2. [Tony4yeHHbIE B ONBITaX 3HAYCHU KOA(PPHUIIMEHTA TEMIIEPaTypOIPOBOAHOCTH OYAYT HC-
MIOJIb30BaHbI ISl OTPAOOTKH TEIUIOBBIX PEXKUMOB rapaxka-pazmopaxusareist OAO «CYM3».
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PA3PABOTKA D®®EKTUBHOI'O CTPYHHOI'O PEKYIIEPATOPA

AHHOTaNHUA
B oannoii pabome ¢ nomowpto npoecpammHo-gviuuciumensro2o komniexkca FIoEFD npous-
800UTOCH MOOENUPOBAHUE O8YX BAPUAHIMOE NOO02Pe8A 8030YXA OM 2peloujeli NOBEPXHOCU peKyne-
pamopa. B nepgom ciyuae 6030yx 08udicemcs 00.b eperoweli N0GePXHOCIU peKynepamopa, d 60
8MOPOM CmMpYU 8030YXa «AMAKyIoOmy» perowyio nosepxHocmo. Ilpugedenvi 3HaveHuss KoIpduyu-
eHMOo8 Meni0omoayy U NIOMHOCMU MeNI08bIX NOMOKO8 HA 2peloujell NOBEPXHOCMU PACCMAMPUBA-
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emozo pekynepamopa 0s oboux ciyuaes. Ilokazanvl cnocodvl nooayu 6030yxa 6 KaicOoM U3 6apu-
anmos. Coenanvl 8b1800bl 0 803MONCHOCMU NPUMEHEHUs. OGHHBIX CNOC0008 Hazpesa 6030yXd, YO0O-
8N1EMBOPAIOUUX KOMNIIEKCY MEXHON0SUHECKUX U IHEP20-IKOJI02UYECKUX MPeOOBAHUI.

Kniouesvie cnosa: cmpyiinvii nHazpes, Koaghguyuenm menioomoauu, peKynepamop, Hacpes
8030yXa, MOOeruposanue.

Abstract

In this paper by means of software and computing complex FIOEFD the modeling of two
variants of air heating from the cylindrical recuperator surface were presented. In the first scheme
the air moves along the heating surface; in the second represented heating scheme a jet of air "at-
tacks" the heating surface. The values of the heat transfer coefficients and heat flux density on the
heating surface for both schemes were shown. Methods of air input for each scheme are presented.
Conclusions about the possibility of applying these schemes of air heating, satisfying a set of tech-
nological and energy- environmental requirements were made.

Keywords: jet heating, heat transfer coefficient, recuperator, air heating, simulation.

B nacrosimiee BpeMs B yCIOBHSIX MOBBIILIEHUS LIEH HA TOILIMBHO-3HEPIETUUYECKUE PECYPCHI
Bce OoJbllle BHUMAHUS YAENSAETCS BOMPOCAM COBEPLIEHCTBOBAHMSI TEXHOJOTMYECKHUX IIPOLECCOB,
3¢ HEKTUBHOCTH HCIIOJIB30BAaHHS SHEPTrOPECYPCOB, B YaCTHOCTH, TOIUTUBHBIX pecypcoB. COepexe-
HUE YHEPTUH, OBBIIIEHHE HEProd((HEKTUBHOCTH — BEPHBIH IMyTh K 9KOHOMHYECKOMY pOCTY B Oy-
IYIIEM.

C TOUYKM 3peHHs COBEPILIEHCTBOBAHUS TEXHOJOTMYECKUX MPOIIECCOB 3HAYUTEIbHOE BHUMA-
HUe yaensercd pa3paboTKe W BHEJPEHUIO Pa3IMYHBbIX CIIOCOOOB HAarpeBa MeTajula U BO3JyXa, MO-
CTYMNAIOLIET0 Ha TOPEHHE, C HUCIIOJIb30BAHUEM CTPYWHOI'O CKOPOCTHOTO HarpeBa (CKOpOCTHOM, pa-
JUAllMOHHO-CTPYHHBIN, HAarpeB IpU CXKUTaHUU TOIUIMBA HA MOBEpXHOCTH) [1].

[Tpu cTpyiiHOM KOHBEKTUBHOM HarpeBe OCHOBHOE KOJIMYECTBO TEIIOTHI K METAJLTY Iepena-
€TCs1 KOHBEKIIMEW M OCHOBHOW KOJIMYECTBEHHON XapaKTEPUCTUKONM MHTEHCUBHOCTH 3TOTO IIpolecca
SIBJIIETCS BEIMUMHA KOOPPUIUEHTA TEIII00TAa4H.

