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Cankr — [lerepOyprckuii rocyAapCTBEHHBI YHUBEPCUTET
HU3KOTEMIIEPATYPHBIX U MUILEBBIX TEXHOIOTUH.

IIpeocmasnenvt pesyrbmamol UCCIEO008AHUS MENTOBLIX NPOYUECCO8 0B8YX
pecenepamuenblx menioymuiu3amopos. Benmunamop, 6 o0beux KOHCMPYKYUSIX
00UHAKOBYIL, C BO3MONCHOCMbIO UBMEHEHUs HAaNpasieHuss nooadu 8030yxa,
eeomempuieckue U mMenioQuuiecKkue Nnapamempvl pe2eHepamu8Holl HACAOKU
pasHule. Tonyuenul yucieHHvle 3HaAYeHUs K03 puyuenmos
peceHepayuu/akKymyaiayuu 0 menjioco U XO0JA00H020 8peMeHU 200a Ol 08)YX
yemarnosok. Copmynuposansvl pekomeHOayuu no co2iaco8anuio XapaKmepucmux
BEHMUISAMOPA U HACAOKU.

KitoueBble cioBa: pereHepaTUBHBIN TEIIOOOMEHHHK, TEIUIOYTUIIU3ATOp,
TepMHYECKas 3¢ peKTUBHOCTH pereneparopa, ko3 puimeHT
pereHepanun/akKyMyJIsIuH.

Experimental research of a heat processes in regenerative
heat exchanger.
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Saint-Petersburg state university of refrigeration and food
engineering.

Regenerative heat exchangers with different regenerative cartridges are the
objects of the heat research in this article. These regenerative cartridges are made
of a different material. They are of a different form and also they have different
areas of passage. Fan, with is used in regenerative heat exchangers is the same for
both. It has a possibility for reverse operating. During the experimental research
the regenerating/accumulating coefficient which shows the termal efficiency of
these heat exchangers was measured. Also the conclusions of corresponding fan
and regenerative cartridge are given in this article.
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K uncnmy BaxHBIX NpoOieM, CTOALMX Hepel pa3pabdOTUMKAMH — CHUCTEM
BEHTUJISILIMM, OTHOCUTCSI TPOOJIeMa SKOHOMHUH SHEPTOPECYPCOB.

Ilotepn 53Heprum, CBA3AHHBIE C YJIAIAEMBIM TEIUIBIM BO3AYXOM IIPU
BEHTWJISILIMM OBITOBBIX M JKUJIBIX IOMEIEHUH, cocTaBisitoT 10 70% Bcex 3aTpar Ha
OTOIUIEHHE W BEHTWIAIMIO. [loaTOMy mpoOiema yTHIM3alUKA TETUIOBOM SHEPTHH
BO3/yXa, YAQISIEMOr0 M3 TNOMEMICHUNW TPHU BEHTWIALMHU, SBILSIETCA KpanHe
AKTyQJIbHOM.

OgnuM  u3 HauOoyee NEpPCHEKTUBHBIX TEXHUYECKUX PEIICHUH 3TOH
npoOsieMbl SIBISIETCS TNPUMEHEHHE B CHUCTEMaX BEHTWISIMHM CTallMOHAPHBIX
NEPEKITIOYAIOIINXCS pereHepaTUBHbIX TerioyTuian3aropos (CIIPT).

JIaHHBIA TUI yTWIM3AaTOpa NPEAHA3HAYEH Ul YCTAHOBKU B JKUJIBIX U
opuCHBIX TOMelIeHUsIX. PerenepaTop COCTOUT U3 TEIIOU30JUPOBAHHOIO
LAJIMHIPUYECKOr0 KOpIlyca, B KOTOPOM YCTAaHOBJICHA pEreHepaTUBHAsA HACAIKa U
PEBEPCUBHBIN OCEBOM BEHTWIATOP. Uepe3 onpencsieHHble NPOMEXKYTKH BPEMEHHU
IIPOUCXOIUT IEPEKIIOYEHUE II0Ja4u BO3JIyXa C MPSIMOM Ha PEBEPCUBHYIO, UTO
II03BOJIAET PEr€HEPATUBHOM HACAJKE CHa4YaJla HAKOIIUTH TEIUIOTY, a 3aT€M OTHATh
€€ BO31yXY, IONaJaroleMy B IoMelleHne u3BHe. [IpuHnunuanbaas KOHCTPYKIUA
CIIPT npencrasieHa Ha puc. 1.
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Puc.1. Konctpykius CIIPT.

