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AHHOTALNA

BeepeHnune. OauH 13 Hanbonee pacnpoCTpaHeHHbIX CMOCOO0B 3KOHOMUK TEMOBOW 3HEPTUN U AEHEXHbBIX CPeACTB — 3TO
NPUMEHEHVEe peKynepaTopHbIX YCTaHOBOK B MEXaHNYECKUX BEHTUMNSALMOHHBIX cucTemax. PaccMoTpeH MOAepHU3NPOBaHHbIV
BO34YLLUHbIV pekynepatop. MNpuBeaeHbl 0COBEHHOCTU KOHCTPYKLIMK, CXEMa PacnoNOXeHWs U anropuTM paboTbl 3TOro Tenmno-
obmeHHoro ycTponcTtaa. [Ana yBenuueHns Belbopa Tna 1 KOHCTPYKLMIA BO3AYLLUHBIX TEMI00OMEHHUKOB NPOEKTUPOBLLMKaM
npeanoXeH U ONUMCaH BapuaHT CMPOEKTUPOBAHHOTO KOMOWHWPOBAHHOMO peKynepaTopa C BbITSHKHbIM BO34YXONPUEMHbIM
YCTPOMCTBOM M3 NMOMELLEHNSI, KOTOPbIN B NpoLecce paboTbl ByaeT o4HON 13 BEPCUA yCTPOMCTBA, NOBbILLAKLLETO KO3du-
uneHT nonesHoro gevicteus (KMNMA) B mexaHn4ecknx cuctemax BeHTUnaummn. Pekynepatop — He3aMeHUMBbIN aneMeHT Ans
COBPEMEHHbIX YHMKAbHbIX 34aHUA N COOPYXXEHUN.

MaTtepunanbl u meTtoabl. PekynepaTtop npeanaraercsi Kak aHanor CyLecTBYLMX U OTHOCUTCS K 0bnacTu aHeprocbepexe-
HWS B CUCTEMaX MeXaHU4YeCKoW BEHTUNALMUN.

Pe3ynbratbl. MNoBbiweHne KM no cpaBHEHWIO C aHanoraMu OCYLLECTBISIETCA 3a CYET: UCMONb30BaHUS pekyrnepartopa
KaK COBMELLLEHHOIO BbITS)XHOIO BO34YXOMPUEMHOr0 YCTPOMCTBA M3 MOMELLEHNS, YBENUYEHNS NoLaan CONpPUKOCHOBEHUS
TENnoHoCcUTENEN, 0COBOI BHYTPEHHEN KOHCTPYKLIMK, CNOCOBHOW Kk Gonee paBHOMEPHOW Tennonepeaayde, HETUMOBOW CXEMbI
pacronoXeHNs pekynepaTopHON YCTaHOBKY Ans n3bexaHns obMepaaHus 1 «oTTaikvuy» KoHAeHcaTa y TennonepenatoLen
noBepxHoCcTW. MOoToK HarpeBa NPUTOYHOTO BO3AdyXa Yepe3 COBMELLEHHbIV PeKynepaTop C BbITSHKHbIM BO34YXONPUEMHbIM
YCTPONCTBOM M3 MOMELLEHUS B CUCTEME MEXaHNYECKON BEHTUNSLMM pPErynupyeTcst aBTOMaTUKOWM ANns noaaepxaHus bonee
KOM(POPTHOW TeMnepaTypbl NoAa4n B MOMELLEHNE.

BbiBogbl. HoBasi KOHCTpyKUMS nprobpeTaeT noBbilweHHbIN KM no cpaBHEHUIO ¢ aHanoramu.

KINOYEBBIE CITOBA: pekynepatop, BbITS)XHOE BO34yXONpueMHoe YCTPONCTBO, BO3AYLLUHbIA TENNOOOMEHHVK, Tennonepe-
Aava, MexaHu4eckas cuctema BeHTUNALMn
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Combination of recuperator with exhaust air intake unit for use
in mechanical ventilation systems

Dmitrii O. Khlopitsyn, Andrey G. Rymarov
Moscow State University of Civil Engineering (National Research University) (MGSU);
Moscow, Russian Federation

ABSTRACT

Introduction. One of the most common ways to save heat energy and money is the use of recuperator units in mechanical
ventilation systems. In this article, we will talk about the modernized air recuperator. In the process the design feature,
layout and operation algorithm of this heat exchanger device will be demonstrated. In order to increase the choice of type
and designs of air heat exchangers, designers will be offered and described the variant of designed combined recuperator
with an exhaust air intake device from the room, which in the process will be one of the versions of the device increasing
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the efficiency factor in mechanical ventilation systems. The recuperator is an indispensable element for modern unique
buildings and structures.

Materials and methods. The recuperator is proposed as an analogue of existing ones and belongs to the field of energy
saving in mechanical ventilation systems.

Results. The efficiency increase in comparison with analogues is carried out due to: the use of the recuperator as a com-
bined exhaust air intake unit from the room, an increase in the area of contact of heat carriers, a special internal structure
capable of more uniform heat transfer, an atypical arrangement of the recuperator installation to avoid freezing and "defrost-
ing" of condensate at the heat transfer surface. The heating flow of the supply air through the combined recuperator with the
exhaust air intake device from the room in the mechanical ventilation system is regulated by automation to maintain a more
comfortable supply temperature in the room.

Conclusions. The new design acquires an increased efficiency compared to its analogues.

KEYWORDS: recuperator, exhaust air intake device, air heat exchanger, heat transfer, mechanical ventilation system
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BBEJIEHUE

Benymue uHXEHEpHBIE KOMIIAaHUH, CBS3aHHBIC
C BEHTHJISIIMOHHBIM 000pY/IOBaHNEM, CTAPAIOTCS Pa3-
paboTaTh TEXHOJOTUH, AITOPUTMBI PaOOTHI U MIPOU3-
BECTH MOJEPHU3AIMIO N3BECTHBIX YCTPOWUCTB Ut 00e-
criedeHust KoM(OPTHOTO MUKPOKIJIMIMATa B TOMEIIICHUH.
Co3pmanue ONTHMaIbHBIX TapaMeTPOB pabOThI, HEBBICO-
Kasi 1leHa, OKYaeMOCTh B TEUEHUE BPEMEHH — KPHTe-
PHH, 110 KOTOPBIM ITPOMCXOIUT O0ph0a 3a MEepBEHCTBO
Ha PBIHKE BEHTHIISIIIMOHHOTO 000PYIOBAHUSL.