Hcnonp3oBaHue Teruia, OTBOJUMOrO M3 padouyero MpocTpaHCTBAa MPOMBIIUIEHHBIX MEYeH,
HMMeeT BaKHOE IKOHOMHUYecKkoe 3HaueHue. OTHUM U3 criocoOOB UCIIOJIB30BAHMSI ATOTO TEIIa SIBJIS-
€TCsl peKyIepanus TeIIoThl OTXOASIIUX IPOAYKTOB CTOpaHusl — HarpeB BO3/yXa WK rasza Jjs 1o-
BbIIIeHUs 3(()EKTUBHOCTH HCIOIb30BaHMs TOIUIMBA (T. €. CHUKEHHE ero pacxona). BosmoxHocTh
pa3pabOTKH peKymnepaTopa Ha OCHOBE CTPYHWHOTO KOHBEKTHBHOT'O HarpeBa cMorjia Obl YMEHBIIIUTH
pacxo TOIUIMBA, BPeIHbIE BHIOPOCHI U, YTO CaMO€ IIaBHOE, BPeMs TEXHOJIOTMYECKOro Impolecca.

MeTog0M MaTeMaTH4YeCKOro MOJEIMPOBAHUS MPOBENEH pacueT ABYX BapHAaHTOB Harpena
BO3/lyXa, MOCTYTAIOIIEr0 Ha TOPEHUE, OTXOJAIIMMHU NMPOIYKTaMH cropanus. [IpoayKTsl cropanus u
BO3/lyXa ABM)KYTCSI B IPOTUBOTOK JIPYT IPYTY, HO B IIEPBOM HAarpeBaeMblii BO31yX JIBUKETCS BIOJb
TeIUIonepeiatoleil MOBEPXHOCTH, a BO BTOPOM CTPYHM BO3/yXa JONOJHUTENBHO «aTaKyloT» TEeIio-
MepeaaronIyro MOBEpXHOCTh. CxeMa IKCIIepuMEeHTa MpecTaBieHa Ha puc. 1.
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Puc. 1. Cxema TeriooOMeHa B peKynepaTrope npu MpOTUBOTOKE B CUCTEME
¢ neppoprupOBAaHHOM MOBEPXHOCTHIO: a — dKcniepuMeHT Ne 1; 6 — sxcriepumenT Ne 2

Jns nmonydeHus pe3ynbTatoB B BelunciutenabHoM Komiuiekce FIOEFD Obuin 3amaHbl rpa-
HUYHbBIE YCJIOBUS Ha BXOJ€ U Ha BBIXOJE AJIs MPOAYKTOB CTOPaHHUs, U BO3/lyXa, a TaKXkKe MaTepuall
Teruionepenaroleil Tpyosl. Pemanucey ypaBHeHUs: Hepa3pbIBHOCTH, Tpu ypaBHeHUsI HaBbe-Crokca,
TpH ypaBHEHUS MOJeNu TypOyleHTHOCTH (K-€), ypaBHeHue sHepruu [2]. Hmwxe, Ha puc. 2, 3, mpen-
CTaBJIEHBI 1OJIA KOA(P(GUIUEHTOB TEIIOOTJA4YX M IJIOTHOCTHU TEIUIOBOTO MOTOKA OT MOBEPXHOCTU
TpyOBI K HArPEBAEMOMY BO3JIYXY.

Ha puc. 2, a BunHO, yTo 3HaueHUs KOAP(GUINMEHTOB TEIJIO0TAaYM UMEIOT 1I0CTATOYHO OJIHO-
pPOIHOE pacmpeiesieHne, HO HEBBICOKHME 3HaueHus oT 15 1o 25 Br/M? K, 1 TOJIBKO B HEGOIBIIOHN 06-
JIACTH OTHOCUTEJIbHO BCEW IUIOMIAJM OT BXOJHOIO OTBEPCTHS BO3AYIIHOIO MOTOKa HaOIrodaeTcs
Oompiuit ko3 duiment termooraadn (~50 BT/M2~K), YTO CBSI3aHO C OOJIBIIION pa3HUIICH TemIepa-
TYp MEXAY BO3JIyXOM M IperolIeil MOBEpXHOCThIO B 3T0M oOnactu. Ha puc. 2, 6 3Hauenust koapdu-
[MEHTOB TEIJIOOTAAYH UMEIOT JOCTAaTOYHO BBIPAKEHHBIE JIOKaIbHbIE MakcUMyMbI (oT 100 mo 120
BT/MZ'K) B MECTE B3aHMOJECHCTBHS CTPYH C TPEIOIIEH IMOBEPXHOCTHIO 3a CUET BBICOKOM CKOPOCTH
UCTEUEHHUs CTPYH BO31yXa, MOJABAEMbIX 110 HOPMaJIM 3TON MOBEPXHOCTH, YTO MPUBOAUT K YMEHb-
IIEHHUIO TTOTPaHUYHOrO ci10s. [ToMHMO JTOKaTbHBIX MAaKCHMYMOB HaOJII0/1a€TCsl YBEIUYEHUE CPEIHE-
'O M0 MOBEPXHOCTU KO3 punmeHTa rermnootaayu (~50 BT/MZ'K) 3a CUET 3aBUXPEHUMN, CO3/1aBAEMBIX
CTPYSIMH, YTO MPHUBOJUT K MHOTOKPATHOMY B3aMMOJIEHCTBHUIO CTPYH BO3JlyXa C Iperoliel MmoBepX-
HOCTBIO.