[Tokazarenem >PPEeKTUBHOCTH TEIJIOOOMEHA MEXAY BO3IyXOM M HACaJIKON
B CIIPT sBnserca koaddumment pereneparuu (uam akkymyisoun). [lof
Kod(phUIIMEHTOM  pereHepanud  MOXXHO  IoHUMaTh  Tepmuueckuid  KIIJI
pereneparopa, KOTOPBIN ABIIAETCS VHTETPAIBHON XapaKTEPUCTUKOU
3G (HEKTUBHOCTH TeII00OMEHa. DTOT KOI(PHUIIMEHT IMOKAa3bIBACT, KAKYH) YacTh
TEIUIOThl YJAISIEMOr0 BO3/yXa CMOIJIA HAaKOMWTh, a MOTOM OTAaTh BO3AYXY
pereHepatuBHas Hacanka. Ha puc.2 cxemaTHdeckd TOKa3zaHa JuarpaMmma
M3MEHEHUS TeMIIepaTyphl BO3/lyXa B TOPLEBbIX CEUEHUIX pereHeparopa 1 -1 u 2 -
2 MpY yCTAaHOBUBIIIEMCSI PEKUME PAOOTHI.
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Puc.2. U3meHnenue TCMIICPATYPHI BO3aAyXa B TOPLCBLIX CCUCHUAX PCI'CHECpPATOPA.

Tout — Temmneparypa xosiomHoro moroka, Tin — TemmepaTypa TOpsUero
notoka, T) u T, —3HaueHus TeMieparypsl Bo3ayxa B ceueHusx 1 - 1 mw 2 - 2
COOTBETCTBEHHO.  [Ilnomiaam  3alITPUXOBAaHHBIX  YYAaCTKOB  JUArpaMMbl

MPOMOPIIMOHANIFHBI TEIJIOTe aKKyMYJIHUPOBaHHOW Hacankod — Q’ak 3a mepuon
BPEMEHH T, U TEIUIOTE pereHepupyeMoil Hacaakoi — Q’per 3a mepuoj BpeMeHU
Tper-

PerenepupyemMass ¥ akKymyJupyeMmas  PEreHEpaTopoM  TEIUIOTa
BBIUUCIISIOTCS TI0 CEIYIOINUM (hopMynam:

Qper = (J, ™ Ty (1) AT — Ty Tper) Gipec s (1)
Qu = (TmTper - f:ax T (1) A1) G, Cs (2)
rac

Gax - PacXofl BO3/yXa Ha dTale akKyMyJIAluy; G,..- paCX0Jl BO3yXa Ha JTarne
perenepauuu; Q.. — pereHepupoBaHHas TemnoTa; Uy, - aKKkyMyJIMpOBaHHas
TEIUIOTA; €, - yACIbHAS TEMJIOEMKOCTh BO3yXa.

MakcumManbHOE€  KOJMYECTBO  TEIUIOTBI, KOTOPOE  MOXKET OBITH
aKKyMYyJHPOBaHO M PEreHEepPUPOBAHO 3a BpeMs T, NPONOPLHOHAIBHO IUIOIIAIH
(Tin-Tout)t, , mo3tomy Ko3pduIMeHT pereHepanun - Kper W Kod(hduImeHT
AKKyMYJISIIHHN - Kax BEIYUCIIAIOTCS 110 (OPMyIIaM:

T
. fg P Ty () dr — ToutTper
K’per - (9)

(Tin_Tout}Tper'
T
TinTaK_fﬂ FT(n)dr

(Tin _Tout}’fax

Kax = (10)



B o6mem ciydae NIuTENhHOCTh IMKJIOB PEreHEpaMi U aKKyMYJISIHH
MOET ObITh pa3HOW. To ke camoe MOMKHO CKa3aTb U OTHOCUTEIBHO PacX0JIOB
BO3/lyXa B 3TUX ITUKJIAX.

