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OCOBJHMBOCTI ITPOLECIB TEIIJIO MACOOBMIHY PEKYIIEPATUBHOI'O MEMBPAHHOT'O
TEIIJIOOBMIHHHUKA «ITOBITPA-ITIOBITPSI» B JIITHIU ITEPIO /|

Y cmammi posenauymi excnepumenmanvui ma po3paxynkoei 0ani no memnepamypi i 6010208Micmy no-
8impsi 00 I nicia ymunizamopa, meniogum NOMoKam ma eKOHOMIL eHepeii 3a JimHIl nepiod Ha NPUKIaol
2013 poky onsi m. Kuesa. 3a pesynemamamu excnepumeHmanoHux 00CH0NCeHb 3aCMOCYSAHHI MEMOPAaH-
HO020 Menj00OMIHHUKA 6 JIIMHIU nepiod 00380J€ 30INbWUMU YMULIZ308AHUT MENI0SUN NOMIK 34 PAXYHOK
npuxosarnoi meniomu Ha 20 % nopieHAHO 3 ymunizamopom minvku s6Ho10 meniomu. Pospaxynrosi me-
mMoOu NOPIBHAHO 3 PAKMUYHUM eheKmoM 0aromyv Olibuie 3HAYEHHS 3HUNCEHHS CHOJNCUBAHHA eHepeil 3a
PAXYHOK 3MEHWIEeHHs. BMICMY 601102U 8 NPUNIUBHOMY NOGImpI — Ha 78.5 % (015 00020 OHs), 8 cepedHbo-
My 3a aimuiu cezon — 74.6 % (3 suxopucmanuam oanux IWEC). Cepeoni paxmuuni koeghiyienmu egex-
MUBHOCMI OJiA IIMHBLO20 pedcuMy ckaaoaroms 73.2 % no saeniti menaomi, 63.8 % no npuxosauiti meniomi
i 71.0 % no noguiu mennomi.

Knrwwuosi cnosa: ymunizayis meniomu, ymuiizayisi 60102U, CUCHEMU eHepeoe@eKmusHoi eeHmuIayii,
MeMOpannull meniooOMiHHUK, KoeiyicHmu eghekmueHocmi, 16Ha Meni1oma, npUXxo6ana meniomd.
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OCOBEHHOCTH NPOLECCOB TEIINIOMACCOOBMEHA PEKYIIEPATUBHOI'O MEMBPAH-
HOI'O TEILIOOBMEHHUKA "BO31YX-BO31YX" B JIETHUM ITEPUO/I

B cmamve paccmompensl onvimuvle u paciemuvie 0aHHble N0 MEMNEPamype U 61a20Co0epICAHUI0 603-
oyxa 00 u nociie ymuiuzamopa, menioeblM HOMoOKam U IKOHOMUU IHepSUY 3a TeMHULl Nepuoo Ha npume-
pe 2013 200a ons 2. Kuesa. Ilo pe3yribmamam onvlmHuixX UCC1e008aHUll NPUMeHeHUe MeMOPAHHO20 men-
JI00OMeHHUKA 6 JemHUull Nepuoo0 NO360JiAem YEeIudums YmMuiusupoeaHHulli Menio6ol NOmoK 3a cuem
ckpvimoti mennomel Ha 20% no cpasnenuio ¢ ymunusamopom moJbko A6HoU menaiomol. Pacuemnvie me-
Moobl N0 CpagHeHuIo ¢ paxmuueckum dpgexmom oaiom 6onvuiee 3HAUEHUE CHUNCEHUS NOompebdieHus
9HepeUuU 3a cuem yYMeHbUeHUs 81A20CO0EPHCAHUS 8 NPUMOUHOM 8030yXxe — Ha 78.5% (0as 00Ho20 OHA), 6
cpeonem 3a nemuuil ce3on —74.6% (c ucnonvzosanuem oannvix IWEC). Cpeonue ghakmuueckue xospghu-
yuenmul dpexmusnocmu 0na nemuezo pedxcuma cocmagisom 73.2% no sasuoii menaome, 63.8% no
ckpvimoti mennome u 71.0% no noanoi meniome.