AHaJOTMYHbIE PEe3yabTaThl MOXKHO HAOIIOAATh HA CXEMaX C MOJSMH IJIOTHOCTEN TETJIOBBIX
notokoB. Ha puc. 3, a BUOHO, 9YTO 3HAYCHMsI TUIOTHOCTEH TEIUIOBBIX MOTOKOB UMEIOT AOCTATOYHO
OJIHOPOJHOE pactpeneneHue ot 12 qo 15 KBT/MZ, Y TOJIBKO Ha HEOOJIBIIIOM PACCTOSSHUM OT BXOIHO-
ro OTBEPCTHsI BO3AYIIHOTO IMOTOKa HAOMIOMaeTcs OOJbInas IUIOTHOCTh TerioBoro motoka (~ 30
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kB1/M%). Ha puc. 3, 6 3HaYCHUS IUTOTHOCTEH TEILUIOBBIX IIOTOKOB HMEIOT JOCTATOYHO BHIPAKCHHBIC
JIOKQJIbHBIE MAaKCUMYMBI OT 45 110 65 kBr/M? B MecTe B3anMOIeiCTBHS CTPYH C Iperolen noBepX-
HOCTBIO. [IOMMMO JIOKaNbHBIX MAaKCUMYMOB HaOJIOJAETCsl YBETUYEHUE CPEAHEW IO MOBEPXHOCTHU
IIOTHOCTH TEIUIOBOro moToka (~30 kBT/M?) 3a cueT 3aBHXPEHHIi, CO3/aBaeMBIX CTPYSIMH. OIHO-
pOJHast KapTHHA paclpe/ieeHUs INIOTHOCTEH TEIIOBBIX MOTOKOB M KOA((HUIIMEHTOB TEIIOOTAA4N
OOBSICHIETCS IMHEHHOM CBSA3BIO MEXKILy HUMH.

[Koappmupent rennoorgaun] 26.304 wimeaik |

[ Ko uen rennooraaun 21,211 wimai [Kosggmupenrrennooraasn] 16,687 Wim'2K |

[kosppmupent rennooraaun] 26 528 wimr2ik
7

[kopmupenr rennooraaun] 12.886 wimeaik |

KoatdmumeHT TennooTgaum | 18.409 WimA2/K

127533

111.591
g 95.649
79.708
63.766
I 47.825
31.883

15.942
0

oot dmupent rennooraaun] 34.871 ik |

[Koapuuprent rennooraaan [ 26.190 wim 2k [ Koapuuprent rennooraauu [ 20,255 Wim2iK

| KoaddumeHT Tennootaadm | 21.945 Wim 2K |
[ Koag et rennooraau] 20222 wim 2|

[ oo gmupent rennooraasn] 16.663 wim 2ik

|Kos¢¢v|uusmannoomaun ZEAEUBWIm"ZIK|

a

Koagmupesrrennooraaun] 86 534 Wi

[k

[113430Wma |

[Koapgmupesrrennooraan] 26 954 Wik

[Kaapmmuen remnoorgau]82 914 Wik Kosp e Temmoorgain] 14675 Wi 2|

ll(oawm.mem’rennomauu | 124.994 Win"2/K |

]Knswuunemmnnuwwu'l 56,534 WimA2IK [

KoadduumeHT Tennooraau | 21.383 Wirm*2/K
143568 ] UL A3

127616

111,664 / : : —\ ;
95712 . ~ e —a\

)