Huxe  mpuBeneHbl  pe3ynbTaTbl  MCCIEIOBAaHUS  pPEreHEPaTHUBHBIX
teroytunuzaropos Y BPK-30 (mpoussoautens HIID «3korepm», PD) u
INVENTer (npousBoautens ['epmaHus), OTIMYAIOMIUXCS APYT OT APYyra TOJIbKO,
MaTepuajioM U TreoMeTpueld HacaloK. KOHCTpyKTHUBHbIE W TeIuiopu3nyecKue
napameTpbl  0o0eMx HacagoK  mnpuBeacHsl B Tabmuie Nel. m Ha pwuc.3.
[Tpo1OIKUTENBLHOCTD LIUKJIA, 32 KOTOPOE MPHUHATH BPEMS MTOA4X BO3/1yXa B OJTHOM
HaIlpaBJIEHUH, Y PET€HEPATOPOB OJIMHAKOBO U COCTABJISIET CEMBAECIT CEKYHI.

Tabmuma Nel. ['eomerprueckre u TeMIOPU3NIECKUE TapaMETPhI
pereHepaTuBHbBIX HACAIOK.

En. Oopa3zen
IIapameTp Hacaakmn O0o03Ha4eHne .
U3MepeHust YBPK-30 inVENTer
dopma nonepeyHoOro ceueHus HacaKu - - KpyT KBajpar
Omnpenensronyii pa3mep MornepeyHoro da "
CEUYEHMSI ' nuametp 0,175 | cropona 0,136
[110THOCTH MaTepuaga HacaaKH p Kkr/M3 1400 2200
TemoeMKOCTh MaTepHaia Hacalku Cp(n) Jx/(xr K) 2000 900
Koadpunuenr
TEIJIONPOBOIHOCTH MaTepuaja
HaCaJKu A Bt/(Mm K) 0,4 14
JInnHa HacaaKu | M 0,175 0,15
KomnuecTBo KaHaIOB B Hacaake n - 2300 900
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Puc.3. Ilonepeunoe ceueHne KaHAJIOB HACAIKH.

rae

1 - nacanka perereparopa iNVENTer,

2 - Hacazaka perenepatopa Y BPK-30.

B 00enx KOHCTPYKIUSAX MCHOJIB30BAJICS OAMHAKOBBIN OCEBOM PEBEPCUBHBIM
BeHTIIIsAITOp 4312GL  dupmer  embpapst, ocHOBHbIE TapamMeTpsl KOTOPOTO
MOKa3aHbl B Ta0mIe Ne2.

Ta6numa Ne2. OcHOBHBIE TapaMeTPhbl BEHTUJIATOPA.



IMapamertp 3HaveHue
JmnameTtp pabodero koneca 0,12m
JuameTtp cTynuuel 0,05m
Inpuna paboyero koseca 0,032m
KonmuecTBo sonaTok St
MaxkcuMasbHbIH pacxo] BO3ayxa 93m3/4ac
HommuHanpHas yacToTa BpameHus 1550 06/mMuH
Hanpspxenne nuranus 6....15B
Jlnana3on paboyeii TeMreparypsl ot -20 1o +75°C
HomMmuHanpHass MOIIHOCTE 1,2 Bt

BeHTWIATOP, YCTAHOBJIEHHBIN B pEreHepaTopax pabOTaeT Ha TPEX CKOPOCTIIX
BpAILICHUSA, KOTOPBIE OTJIWYAIOTCSI OT HOMHUHAJIBHOM - MacrmopTHOM. YacToTbl
BpallleHus1 ObUIM W3MEpPEHBI MpU paboTe BEHTUIISTOpa 0e3 Harpy3Kkd C TMOMOIIBIO
U3MEPUTETIHHOTO KOMILIEKCA, B COCTaB KOTOPOTO BXOJMJIM CBETOJMOIHBIN JaTUHK,
npueMHUK curHana u ocumsutorpad Tektronix TDS 2014B.