Pexyneparop — 3T0 ycTpOHCTBO, HAlLlEIEHHOE
Ha Iepejavyy TerjIoBOH PHEPruu OT 0oJee HarpeToro
K MEHee HarpeToMy TETJIOHOCHTEITI0 Yepe3 pas/elieH-
HYIO TeIUIoNepenarolyo cTeHKy. Ha ceropnsamuunii
JCHb CIICHHUAJIUCThI B O6J18.CTI/I CUCTCM BCHTUJIIAIINH
U TeIuioMaccooOMeHa MBITAIOTCS JOOUTHCS B CBOMX
peKymepaTopax BEICOKOTO KOA(PHUIIMEHTA TTOIE3HOTO
neiictBust (KI1JI), ucronb3yst Monu(UKaU0 TEIIO0-
nepeiaoiell MOBEpXHOCTH U KOHCTPYKIMH TEII000-
MEHHOTO armapara. [Ipu rpaMOTHOM NPOEKTHPOBAHUN
JAHHBIX YCTAHOBOK MOKHO 3HAUMTEIbHO MOBBICUTH
3 PEKTHBHOCTH CHCTEMBI MEXaHNYECKON BEHTHIISLIUH.
[TpropuTeTHBIMH 3a/lauaMy SBISIOTCSI SKOHOMHUS Je-
HEXXHBIX CPEJICTB HAa MX MPHOOPETEHNUE, JIETKOCTh MPU
9KCIUTyaTallud ¥ CPOK OKYIIaeMOCTH.

MATEPHUAJIBI U METO/bI

B crarse nmpeaniokeH aHaJor, CO3MaHHBINA Ha Oa3e
TpyOUaroro TernI000MEHHNKA, OTINYAFOIIHIACS:

* KOHCTPYKLHUEH OT UMEIIIUXCSH B HACTOALIEE
BpeMs;

* KOMOMHaIMeH pexymeparopa Kak BEITSHDKHOTO
YCTpPOWCTBA U3 MOMEIIIECHUS;

* HETHUIIOBOM CXEMOM pacHONIOKEHUsI pEKyTieparopa.

B nanHOM nccnenoBaHuu peus OyJeT UITH O Mpo-
€KTHOM pEIICHUM PEeKyNepaTopHOIl yCTaHOBKH MU
TEIUI000MEHHMKA, pabOTAIONIEr0 Ha TETIOHOCHUTEIIE
BO3MIyX.

TexHHuUeCcKHi pe3ynbTaT paboThl — IMOBBIIICHHE
KII[J npu nomomu:

* KOMOMHAIIMN PEKyIlepaTopa KaK BBITSKHOTO
YCTPOMCTBA U3 TIOMELIEHHUS, TEM CAMBIM BO3MOKHO YBe-
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JIMYUTH TIOBEPXHOCTH TEIJIOOOMEHA, HE BIIMsIS Ha ACTe-
THYECKHE TadapuThl CHCTEMbI BEHTWIISALIN HA 00OBEKTE;

* (urypupoBaHus peKyneparopa Kak BTOPOH CTy-
TMICHU T10JI0TPEBa;

* HETUIIOBOM CXEMBI PAaCIIONIOKEHUS;

* BHUJIA TEIUIONEPE/IAfOIET0 MaTepraa;

* opeOpeHHs TEIUIONEePeIAtoIIEH TOBEPXHOCTH;

° yBEJIMUYEHHsI TUIOIIAAH TeIJIoNepeaaouiei mno-
BEPXHOCTH 32 CUET PACIOJI0KEHHSI BBITSDKHBIX BO3JLY-
XOBOJIOB C TIPUTOYHBIMH BO3YXOBOJaMH, 00bEANHEH-
HBIMH B OOIITHI KPYTIIBIH BO3AyXOBOI (KOpP0O);

¢ aBTOMAaTu3aluu pa6OTI)I CHUCTEMbI BEHTUIIALINHU.

JUisi MakCUMalIbHOTO 9HEProcOepeKeHHs! TeII0-
BOM PHEPruyn ObljIa CIPOEKTHPOBAHA U CMOJEIHPOBAHA
yCTaHOBKA, MO3BOJIAONMAs JOOUTHCS Bbicokoro KITJ]
IIyTEM IPEACTABICHUS PEKyINEpaTopa KaK BBITSKHO-
ro yCTPOMCTBA JUIsS ylajeHHs! TEIUIOBBIX M30BITKOB,
BPEIHOCTEH MM MOAJICPKAHUS ONTHMAIBHOTO BO3JLY-
X000MeHa B MHOT000pa3HBIX momemmenusx. Ocoben-
HOCTh KOHCTPYKIIMH 3aKJIFOYaeTCsl B TOM, YTO PEKyIle-
parop Mrpaet poiib TPacchl BO3IYXOBO/A U BBITSDKHOTO
YCTPOHCTBA OHOBPEMEHHO, BO3[yXOBO/bI BBITSHKHOM
U IIPUTOYHON CHCTEMBI OOBEANHEHBI B OJIUH KPYTJIBIHA
BO31yx0BOJ1 (Kopo0). Bo BHyTpeHHel obiactu kopoda
(BHELIHMI BO3/yXOBOJ KPYIJIOTO CEYEHUs) MTPOXOAUT
MPUTOYHBIN BO3JYX, MOCTYNAIOIINN U3 HAarpeBaTes,
KOTOPBIM BBICTYIIA€T NEPBOM CTYNEHbIO MOJOIPEBA
B MEXaHHYECKOW CHCTeMe BEHTHJIALMH, B IpoLecce
Yero yJaJsieMblil BO3/lyX IepeaeT Tero NPUTOYHOMY
BO3/yXy depes Teruronepenatonire Tpyoxu. IIpurou-
HBIH BO3AYyX 00TeKaeT opeOpeHHBIC BHITSIKHBIE TPYO-
KU ¥ cOOPHBIN KOJJIEKTOP yJalisieMoro Bo3ayxa. Peopa
NPUHSATHI ISl YBEIMYCHUS TUIONAIN KOHTAKTa TeIUIo-
HOcHUTeJel. AKIIEHT, KOTOPBI MPHHUMAETCS Ha TeMIIe-
parypy 5 °C nmo 3axofa MpUTOYHOTO BO3AyXa B KOMOH-
HUPOBAHHBIN PEKyNeparop, IeJIaeTcst isi TOr0, YTOObI:

* yCTpaHHUTh OOMEp3aHUE TEILIONEPEAAOIICH 1M0-
BEPXHOCTH B PEKyIIepaTope, YTO BCerna ObIBAaeT, ecin
OZIMH U3 TEIUIOHOCHUTENICH NMEET OTPULATEIBHYIO TEM-
1eparypys;

* YCTPaHMTh «OTTaWKy» peKyIneparopa, Koraa or-
KITFOYAEeTCsl IIPUTOYHBIA BO3YX U TEIZIOOOMEHHUK I1PO-
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MyCKaeT uepe3 ceOsi TOJIbKO BBITSHKHOW BO3/YX, UTO 3a-
HUMaeT MHOTO BPEMEHH;

* mojepkarh cradmibHbIN U Beicokuid KT/ ycra-
HOBKH, TaK KaK He Oy/ieT oOMep3aHus Terionepeiaro-
el TOBEpXHOCTH.

Bce ycoBepiieHCTBOBaHMsI, IPUHSATHIE B KOMOU-
HUPOBAHHOM PEKyIepaTope, TNIaBHBIM 00pa30M BIHSIOT
Ha KO3()(HUIMEHT TEIIOOTAAuN KaK CO CTOPOHBI IpH-
TOYHOTO, TaK M CO CTOPOHBI yAaIsieMoro Bozayxa [1-5].
Cucrema MEXaHIIECKOH BEHTIUIAINH, padoTaromas Kak
OJIHO 1IeJI0e ¢ KOMOMHMPOBAaHHOM PEKyIepaTopHOi ycTa-
HOBKOH, YIIPABIIACTCS aBTOMATHYECKH TSI TOCTIHKECHHS
Ooee cTaOMITBHOW TeMIepaTypsl IPUTOYHOTO BO3IyXa
noclie pekyrneparopa. B 1aHHoMm pemiennn He 000MTHCH
0e3 aBTOMAaTH3aIiH, TIOCKOIBKY HEITB3sI TIPEACKa3aTh Mpo-
LIecC BBIJIEJICHUS TeIlIa B OMEIEHHH. JTO Mpe/inosara-
eT kosiebaHue TeMIeparypbl BXO/Ia YaIIeMOro Bo3ryxa
(¢ MOMOIIIBIO BRITSKHBIX TPYOOK 3a00pa BO3MyXa) Ha Ipo-
TSDKEHUH pabOThI CUCTEMbI MEXaHHYECKON BEHTHIISILIMN.

JIBrKeHHUE TCIUIOHOCHTEJICH B KOMOMHHUPOBAH-
HOM PEKyIepaTope C BBITSKHBIM BO3IYXOMPHUEMHBIM
YCTPOWCTBOM MPUCYTCTBYET KaK MPOTHBOTOYHOE, TAK
1 TIEPEKPECTHOE, UTO TIO3BOJISET 3aBUTH O CMEIIIAHHOM
npoliecce MOTOKOB TerioHocuTene. TpyOku kpyrioi
(hopMBbI, CIPOCKTHUPOBAHHBIE B pEKylepaTope, NatoT
BO3MOJKHOCTB TIPUTOYHOMY BO3/IYXY IPOXOAUTH C OOJTh-
MM 00TEKaHHEM ITOBEPXHOCTH, a pedpa — JONOJIHU-
TEJIBHO YBEIWYHTH IUIOIMIAAb, B PE3YIBTATe YETO MOBHI-
mraercst 3(h(heKTHBHOCTE paboTHI pekyneparopa [6—21].
C NOMOIIBIO TAKOTO PELICHHsS MOXKHO HCIOJIb30BaTh
BCE€ TUTIOCH IPOTUBOTOYHOTO M MEPEKPECTHOTO JIBH-

JKeHUs TTOTOKoB. Ecni paccMarpuBath neprnoj paboTsl
CUCTEMbl MEXaHUYECKOW BEHTUJISILIUHU, TO KOMOMHHUPO-
BaHHAs PEKyNEepaTopHasl yCTAHOBKA BXOJWT B TPYIIILY
HETPEPBIBHOTO JIEHCTBUS, TaK KaK TEIUIO MepeaaeTcs
oT 6osiee HArpeToOro Bo3ayXxa K MEHEe HarpeTomy de-
pe3 pa3eneHHyI0 TeIUIoNepearollyo TTOBEPXHOCTh
Ha MPOTSDKEHUH BCEHl CTajnu paboThl MEeXaHHUYeCKOU
BEHTWIALMOHHON cuCTeMBI. J{/Is IEMOHCTpPAIK PEKy-
MepaToOpHON yCTAaHOBKHU IMPEACTaBICHA IIPUHINITHAIb-
Hasl cXxeMa U BHYTPEHHss KOHCTpyKuus (puc. 1-4).