Knrwouegvle cnosa: ymunuzayus menjiomol, YMuiuzayus 142U, CUcmembl IHepeodPhexmuerou 6enmuis-
yuu, MemMOoOpanHvlll Meni00oMeHHUK, Kodggduyuenmol 3¢ppexmusnocmu, 161HaAsL Menioma, CKpblmas men-
Joma.
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HEAT AND MASS TRANSFER PROCESSES IN AIR-TO-AIR MEMBRANE RECUPERATIVE HEAT
EXCHANGER IN SUMMER

The article describes experimental and calculated data on air temperature and moisture content before
and after heat exchanger, heat fluxes and energy savings during summer period of 2013 in Kiev. Accord-
ing to the results of experimental studies using a membrane exchanger in summer can increase the recov-
ered heat flux due to the latent heat up to 20 % as compared with sensible heat exchanger. Calculation
methods in comparison with the actual effect give more significant reduction of energy consumption due
to decreasing supply air moisture content — 78.5 % (for one day), the average for the summer season —
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74.6 % (using IWEC data). Average actual effectiveness ratios for summer period are 73.2 % for the sen-
sible heat, 63.8 % for latent heat and 71.0 % for total heat.
Keywords: heat recovery, moisture recovery, energy efficient ventilation, membrane heat exchanger, ef-

fectiveness, sensible heat, latent heat.

I. BBEJJIEHHUE

OpHUM U3 HampaBJCHUN NOBBIMIEHUS JHEp-
rodeKTUBHOCTH 3[JaHMN SBISETCS  yTHIU3ALUSI
SHEpPIUuHU, COAEpIKaIleiCcs B BBITSDKHOM BO3AyXe CH-
CTEMOIl BeHTWIALIUHY, T.€. UCIOJIb30BaHUE I HarpeBa
W YBJIQXXHEHHMS /OXJIAKACHHUS U OCYIICHHS MPUTOYHO-
ro BO3/yXa TEIUIOTHI/X0JIO0/a BBHITSHDKHOTO BO3/1yXa B
3UMHUH/IeTHHH Tieprof. J{oCTaTOYHO IIMPOKOE pac-
MPOCTPAaHEHHE MOJNYYWIN CHCTEMBl BEHTWIALMH C
TEIIOYTHJIN3aTOPaMU  PAa3NMYHbIX THUIOB. Ilpm He-
OoJIBIINX pacxo/ax BO3MyXa Yalle BCEro MPHUMEHSIOT-
Csl peKynepaTHBHBIC TEIUIOOOMEHHHKH C MEPEKpecT-
HBIM TEYCHHEM I[IOTOKOB BO3AyXa U OTCYTCTBHEM
YTWIN3allMKM BiIaru. braromaps HCIOIB30BaHUIO MO-
JUMEpHBIX MEMOpaH ¥ CHEeHUaIbHO 00pabOTaHHOMN
OyMard HEKOTOpPhIC TEIJIOOOMEHHUKH CIIOCOOHBI
OCYLIECTBIISITh TAK)XE M BIArooOMEH MEXIy BBITSIK-
HBIM U IPUTOYHBIM BO3AYyXOM. B neTHuit nepuon npu
COBMECTHOI paboTe KOHAMIMOHEpA M peKyneparopa
HAOJFOMaeTCsT TONOXKHUTENBHBIA 3((EeKT, BBIpakaro-
muiics B CHI)KEHHM pacxola 3HEPrHd, WAyIIeH Ha
MOJJIep )KaHUE B TOMEIIEHUH OoJiee HU3KOW TeMIepa-
TYpHl U BJIAroco/iepKaHus 110 OTHOIICHHIO K HapyX-
HBIM TIapaMeTpaM Bo3ayxa. B nureparype npuBeneHb
OTIBITHBIE JIaHHBIC MO 3KCIIEPHUMEHTAIBHBIM HCCIIE0-
BaHWsM [1, 2] U pacyeraM TEXHHKO-DKOHOMHYECCKHX
nmokazaresied [3-5] ayms XoJ0gHOrO mepuojaa roma B
Bocrounoii EBporie, mo3aToMy B JaHHOH cTaThe OyneT
paccMOTpeH JIETHUH PeXHUM paboThl CHCTEMBI BEHTH-
JSIMA ¢ MEeMOpPaHHBIM PEKyIEepPaTHBHBIM TEII000-
MEHHHUKOM.