OCHOBHOII  I€OMETPUYECKOW  XAPAKTEPUCTUKOW  HACaIKU  SIBISAETCSA
KO3 UIUEHT 1EHCTBUTEIBHOTO MPOXOAHOIO CEUEHUH,

i = Snpox/806m (5)
e
Sipox — CyMMapHas IUIOHIa[b HPOXOIHOTO CEYEHUs KaHAJNOB, S,gy- 0OILAs
IUIONIA/Ib MOTIEPEYHOTO CEYCHHUS HACATKU
£ =0,7785 - nnsa pereneparopa iINVENTer
& =0,4827 - nns pereneparopa Y BPK-30.

DKCNepUMEHTAIBHBINA CTEH| MPEACTaBIseT co00il TpyOy aAuameTpoM 125 mm.
BHYTPM  KOTOPOMl  YCTAaHOBJEH  pPEreHepaTUBHBIN TEIUIOy TUIIN3aTOP.
TennmoyTuinzaTop  M30JUPOBAH  OT  BHEIIHUX  HCTOYHUKOB  TEIJIOTHI
JIOTIOJIHUTENBHBIM clIoeM H30Jisiuu. Ha uccnenyeMoil ycTaHOBKE 3aKpEIIEHO TO0
JIBa JlaT4yMKa TEMIIepaTypbl y BBIXOJIda BO3AYIIHOTO TIOTOKAa B IIOMEILECHHE
(BHYTpEHHHE JaTYWKH) W  JBa CHApYXH Yy BXOJa BO3IYIIHOIO TIOTOKA B
perereparop (BHelIHWE AaTYUKH). CUTHAIBI OT JATYMKOB TEMIIEPATypbl HUAYT Ha
aHayoro-nudposoii mnpeodpaszosatenp L-card E 14-140 xoTopelii  CHHMaeT
MOKa3aHUsl B peajbHOM BPEMEHU U B TMOCIEJICTBUU MEPEIACT UX HA KOMIIBIOTED.
MeTonuka UCIBITAHUNA COCTOSUIa B CJEAYIOIIEM, Ha TPEX Pa3JIMYHBIX CKOPOCTIX
BpalllCHUsI ~ BEHTWJISITOpPA IMPOMCXOJIMUJI 3aMep TemIepaTyp BO BXOJHOM U
BBIXOJTHOM CE€UeHUHU pereHepartopa. Bpems uzmepenus: cocrabuiio 700 cekyH[ 31O
10 muknoB o 70 cexkyna. CxeMa 3KCIEPUMEHTAIBHOTO CTEHAA MPEICTaBICHA Ha
puc. 4.
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Puc. 4. Cxema OKCIICPUMCHTAJIBHOI'O CTCHAA.

[Io pesynbTaTam u3MEpEeHHUs TeMmIiepaTyp  ObUIM TOCTPOEHBI Tpaduku
WU3MEHEHHS TEMIIEPATYpPhl BO3AYIIHOIO TIOTOKA B TOPLEBBIX CEUYECHUSIX
pereHepatopa oT BpemeHu. Jlns pereneparopa INVENer, pe3yabTatrhl
SKCHEpPUMEHTa mpenactaBieHbl Ha puc.5 — puc.7. na YBPK-30 pesynbrars
MpeICTaBIEHbI HAa puc.8- puc.10.
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Puc. 5. TemnepaTypa B TOPIEBBIX ceueHuUsAX pereHeparopa iINVENTer
(mepBast CKOpOCTB).
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Puc. 6. Temnepatypa B TOpIEBBIX ceueHUsX pereHepatopa INVENTer
(BTOpast CKOPOCTB).