CocraB yctaHoBkH (puc. 1-4):

1 — HarpeBarens;

2 — NPHUTOYHBINA BEHTHJISTOD;

3 — BBITSDKHON BEHTHJISITOP;

4 — TIPUTOYHBII BO3TYXOBO/;

5 — Ipoccenb-KiamaH;

6 — KOMOWHHMPOBAHHBIA PEKyNepaTop ¢ BBITIK-
HBIM BO3JIyXOIIPHEMHBIM yCTPOHCTBOM;

7 — JaT4UK TeMIIeparyphl;

8 — mnputoyHOE BO3AyXOpaclpenenuTeIbHOe
YCTPOMCTBO;

9 — BBHITSDKHOE OTBEPCTHE;

10 — BoITSDKHAS TPYOKa;

1] — BBITSHKHOH KOJUIEKTOP;

12 — BBITSKHOW BO3YXOBO/I;

13 — ynansiemblii BO3AYX;

14 — npUTOYHBIN BO3IYX;

15 — pedpo KoIIeKTOpa;

16 — pedpo BBITSKHOU TPYOKH;

17 — aBTOMAaTUYECKUH IIUT YNIPaBICHHUS;

18 — nomereHue.

v

i<

v

<]

v

D
D
D

v

%

/—]7

DAOD D

<
-~

iq AODAOD by

i

q/b
N

r
o]
224

/6

-

<

i

-4

r\

P~
\11

AAA

D

A
18

10

Puc. 1. [Ipuanunuansaas cxeMa KOMOMHHPOBAHHOTO PEKyIepaTropa ¢ BHITSIKHBIM BO3yXONPHEMHBIM yCTPOHCTBOM IS

HUCIIOJIb30BaHUS B MEXAaHUYCCKHUX BCHTUIIIUOHHBIX CUCTEMAX
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Paccmorpum anroput™ paboThl KOMOMHUPOBaH-
HOTO PEKYIeparopa C BBITSIKHBIM BO3LYXONPUEMHBIM
YCTPONCTBOM, MO3BOJISIIOIINN MOBBICUTE () ()EKTHB-
HOCTb (DYHKIIMOHUPOBAHUSI CHCTEMbI BEHTHJISILIUH B XO-
JIOOHBIN U TIEPEXOHBIN EPHOBI FOfa.

IIpuTounslii Bo3ayx /4 nogaercs 4yepe3 Harpena-
Tedb / M UMeeT TeMIeparypy Inepej NPUTOYHBIM BEH-
TuasTopoMm 2 He MeHee 5 °C. DTO yclioBHE TOJIKHO
BBITOJTHATHCS ISl N30€KaHUs «OTTalKM» KOHJAEHcaTa
Ha TEeIUIONepeAaoueil HOBEPXHOCTH, UTO MOXKET CIO-
co0CTBOBATH, €CIIN TEMIIepaTypa MPUTOYHOIO BO3AyXa
OyaeT oTpHUIaTeThbHON, OTKIIOYCHHUIO TPUTOYHON Me-
XaHU4YeCcKoH cuctemsl BeHTUIsAUH. [locie vero npu-
TOYHBIA BO3JyX /4 HarHeTaeTcs MO BO3JyXOBOAAM
4 ¥ IPOXOIUT Yepe3 ApOCCeib-KianaH 5 Aisl yBA3KU
BeTBEH cucTeMbl. Jlajnee MpUTOUYHBIH BO3AYyX MOCTY-
naeT B KOMOMHUPOBAHHBIN PEKYIIEpaTop C BBITSHKHBIM
BO3YyXOIPHEMHBIM YCTPOHCTBOM 6, TA€ MPOUCXOAUT
JIOTPEB CBEXKETO BO3IYyXa, B MPOIECCE YErO BO3AYX,
BBIXOAALINN U3 JAaHHOTO y371a, IPOXOAUT Yepe3 AaTuuK
TeMIepaTypsl 7, KOTOPBIH aHaTH3UpPyeT HEOOXOIUMYIO
TEMIEPATYpPy U C MOMOIIBIO aBTOMATHKHU /7 MOAAET
CUTHAJI HA HarpesaTelb /, KOTOPBII B CBOIO OuYepenb
KOPPEKTHPYET HarpeB MepBoit cTyneHu. B urore mpu-
TOYHBIA BO3AYX /4 MOCTymaeT B MOMEIIEHNE U3 MPH-
TOYHOTO BO3yXOpPacCHpeJeNUTEIbHOTO yCTPONCTBA &§
B nomelenue /8.
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Bentusitop 3 3abupaer ynansemslid Bo3ayx /3
13 ToMeIeHus /8, oH MOCTynaeT B BBITSXKHOE OTBEp-
ctue 9 3abopa BO3Iyxa, TIE IBHKETCS MO BBITSHKHBIM
TpyOKam /(). 3aTeM BBITSDKHOM BO3ayX /3 W3 BBITSDKHBIX
TpyOOK /0 ¢ noriepeuHbIM opedpeHreM /6 co CTOPOHBI
MPUTOYHOTO BO3/AyXa /4 MOCTymaeT B COOPHBIA BBI-
TSDKHOW KOJUTEKTOp // ¢ MpOJOIBHEIM opebpennem /5
CO CTOPOHBI MPUTOYHOTO Bo3xyxa /4. B pesymsrare
YeTo y#alisieMbld BO31yX /3 MOCTYIMAEeT B BBITSKHON
BO3JyX0BOA /2, e YCTaHOBIEH ApOCCENb-KJIanaH 5
JUISL BBIpAaBHUBAHUSI IABJICHHSI MEXK]y JIByMsI BETKaMHU.
B xoHIE cuCTeMBI BHITSDKHON BO3nyX /3 ymamsercs
B OKPYKAIOIYIO CPELY.

VYnaneHnue KoHJEHcaTa, 00pa30BBIBAIOLIEIOCS
Ha BBITSDKHBIX TPyOKax (Teruromepenaronieil moBepx-
HOCTH) MEXJTy YIaJIieMbIM BO3AYXOM /3 M IPUTOYHBIM
BO3/JyXOM /4, IPOM3BOIUTCS B IPEHAKHYIO CUCTEMY.