Lenu u 3amaum WCClieIOBAHUS: TTPOBECTH 3KC-
MEpUMEHTAIBHOE HCCIICIOBAHUE CHCTEMbl BEHTUIIS-
muu Lossnay [6] B leTHEM pexuMe ¢ pacueToM Hep-
TEeTUUECKUX XapaKTepUCTHK padOTHI; PEe3yJbTaThl
HKCIEPUMEHTA CPABHUTH C PacyeTaMH MPH HCIOIb30-
BaHUM METCOJAHHBIX M IACIIOPTHBIX JaHHBIX YyCTa-
HOBKH;, NPOBECTH pacyeT SKOHOMHH JHEpPTUu (U ee
COCTABIISIONINX) 32 JICTHUH MEePHOA AJs (paKTHIECKUX
MmeTeonanubix 2013 roga ¥ ¢ HCIOIL30BAaHHEM JaH-
HBIX THmuMuHOro roxa International Weather for
Energy Calculation (IWEC) ans r. Kuesa.

II. TEOPETUYECKHUE CBEJEHUSA

TemnoBoit 0anaHC peKynepaTHBHOTO MEMOpaHHOTO
TEIJIOOOMEHHMKA JIs JIETHETO PEeXMMa MOXKHO 3aIH-
caTh B CIIEAYIOIIEM BUE:

Gl ) (hEA - hRA) = Gz '(hOA - hSA) = Qtotal » ()
Gl ’ Cpl ’ (tEA _tRA) = GZ ' Cp2 ’ (tOA _tSA) = Qsensible . (2)
Gl - (dRA - dEA) = Gz - '(dSA - dOA) = Qlatent . (3)

rae Qtotal ' Qsensible' Qlatent - TOJIHas, sABHAA U CKPbI-

Tast yTWIN3UPOBAHHAS TEIUIOTA;

Gl, Gz - MacCOBBIH PacxoJl BHITSHKHOTO U IPHUTOY-
HOTO BO3/yXa;

ten hRA, dRA - TeMIlepaTypa, SHTAIBIHIS U BJIaroco-
JiepaKaHue BO3yXa B IOMEIICHUH;

tEA] hEA, dEA - TeMIeparypa, SHTAJbIUS U BIAaroco-
JepkaHne BHIOPACHIBAGMOTO BO3yXa,

tea, hSA,dSA - TeMIleparypa, HTalblUsA U BIAroco-
JeprkaHHue IPUTOYHOTO BO3IYXa;

toar hOA, dOA - TeMIIeparypa, SHTAJIbIM U BIAaroco-
JeprkaHne Hapy>KHOTO BO3/yXa,

C sz - CpeaHAAd 1/1306apHa$1 TCIIJIOEMKOCTD BBITSXK-

pl:
HOTO M IPUTOYHOTO BO3/lyXa;
I[,I, - Terurora mapooOpa3oBaHUs NPU TEMIIEPAType

BBITSDKHOTO M IPUTOYHOTO BO3/yXa.
(RA — room air); (EA — exhaust air); (SA — supply
air); (OA — outdoor air)

[Ipu pabGote TenI00OMEHHHUKA Ha OXJIAKICHHE
HNPUTOYHOTO BO3/ayXa, At Kodhdunnenra 3phekTus-

HOCTH IO SIBHOHU Teriote 7], (TeMIIEpaTypHOro) cipa-
BEJUIMBBI clieayromiue GpopmyJsl [7, 8]:
ec G, -C,<G;-Cy

_ G, C,, - (ton —tsa) .100% :ﬂ-lOO%
G,-Cp (ton —tra) Ton ~tra “)
eclu G2 : sz > Gl “Cpt

t

g= oS L=l 1004
G1'Cp1 tOA_tRA )
AHAJOTMYHO MOXKHO 3aIMCaTh COOTHOLIEHUS
st koapunrenta >PQPEKTUBHOCTH MO  CKPBITOH

Temnote 7]y (Bmaroconepxanuio) [7, 8]:

ecuG, - 1,<G, -1,

. G, 1, (dos —dg) .100% = M-lOO% ©)
G, 1, (dgy —dga) dop — gy

ecunG, - 1,>G, -1,

ny = G, -1, -(dop —dsa) .100%
Gy -n-(dos —dga) )