24

T
NAVRVRVATA
AN AN

NIWAWAWAVAY
NN NN

12

10

0 70 140 210 280 350 420 490 560 630 700

Puc. 7. Temneparypa B TOpIeBbIX ceueHUsX pereneparopa iNVENTer
(TpeThsi CKOPOCTb).
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Puc. 8. Temnepatypa B TopiieBbIX ceueHusiX pereHeparopa Y BPK-30
(mepBast CKOpOCTB).
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Puc. 9. Temnepatypa B TopiieBbIX ceueHusix pereHeparopa Y BPK-30
(BTOpast CKOPOCTB ).
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Puc. 10. TemmnepaTypa B TopleBbIX ceueHusx pereneparopa Y BPK-30
(TpeTbst CKOPOCTH).

IIpu cmeHe HamnpaBiIeHHs IBW)KCHUSA BO3JyXa B YTUIM3AaTOpE TEMIIEparypa B
OJIHOM M3 CEYCHHUM H3MEHSAETCSA IO KPUBOJMHEHHOM 3aBUCUMOCTH, a B IPYroM
CEYEHUN ITOCJE PE3KOr0 CKayKa OCTAaeTCd HEM3MEHHOM M PAaBHOW TemImepaTrype
IIOMEIIEHUs. BeneacTerue TEnoBO MHEPIUU JaTYMKOB TEMIIEPATYPBI U HEMTOJHOU
ACCHUMWJISLIMEN CBEXKEr0 BO3/yXa, IMOIMAJAONIETO B IOMEIICHUE, BMECTO YYacTKa C
MOCTOSIHHOM TeMITepaTypoil oOpa3yeTcsi y4acTOK ¢ KPUBOJMHEWHBIM U3MEHEHUEM
Temreparypel. [{ns amantanuu pacyeTHOM MOJETW 3aMEHUM KPHUBOJIMHEUHBIN
YY4aCTOK THUCTOIPAMMBI IPSAMOJIMHENHBIM C TEMIIEPATypOd paBHOM CpEAHEN Ha
KPUBOJIMHEITHOM y4YacTKe, KaK MMoKa3aHo Ha puc.l1.
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Puc. 11. AgantupoBaHHast MoJielIb pacuera ko3¢ huimeHTa
pereHepanun/aKKyMyJIsIITUH.



Ha ocHoBe nanHOW Mojenu ObUIM paccunuTaHbl KO3PPHUIIMEHTHI pereHepaiu
U aKKyMYJISALHH, KOTOpbIe MpeacTaBieHbl B Tabnuie Ne3 u ObUIM MOJyYEHbI MPU
TeMIIEpAaType Hapy>KHOTO Bo3ayxa -8 °C u temnepaTypsl B momeniennu 17 °C.

Tabnuma Ne3. KoadduimeHTs! perenepanuu u akKyMyJIsiuu.

Benmnunna CKOpOCTh BEHTUWJISITOPA

1 2 3

VBPK-30 |inVENTer | YBPK-30 |inVENTer | YBPK-30 |inVENTer
Koaddunment | 0,654 0,624 0,603 0,487 0,547 0,447
pereHepaumn
Kosdunment | 0,912 0,763 0,881 0,596 0,887 0,524
AKKyMYJISIIIHH

HccnenoBanusi Takke MNPOBOJWINCH, M B TEIUIBIA TEpUOJ, Troja, Koraa
TeMmIeparypa HapyxHOro Bo3ayxa coctaBisger 8°C, a B momemienuun 21 °C, a
pacueTHble 3HaUYCHUS KOA(DPHUIIMEHTOB pereHepaIui/aKkKyMyJISaIud MpeICTaBICHBI
B Tabmuiie No4.

Tabnumna Ned. KoadduimeHTsl perenepanuy u akKyMyJIsiiuy JUIsl TETIOTO
nepuo/ia roja.