TemoBoit mepeHoC YHEPTHH OT HoJee HArPeTOTOo
(ynansiemoro) Bo3ayxa /3 K MeHee Harperomy (MpH-
TOYHOMY) /4 BO3MyXy HepenaeTcs dyepes Teronepe-
JTAIOIIYT0 TIOBEPXHOCTD, CIPOSKTHPOBAHHYIO B (hopme
Tpy6ok /0 c momnepedHbiMH peOpamu /6 u oOmiero
cOOpHOTro KoJIeKTopa // ¢ mpooIbHBIMU pedpamu 5.
[IpuHsTHE TaHHOTO PEIICHHNS MTO3BOJISIET YBEININTD KO-
¢ punneHT 3pPpEeKTUBHOCTH peKynepaTopa B CHCTEME
MEXaHU4YeCKOM BeHTHsIIuH [22-25].
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Puc. 2. [IpononsHoe ceyeHne KOMOMHUPOBAHHOTO PEKyNEpaTropa C BHITSIKHBIM BO3AYXOINPUEMHBIM YCTPOHCTBOM JUIs

HCIIOJIB30BAHHUSA B MEXaHUUYCCKUX BECHTUIIIIIMOHHBIX CUCTEMAaX
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Puc. 3. [Tonepeunoe cedeHre KOMOMHUPOBAHHOTO PEKyIepa-
TOpa C BBITSLKHBIM BO3JYXOIIPHUEMHBIM YCTPOHUCTBOM IS HC-
MOJTb30BAHUS B MEXaHNYECKNX BEHTHIISIIIMOHHBIX CHCTEMAX
B MeCTe MOAKITIOUCHHUS: @ — BBITSHKHBIX TPYOOK K cOOpHOMY
KOJIIEKTOPY; b — HMPUTOYHOTO BO3TYyXOBOJA
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Puc. 4. AkcoHOMeTpHs KOMOMHHPOBAHHOTO PEKyIeparopa
C BBITSDKHBIM BO3/yXONPHUEMHBIM YCTPOHCTBOM IS HCIIOIb-
30BaHHUS B MEXaHNUECKUX BEHTHISIIMOHHBIX CHCTEMaX
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B MEXaHU4YeCKNX BEHTUAALMNOHHbLIX CUCTEMAaX

C. 49-59

PE3YJbTATBI NCCJIIEJOBAHMUS

[TonoxuTenbHbIE CTOPOHBI HCIIOIB30BAHUS KOM-
OMHUPOBAHHOTO peKyIeparopa:

1. CoxparteHue TeoBbIx 3arpar. Harpesanue npu-
TOYHOTO BO3/lyXa B HarpeBareJIe MPOMCXOIUT JI0 TeMIIepa-
Typsl 5 °C u Bbite. Harpesarens urpaet posib NepBoii CTy-
TICHW HarpeBaHMs B MEXaHHIECKOH CHCTeMe BEHTHIISIIHM.
ITpouecc norpeBa NPUTOYHOTO BO3TYyXa IMPOMCXOIHT B KOM-
OMHMPOBAHHOM PEKYIIEPATOPE C BHITSHKHBIM BO3TYXOIPH-
€MHBIM YCTPOHCTBOM, YTO MOPA3yMEBAET BTOPYIO CTyEHb
HArpeBaHMs B MEXAaHUYECKOM BEHTHIIILIMOHHON CHCTEME.

2. IlpocTora KOHCTpyKIWH. Pexymneparop He nmeeT
JIBIIKYIIUX JIEMEHTOB, TEIIONEpeIatolye TPyOKH ¢ Tore-
PEYHBIMU peOpamu ¥ COOPHBII KOJLUICKTOP C IPOIOILHBIMHE
pebpamu pacrosararoTcs BHyTpH BHEIITHETO BO3AyXOBOAA.
3aBojickast cOOpka He TpeOyeT MaKCHMaIbHOW KaTeropun
WHXEHEepOB, COOMPAIONINX JaHHBIA pekyneparop. Komou-
HAIsI PEKyTIepaTropa 1 BBITSDKHOTO YCTPOHCTBA O0bEMHS-
T JIBa pa3HbIX IEMEHTa, MPEATIONATafOINX YHIKAIbHBIE
(hyHKIMM B CHCTEME MEXaHUYECKON BEHTHIISIIINM.

3. CoxkparieHre IKCIDTyaTalioHHbIX 3arpar. [Ipu wc-
TMOJTb30BaHUN PEKYTIEPaTOpa MOCIIE HArPEBATENs B CHCTe-
M€ MEXaHMYIECKON BEHTHIIILIUK OTCYTCTBYET OOMep3aHue
U TIOCJIEAYIOIAs «OTTalKay TEIJIoNepeaatolei moBepx-
HocTH. CXeMa pacroyioKeHNs] KOMOWMHUPOBAHHOTO PEKyTIe-
paropa ¢ BBITSHKHBIM BO3/TYXOIPHEMHBIM YCTPOWCTBOM JIIst
WCIOJIB30BaHUs B MEXaHNUECKON BEHTUIIAIIMOHHON CUCTe-
Me TO3BOJISIET 00XO/IUTHCS O€3 3aMEHBI TEILIONEPE/IATOINX
TpyOOK MII PEMOHTA BHYTPEHHETO, HJIM BHEIITHETO COCTaBa
YCTAHOBKH, TaK KaK Ha BCEM MPOTSDKEHUN PaOOTHI B XOJIONT-
HBI ¥ TIEPEXOTHBIN MEPHOJIBI TOIa CPETHSS TEMITepaTypa
TIPH OCYILECTBICHAN TEIUIONIEPEHOCA MEXKITY YAAISIEMbIM
Y TIPUTOYHBIM BO3/TyXOM HAaXOAWTCS B IUTFOCOBOM JIHaria-
30He. TexHnueCKOMy TTepcOHaITy HEOOXOAMUMO JIENaTh Mpo-
BEPKy OJIVIH pa3 B TOJ] Ha MIPEMET 3arpsI3HEHMS U LIETOCT-
HOCTH TEIIONEPEIAIOIINX TPYOOK.

4. Dcretudeckas cocTapistomas. PexynepaTtop
UTPaeT poJb BBHITSHDKHOTO BO3LYXOIPUEMHOIO YCTPOii-
CTBa U TPACChl BO3YXOBOJa OJHOBPEMEHHO, 3TO I10-
3BOJISIET pacmoJiaraTb B HEM OOJBIIYIO IUIONIA]b
TEIUIOTIEpEIatoNel ITOBEPXHOCTH, YTO TOBBIIIAET WH-
TEHCU(HKAIIIO TETIIOTepEIadn.