79.760
63.808
47.856
31.904
15952
0

AT TennooTa [ 108,643 Wim 2K

[Kospgmuperrrennooraaun] 110.202 Wi 2|

Kospuren rennaorgasn] 103,970 Wi 2K Koappmerrrennoorgas] 46 046 Wi

[53.604 Wiz

o
Puc. 2. TTone k03¢ (pUIIMEHTOB TEIIOOTJauU OT MOBEPXHOCTH TPYOBI K BO3YXY:
@ — B TIEPBOM 3KCIIEPUMEHTE: 6 — BO BTOPOM IKCIIEPUMEHTE
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|I'Ioaepruc1Huﬁ TEnnoeoi NoTok | 17104.844 Wim*2 I

MOBEPXHOCTHEIA TENNOBOA NOTOK | 16849.331 Wim*2

||'|UBEPXHDETHHﬁ Tennosoi NoTok | 12632.812Wim"2 I | TMOBEPXHOCTHEIN TENNOBO# NOTOK | 11228.256 Wim"2 |

,l MoBEPXHOCTHLIA TENNOBOA NOTOK | 12671.714 Wim*2

\ | MOBEPXHOCTHBIA TENNOBOA NOTOK | 12472.636 Wim"2
79581.879 %

71925.489
64269.098 'l e
se612708 |8
48956.318 i
sv0e 1
33643538
25987147
18330.757

10574.37 i1

|Honepxuocmuf4 TENNOBON nnmkl 16966.723 Wim*2

ToBePXHOCTHaIA TEIN0BOM NOTOK [ 15546.415 Wim*2 | # TeNNoBOM NOTOK | 14523.917 Wim*2

|noaepxuocruun TENNOBOA NOToK | 14507.113 Wim"2

| TIOBEPXHOCTHEI TENNOBOM NOTOK | 20752728 Wim'2 | MoBEPXHOCTHEIN TENNDBOH NOTOK | 12919.435 Wim"2

|I'Iusepxuoc'mbu'4 TeNNoBoi NOTOK | 10932.921 Wim*2

a

|noaapxuuc'muﬁ TENNoBo# I'IUTDKl 47313.906 Wim*2 l
\ ||'|opepxnocmuﬁ Tennogoi noTok | 15231.422 Wim"2

|noaepxuocmblﬁ Tennogoi noTok | 60645.315 Wim*2 |

‘ Irlusemmomblﬁ TENNOBOM NOTOK |46221 990 Wim*2 |

[oeemiocTheih rennosofi norox 20286.018 Wim#2 |

MOBEPXHOCTHBIA TENNOBO nomx| 64044.330 Wim*2 ‘

ToBePXHOCTHEIA TENNOBO# NoTOK| 37188.773 Wim*2 ]

|Ku3¢mmmsmrennuumaun | 21.383 Wim"2IK

104008.908
92764.884
81519.860
70274.835
59029.810
47784.788
36539.761
25294.736
14049.711
2804.687

i TENNBO# noTok [ 13440.686 Wim"2

BEPXHOCTHBIM TENNOBOM NOTOK | 57796.426 Wim*2 |

Tennosof norok| 57555 873 Wiz |

TenNoBoft noTok 25135.366‘/‘1}m"2| |I'

|rlusepxuocmh|i Tennogoii noTok | 61549.602 Wim*2 | ji Tennogoi I'IlJTUKl 31918348 Wim"2 |

o
Puc. 3. [Tose mIOTHOCTH TEIUIOBBIX MIOTOKOB OT IIOBEPXHOCTH TPYOBI K BO3YXY:
@ — B TIEPBOM JKCIIEPUMEHTE: 6 — BO BTOPOM IKCIIEPUMEHTE

[To monmy4yeHHBIM pe3yabTaTaM MOXKHO CAENaTh BBIBOJ O TOM, YTO MPUMEHEHUE CTPYHHOIO
KOHBEKTHBHOI'O HarpeBa yBeJIMUMBaeT KOd()PUIMEHT TEII00TAa4uH, a ClIe0BATEIbHO, U MJIOTHOCTD
TEIJIOBOTO MOTOKa B 2—4 pasa, 3a cueT BHICOKOW CKOPOCTH MCTEUEHHUS CTPYH BO3/1yXa, [10/1aBAEMBbIX
HOpPMaJIbHO K Iperollell MOBEPXHOCTU. A TakKe, MOATBEPHK/IaeT BOZMOXKHOCTh pa3pabOTKU peKyrie-
paTopa Ha OCHOBE CTPYHHOI0 KOHBEKTUBHOT'O HarpeBa.
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