OHTaNBIUHHBIA (TIONHBIA) KOIPPUIUEHT 3-

¢exrusnoctu 1y, [7, 8]:

ecn G, <G,
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m, = M .100% = M .100% ®)
G2 -(hOA - hRA) hOA - hRA
eciu Gz > Gl
7, = %-—OA P -100% )
Gl hOA - hRA

1. S5KCHEPUMEHTAJIbHASL YCTAHOBKA,
METOJUKA U3BMEPEHUU

DKcrepuMeHTalbHAs ycTaHOBKa (puCyHOK 1)
COCTOHUT M3 COOCTBEHHO MPUTOYHO-BBITSKHOM CHCTE-
mel Beatwisinun LGH 15 - RX4 (Mitsubishi Electric),
CHCTEMBI paclpeleNieHus] BO3XyXa (BO3XLyXOBOJIHI,
(UIBTPBI, aHEMOCTATHI, JKATIO3UIHBIC PEHICTKH, IIIH-
Oepsl) U TUIb3 IS U3MEPEHUS ITapaMeTpoB BO3yXa.
TeMnepaTypa N OTHOCUTECJIbHAA BJIAXKHOCTH H3MEPsI-
nacek Tepmorurpomerpom Hygrochron DS 1923 - F5 ¢

——————

~

BO3MOXKHOCTBIO HAKOIUIEHHS JIaHHBIX, PAacXOJbl BO3-
nyxa — TepMoaneMomerpoM testo 405. [l mpoBepku
TOYHOCTH H3MEPEHHs TEMIIepaTypbl W BIAXKHOCTH
JaHHBIE TPHOOPOB CPABHUBAIHMCH C IOKA3aTEIIIMU
Tepmorurpomerpa testo 605 u tepmomap. [Ipu 3TOM
MaKCUMaJIbHOE Pa3jIidde MO0 TeMIIepaType U OTHOCH-
TenbHOM BnaxkHoctH cocrasisier £0.5°C u £5% coot-
BETCTBEHHO (COBIIAACT C MACHOPTHBIMH JaHHBIMHU O
morpermHocTsIM  Tepmorurpomerpa  Hygrochron DS
1923 - F5). Beun MCMONB30BaHbl 8 TepMomap st
H3MEpEHNUs TEMIIEPATYphL: 10 1 CO CTOPOHBI BO3/yXa B
TIOMEIIEHUU ¥ HapY)KHOTO M 10 3 — CO CTOPOHBI NpH-
TOYHOTO M BBIOpAackIBaeMOro Bo3ayXa (mis ydera
HEpaBHOMEPHOCTH paclpelie/ieHusl TeMIeparyp IpHu
nepekpecTHOM Toke). [laHHBIE MO TeMIeparypam
NPUTOYHOTO M BBITSDKHOTO BO3IyXa ¢ MpuOopoB testo
605 otnmuanuchk oT gaHHBIX Tepmonap u DS 1923 Ha
BEJIMYMHY HarpeBa BO3IyXa B BEHTWIATOpax (He 0o-
nee 1.0°C).

Pucynok 1 — Koncmpyxmuenas cxema 3KCHepUMEeHMANbHOU YCMAHOBKU
1, 19 - anemocmamer ebimsdcHo20 u npumMouHo2o 8030yxa, 2, 8, 12, 17 - mouxu usmepenus memnepamypsi u
OMHOCUMENbHOU 61adCHOCMU ¢ nomowbio testo 605; 3, T — gunemp, 4, 6, 14, 15 - mouxu usmepenuss memnepa-
mypul u OomuocumenvHou siaxchocmu ¢ nomowwto DS 1923 - F5; 5 - pexynepamuenviit menniooomennux; 9, 10 -
arcamozutinvle pewemru, 11, 18 - usmepenue ckopocmu 6o3dyxa (testo 405); 13, 16 - evimsioicnou u npumounwiii
senmuasimopwi; 20 — npubop ons obpabomxu cuenanos mepmonap OBEH.