5. IIpumeHenne aBTOMaTUKHU Il KOHTPOJIHPOBA-
HUSI ¥ KOPPEKTUPOBKHX Temreparypsl. 1llur aBromaru-
K{ IIpH paboTe BKYIIE C AATINKOM TEMIIEPATYpPhI AaeT
BO3MOXXHOCTh KOHTPOJIHMPOBATH U KOPPEKTHPOBATH
TEIUIOBYI0O MOIIHOCTh B Harpesarene. [7aBHOe mpa-
BUJIO — YCTAHOBKA JIaTYMKA TEMIEpPaTypsbl MO MOTOKY
JI0 ¥ BOJIM3M MPUTOYHOTO ycTpoiicTBa. IMeHHO maioe
paccTosiHUE MO3BOJIUT MAaKCUMAJIbHO TOYHO HOJIIEPIKH-
BaTh TEMIIEPATYPy MPUTOYHOTO BO3YXa, BHIXOISIIETO
U3 BO3/lyXOPacHpeAeIUTeIbHOIO yCTpoicTBa [26-29].

3AKJTIOYEHUE U OBCYXJIEHUE

KoMOMHMpOBaHHBII PEKynepaTop C BBITSHKHBIM BO3-
JIyXOTIPUEMHBIM YCTPOHCTBOM TS HICTIOJb30BaHMUSI B Me-
XaHNYECKNX BEHTWISIIMOHHBIX CHCTEMax MO3BOJISACT:

* 3KOHOMHTb MOIIHOCTh HarpeBaTels;

° HCKJIIOUUTH OOJICICHCHUE TEILIONEPEIaroIIci
MOBEPXHOCTH U MPOIECC «OTTAWKM» (OTKIIOYEHUs
MPUTOYHOU CHUCTEMBI BEHTHJISILUU M PaOOTHI TOJIBKO
BBITSDKHON CHCTEMBI BEHTHIISIINN);

* YMEHBUINTH JICHE)KHBIE 3aTPaThI;

* MOBBICUTH (YPEKTHBHOCTH MO CPABHECHHUIO
C aHaAJIOraMHM 3a CUET YBEJIMYCHMsS IUIOMAIH TEeIyio-
nepejaroleld NOBEPXHOCTH IPY MOMOLLU HETUIIOBON
paboThI U CXEMBI;

* 00beMHNTH (YHKIIMOHAT JBYX HE3aBHCHMBIX
9JIEMEHTOB — PEKYyIIepaTopa 1 BBITSHKHOTO YCTPOHCTBA;

* no6uTHCA OoJIee OBICTPOI OKYITAEMOCTH TI0 CPaB-
HEHUIO C aHaJIoraMu;

* BBIMIOJHATH MOHTAX W YCTAHOBKY Ha 00BeKTe 0e3
KaKUX-JIMOO CIIOKHOCTEH JUIsl HHHKEHEPOB M MOHT)KHUKOB;

* OCYIIECTBJISATh MUHUMAJIBHBIH KOHTPOJIb JKC-
IUTyaTUPYIOIUMH OPraHnu3aHsIMH.

OcHoOBHBIE TpeOOBaHUS JJISI MPOCKTUPOBAHUS
KOMOMHHPOBAaHHOTO PEKyIeparopa ¢ BHITSKHBIM BO3-
JIYXOIPUEMHBIM yCTPOWCTBOM C LENBIO HCTIONB30BaHUS
B MEXaHHUUECKMX CUCTEMax BEHTHIISLIUH:

* Pacxojl MPUTOYHOTO BO3LYXa;

* pacxoll yJalsieMOoro BO3/1yXa;

* TIapaMeTpbl BHYTPEHHETO BO3/yXa;

* mapaMeTphl BXO/ia IIPUTOYHOTO BO3/LyXa, TEMIIe-
parypa Bo3nyxa He Hike 5 °C;

* [TapaMeTpbl BbIX0/a IPUTOYHOTO BO3/1yXa;

* TapaMeTpPhl BXOZA YIaIsieMOTO BO3AyXa,

* [TapaMeTpbl BBIXO/a Y/IaIsIeMOro BO3/1yXa;

* TJIOMIA (b TEMJIONEPENAIOINX TPYOOK U BBITSIK-
HOTO KOJIEKTOpa (TI0BEpXHOCTEN);

* Marepuai 1 OpeOpeHue TEIIONePEeIatoIUX TPY-
0OK U BBITSDKHOTO KOJUIEKTOpA (ITOBEPXHOCTEH ).

['maBHBIE TpeOOBaHMS AJIS SKCIUTyaTallnd KOMOU-
HUPOBAHHOTO PEKYIIEPATOpa C BBITSHKHBIM BO3YXOIPH-
€MHBIM YCTPOHCTBOM C LIEJIBIO HCIIONB30BAHUS B MEXa-
HUYECKUX CUCTEMax BEHTHIISLIUH:

* OYMCTKA TETUIONEPEAIONINX TPYOOK U BBITSIK-
HOTO KOJUUIEKTOpa (ITOBEPXHOCTEN) ISl TOAIePKAHUS
pacueTHO# d(dexTuBHOCTH padboTHl. [ns yBemmde-
HUS Mana3oHa OYUCTKH TEIUIONEePearoluX TpyooK
Y TETIOOOMEHHHKA BO3MOYKHO HCIIOIB30BaTh B TIPOEKTE
(GUIBTp «0COO0 TOHKOH OYMCTKUY;

* OILICHKA PabOTHI CHCTEMBI aBTOMATHKHU IS TTOJI-
JIepIKaHMsl TEMIIEPATyPhbl IPUTOYHOTO BO3IyXa.