Bennuunna CKOpOCTb BEHTUWJISITOpA

1 2 3

VBPK-30 |inVENTer | YBPK-30 |inVENTer | YBPK-30 | inVENTer
Koaddunuent | 0,675 0,645 0,616 0,505 0,576 0,454
pere’epanuu
Koaddunuent | 0,920 0,776 0,904 0,611 0,875 0,516
AKKYMYJIISIIUU

[Ipu aHanuze 3HauyeHUW  KOA(DPUIIMEHTOB BHJIHO, YTO KOA(D UIIHMEHT
pereneparmu y Teroytunuzatopa YBPK-30 Oonemme wem y pereneparopa
INVENTer, Ha Bcex CKOpOCTSX TMOJaud BO3ayXa. BBICOKHE 3HAYCHHS
kodpdunmenTa peredHeparuu y Temnoytwim3aropa YBPK-30 oOGycrnosieHo
MEHBIIIUM 3HaYeHUEM Kod(PuIMeHTa AeUCTBUTEIBHOTO NMPOXOHOTO ceueHus. C
yBeJInYeHUEM KOA(PPUIIUEHTAa TPOXOJHOTO CEUYEHUSI YMEHbBIIIAETCS HHTEHCUBHOCTD
Ter1I000MeHa B TETJIOUCIIONB3YIOIIEH HacaaKe, a pacXo/ BO3yXa YBEIMUMBAETCA
BCJIE/ICTBUE YMEHBIIEHUS a’3pOJIMHAMUYECKOr0 COMpOTHUBIECHUS. B ycTaHoBKe
HEMEIIKOTO TMPOM3BOJCTBA OOJbIINE 3HAUYECHHS pacxoja BO3Ayxa Ha BTOPOH U
TPEThE CKOPOCTH MPHUBOIAT K MPEBBIIICHUIO JOMYCTUMbIX 3HAYEHHH CKOPOCTH B
nomemienny. CyllecTBEHHOEe OTiiMuuMe Kod(dduimeHta pereHepanuu  OT
Koa(dpuieHTa akKyMyJasiiuyu 00yClIaBIMBAeTCsl HEPABEHCTBOM PacXo0JI0B BO3AyXa
npu TpsIMOM U 0OpaTHOM muKiIe. HepaBeHCTBO pacxomoB BO3HHKAeT M3 - 3a
pa3HOTO Haropa, CO3JaBacMOT0 BEHTWISITOPOM TpHU MPSMOI U 0OpaTHO mojaaye,
BCJICICTBHE€ HECHMMETPHUYHOTO TPOGUIS JIOMATOK BEHTHIATOpA. YIIyYIIUTh



3¢ (GEeKTUBHOCTh pabOThl TEIJIOYTHJIM3aTOPOB MOXKHO IIyT€M BBIPABHUBAHUS
pacxo/0B BO3/yXa Ha BCACHIBAHUE W HArHETaHHE. DTOTO  MOXHO JOCTUTHYTh
IyTEM HM3MEHEHHs CKOPOCTH BpallleHHUs JIOMAacTeil BEHTUJISTOPA, W3MEHEHHEM
IPOJOJDKUTEIPHOCTH IUKJIOB aKKyMYJISIIMH/pereHepanuy, Ju00 H3MEHEHHEM
npoduIIs JJONaTOK Ha CUMMETPHYHBIN.

VBenuueHue KOdPPUIMEHTa pEreHepalud C YBEIWYEHHEM CKOPOCTH
o0ycaBIUBaeTCsl yBEJIMYEHHEM  KOA(Q(UIMEHTa TemIo0Taaud 0, KOTOPBIA
HANpsSMYIO 3aBUCUT OT CKOPOCTH MOTOKAa. UeM MeHbIle CKOPOCTh, TEM OOJbIle
nucbamaHc Mexay Ko3(PHUIMEHTOM pereHepaly U aKkKyMyJIsuyd U TEM MEHbIIIe
TEIUIOCHEM C PETeHEePATUBHON HACAIKH.
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