>IH, aya, K,ocrra, apanacTI>Ipy. 
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ON FUEL AND AIR MIXING 
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In this research paper the research results of different types of fuel preparation 
tubes analysis presented. As the results of investigation, we can show the 
temperature, velocity and fuel concentration contours. On the basis of temperature 
contour we were able to analyze the mixing process within mixing tube. And by 
the velocity contours we were able to see recirculation zones, which has big 
influence on mixing process. In conclusion, we were able to determine the best 
type of tube for gas burner. 

Keywords: twist, pipe, fuel air mixture, stirring. 
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