Takum oOpa3zom, cmemmanucTamM B 00IacTH
CHCTEM BEHTHJIAIMHU MPEIOKEH BapHaHT KOMOH-
HHUPOBAHHOTO PEKyIepaTropa C BBITSKHBIM BO3MY-
XOIIPUEMHBIM YCTPOHCTBOM /ISl HCIIOJIb30BaHUS B Me-
XaHUYECKNX BEHTHIISIIIUOHHBIX CHCTEMaxX, KOTOPBIN
oOajaeT BECOMBIMH TUIIOCAMU 110 CPaBHEHUIO C aHa-
moramu. J[aHHBIA TETJIOOOMEHHBIN ammapaTr ¢ aBTO-
MaTHKOH 1Mo3BoJIsieT o0ecnednTh Oosee cTabuiIbHbIE
TeMIIEpaTypHble apaMeTpbl MUKPOKINMATa B II0-
MEIIEHUH B XOJIO/HBIA M MEPEXOAHBII epUobl rojia
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INTRODUCTION

Leading engineering companies related to ven-
tilation equipment try to develop technologies, algo-
rithms of operation and modernize all known devices
in the field of providing comfortable microclimate
in the room. Work on creation of optimal parame-
ters of work, not high price, payback within time —
the criteria for which there is a struggle for supremacy
in the market of ventilation equipment.

A recuperator is a device aimed at transferring heat
energy from a more heated heat transfer medium to a less
heated heat transfer medium through a separated heat
transfer wall. Today, specialists in the field of ventilation
and heat and mass transfer systems try to achieve high
efficiency in their recuperators by modifying the heat
transfer surface and the design of the heat exchanger it-
self. If these units are designed correctly, the efficiency
of the mechanical ventilation system can be significantly
increased. The priority is to save money on their pur-
chase, ease of operation and payback over time.

MATERIALS AND METHODS

The paper proposes an analogue based on the tubu-
lar heat exchanger, but different:

* by design from those available today;

« combination of a recuperator as a room exhaust unit;

* not a typical recuperator layout.

In this article, we will talk about the design solu-
tion of a recuperator unit or simply a heat exchanger
operating on the heat carrier air.

The technical result of the work is to increase
the efficiency factor with:

+ the combination of the recuperator as a room
exhaust unit, thus increasing the heat exchange surface
without affecting the aesthetic dimensions of the venti-
lation system on site;

* the recuperator as a second heating stage;

* not a typical layout;

* the type of heat transfer material;

* finning of the heat transfer surface;

* increasing the heat transfer surface area due to
the arrangement of exhaust ducts with supply ducts
combined in a common circular duct (box);

+ automation of the ventilation system.

In order to maximize the energy saving of thermal
energy, an installation has been designed and modelled
to achieve high efficiency by presenting the recuperator
as an exhaust unit for removing thermal excesses, con-
taminants or maintaining optimal air exchange in a variety
of rooms. The special feature of the design is that the recu-
perator plays the role of both a duct route and an exhaust
unit at the same time, the ducts of the exhaust and supply
system are combined into one circular duct (box). In the in-
ner area of the box (outer circular duct) passes the supply
air coming from the heater, which plays the role of the first
stage of heating in the mechanical ventilation system,
in the process of which the exhaust air transfers heat to
the supply air through heat transfer tubes. This supply air
flows around the finned exhaust tubes and the exhaust air
collector. The fins are adopted to increase the contact area
of the heat transfer media. Accent, which is taken at a tem-
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perature of 5 °C before sunset supply air to the combined
recuperator, is done in order to:

* eliminate freezing of the heat transfer surface in
the recuperator, which always happens if one of the cool-
ants has a negative temperature;

* eliminate heat exchanger «defrosts», when the sup-
ply air is turned off and the heat exchanger passes only
exhaust air through itself, which takes a lot of time;

* maintain stable and high efficiency of the installa-
tion, since there will be no freezing of the heat transfer
surface.

All improvements adopted in the combined re-
cuperator mainly affect on the heat transfer coefficient
from both the supply and exhaust air sides [1-5]. Me-
chanical ventilation system operating as one piece with
a combined recuperator unit, controlled automatically to
achieve more stable supply air temperature after the re-
cuperator. There is no way around this solution without
automation, since it is impossible to predict the process
of heat release in the room. This involves fluctuating
exhaust air inlet temperature (using exhaust air intake
tubes) during operation of the mechanical ventilation
system.

The movement of heat carriers in the combined
recuperator with an exhaust air intake unit is both coun-
tercurrent and crosscurrent, which makes it possible to
declare a mixed process of heat carrier flows. The cir-
cular tubes designed in this recuperator allow the sup-
ply air to pass with a large surface flow, and the fins
allow an additional increase in the surface area, thus
increasing the efficiency of the recuperator [6-21].
This solution makes it possible to use all the advan-

tages of countercurrent and crosscurrent. If we con-
sider the period of operation of this mechanical ven-
tilation system, the combined recuperator unit is part
of the continuous group, as it allows heat transfer from
more heated air to less heated air through a divided heat
transfer surface throughout the entire stage of operation
of the mechanical ventilation system. To demonstrate
the recuperator unit, the circuit diagram and internal
construction are shown in Fig. 1-4.

Composition:

1 — heater;

2 — supply fan;

3 — exhaust fan;

4 — supply air duct;

5 — throttle valve;

6 — combined recuperator with exhaust air intake
device;

7 — temperature sensor;

8 — supply air distribution unit;

9 — exhaust opening;

10 — exhaust tube;

11 — exhaust collector;

12 — exhaust duct;

13 — exhaust air;

14 — supply air;

15 — collector rib;

16 — 1ib of the extraction tube;

17 — automatic control panel;

18 — room.

Let us consider the algorithm of operation of the com-
bined recuperator with the exhaust air intake device, which
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Fig. 1. Schematic diagram of a combined recuperator with an exhaust air intake unit for use in mechanical ventilation systems
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allows to increase the efficiency of the ventilation system
in the cold and transitional periods of the year.

The supply air /4 is supplied through heater / and
has a temperature in front of supply fan 2 of at least
5 °C. This condition must carried out to avoid conden-
sate “defrosting” on the heat transfer surface, which
can exist if the supply air temperature will be negative,
the air supply will be turned off mechanical ventila-
tion system. After which the supply air /4 is pumped
through the air ducts 4 and passes through the throttle
valve 5 for linking the branches of the system. Next,
the supply air enters a combined recuperator with an ex-
haust air intake device 6, where the fresh air is reheated,
during which the air, leaving this node passes through
the sensor temperature 7, which analyzes the required
temperature and with the help of automation /7 sup-
plies signal to heater /, which in turn adjusts the heat-
ing of the first stage. As a result, supply air /4 enters
the room from the supply air distribution device § to
room /8.

The fan 3 draws the exhaust air /3 from the room /8
and enters the exhaust air intake opening 9, where it
flows through the exhaust tubes /0. Further, the extract
air /3 from the extract tubes /0 with transverse fins /6
on the supply air side /4 enters the exhaust collector //
with longitudinal fins /5 on the supply air side /4.
The exhaust air /3 then flows into the exhaust duct /2,
where a throttle valve 5 is installed to equalize the pres-
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Fig. 2. Longitudinal section of a combined recuperator with an

11

Fig. 3. Cross—section of a combined recuperator with an ex-
haust air intake unit for use in mechanical ventilation systems
at the connection point: @ — exhaust tubes to the collector;
b — supply duct
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sure between the two branches. At the end of the system,
the exhaust air /3 is discharged into the environment.

Condensate formed on the exhaust tubes (heat
transfer surface) between the exhaust air /3 and the sup-
ply air /4 is removed to the drainage system.

Thermal energy transfer from the more heated (ex-
haust) air /3 to the less heated (supply) air /4 is trans-
ferred through the heat transfer surface designed in
the form of tubes /0 with transverse ribs /6 and a com-
mon collecting collector 7/ with longitudinal ribs /5.
Adoption of this solution allows increasing the recuper-
ator efficiency coefficient in the mechanical ventilation
system [22-25].

RESEARCH RESULTS

Positive aspects:

1. Reduction of heat costs. The supply air is heated
in the heater to a temperature of 5 °C or more. The heat-
er itself is the first heating stage in a mechanical ventila-
tion system. The reheating of the supply air takes place
in a combined recuperator with an exhaust air intake
unit, which implies a second heating stage in the me-
chanical ventilation system.

2. Simplicity of design. The recuperator has no
moving parts, the heat transfer tubes with transversal
fins and the collector with longitudinal fins are located
inside the external duct. The factory assembly does not
require the maximum category of engineers assembling
this recuperator. The combination of recuperator and
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exhaust air intake for use in mechanical ventilation systems

Fig. 4. Axonometric view of a combined recuperator with

an exhaust air intake for use in mechanical ventilation systems
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extractor combines two different elements with unique
functions in a mechanical ventilation system.

3. Reduced operating costs. When the recupera-
tor is used after the heater in a mechanical ventilation
system, there is no freezing and subsequent “defrost-
ing” of the heat transfer surface. This arrangement
of the combined recuperator with exhaust air intake de-
vice for use in the mechanical ventilation system makes
it possible to do without replacement of heat transfer
tubes or repair of the internal or external composition
of the unit, since throughout the operation in the cold
and transitional periods of the year, the average tem-
perature during the heat transfer between the exhaust
and supply air is in the plus range. The maintenance
staff should check once a year the effect of fouling and
the integrity of the heat transfer tubes themselves.

4. Aesthetic component. The recuperator plays
the role of an exhaust air intake unit and duct route si-
multaneously, which allows a large heat transfer surface
area to be located in the recuperator, thus increasing
the heat transfer intensification.

5. Use of automation to control and adjust the tem-
perature. The automation panel, when working in conjunc-
tion with a temperature sensor, allows the heat output in
the heater to be monitored and corrected. The main rule is
to install the temperature sensor in the flow upstream and
close to the supply unit. The small distance will allow to
maintain the temperature of the supply air leaving the air
distribution unit as accurately as possible [26-29].

CONCLUSION AND DISCUSSION

Combined recuperator with an exhaust air intake
unit for use in mechanical ventilation systems allows:

* save heater power;

* avoid icing of the heat transfer surface and
the “defrosting” process (switching off the supply ven-
tilation system and operating only the exhaust ventila-
tion system);

* reduce explicit costs;

* increase the efficiency compared to analogues
by increasing the heat transfer surface area using non-
typical operation and circuitry;

» combine the functionality of two independent
elements, recuperator and extractor;

» produce a faster payback compared to ana-
logues;

* carry out assembly and installation on site with-
out any difficulties for engineers and installers;

* carry out minimal control by the operating or-
ganizations.

Basic requirements for the design of a combined
recuperator with exhaust air intake for use in mechani-
cal ventilation systems:

* supply flow rate;

e exhaust air flow rate;

* indoor air parameters;

* supply air inlet parameters, air temperature at
least 5 °C;

* supply air outlet parameters;

 parameters of the intake of the removed air;

» parameters of the exhaust air outlet;

« area of the heat transfer tubes and the exhaust
collector (surfaces);

* material and finning of heat transfer tubes and
exhaust collector (surfaces).

Basic requirements for the operation of a com-
bined recuperator with exhaust air inlet for use in me-
chanical ventilation systems:

* cleaning of the heat transfer tubes and the ex-
haust collector (surfaces) to maintain the design effi-
ciency. To increase the cleaning range of the heat trans-
fer tubes at the heat exchanger, it is possible to use
an “extra fine” filter in the project;

« evaluate the operation of the automation system
to maintain the supply air temperature.

Thus, specialists in the field of ventilation systems
are offered a variant of a combined recuperator with an
exhaust air intake unit for use in mechanical ventilation
systems, which has significant advantages compared to
analogues. This heat exchanger with automation makes
it possible to provide more stable temperature param-
eters of the indoor microclimate during cold and transi-
tional periods of the year, taking into account the inten-
sification of heat exchange between exhaust and supply
air through heat transfer tubes and collector, which con-
tributes to improved energy saving.
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