OKcnepuMeHTaIbHBIE UCCIIeI0BAHNS POBOJIU-
Juce B jaHeBHoe Bpemst urong 2013 roma, xorma
HapyXHas TeMIlepaTypa NpeBBIIAIA TEMIEPaTypy
BO3/lyXa B IOMEIICHUH. Bo3ayX B NMOMENIEHUH OXJa-
KIAJICSI U OCYILIAJICS C TIOMOIIbI0 KOHAMIIHOHepa. [1iist
onHoro u3 aHew (10 wromns) TeMIiepaTypsl IPUTOIHOTO
M BBITSDKHOTO BO3JyXa JI0 W IIOCNIE peKyreparopa
n300pakeHbl Ha pUcyHKe 2. Pacxosl Bo3ayxa B MpH-
TOYHOM U BBITSDKHOM KaHamax cocTaBsuin 92 u
87 m*/uac coorsercTBeHHO. CpenHuii (akTuaecKuil
TemrepaTypHblii koaddunment 3¢dexTHBHOCTH IS
9TOrO IHA C YYETOM COOTHOLICHHS pacxomoB (4-5)
cocrasiser 73.2 %.

Jns cpaBHeHMs! OBUIM NTPOBEJNICHBI TEOPETHYE-
CKHE pacyeTsl, 3aaaBasich Kod(duiuenTamu >¢dek-
TUBHOCTM  COIJIACHO  J@HHBIM  MPOU3BOJMTEIIS

(1, =81.6%,7, =75.5% ams pacxoma 90 m%uac) [6]

U MOTOJAHBIM JaHHBIM 1o T. KueBy mis Toro sxe aHs
[9-11]. Temmeparypa W BIAXHOCTh B IIOMEIIECHHH
3aJaBaINCh TOCTOSHHBIMHA U PAaBHBIMH CPEIHUM 3Ha-
YEeHUSIM U3 pe3ynbTaToB skcnepumenta (24°C u 45%
COOTBETCTBEHHO). BO BHMMaHME NPHHUMAaINCh MO-
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rOJHbIC JIaHHBIC 32 JTHEBHOE BPEMs CYTOK, TaKk KakK B
HOYHOE BpeMs TeMIepaTypa HapyKHOrO BO3IyXa
OIYCKaeTCsl HIDKE TEMIepaTypbl B MOMELICHHH |
yCTaHOBKAa aBTOMAaTHYECKU MEPEKIIIOUACTCS Ha PEXKAM
«freecooling» ¢ HemocpencTBeHHO# TomaUeH HApPYX-
HOTO BO3JyXa. PacuerHble JaHHbBIE 1O TEeMIIEpaTypam
MIPUBEJICHbI HA PUCYHKE 3.

[Ipu cpaBHeHNHU pHCYHKa 2 M PHCYHKa 3 OTMe-
THM, YTO TeMIlepaTypa Hapy»KHOTO BO3JyXa MpH MPo-
BE/ICHHH OIBITOB ObLIA BBIIIE, YEM [0 METEOPOJIOTH-
YECKUM JaHHBIM (3TO OOYCIIOBJICHO pacIojoXeHHEM
71a00PaTOPHH C COTHEYHOH CTOPOHBI 3/1aHUS).

Hns onpenenenus xoddduipenta 3¢phexTns-
HOCTH TIO CKPBITO# TEIIOTe ObLIM PAaCCUUTAHBI BJIAro-
COJIepIKaHMUs MPUTOYHOTO U BHITSHKHOTO BO3/yXa 10 U
TocIIe TEeIUIOYTHIIN3aTOpa. DKCIIepUMEHTAlIbHbIE JaH-
HBIC T10 BJIATOCOJEPXKAHUSIM NPHUBEICHBI Ha puc. 4.
[lpy n1aHHOM TEIJIOBIAXKHOCTHOM DPEXHME HPHUTOY-
HBII OoJiee BIaXKHBIH BO3/yX OCYIIAETCs 3a cueT 0o-
Jee CyXoro BBITSDKHOTO Bo3ayxa. CpenHuil ¢axrnue-
ckuii K03 PuIeHT 3PPEKTUBHOCTH IO CKPHITON
temote (6-7) cocraBisieT 63.8%.
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Pucynok 4 — Dxcnepumenmanvhvie OaHHblE HO 81A20CO0EPHCAHUIO

[Ipu ananu3e pacyeTHBIX JAAHHBIX 110 BJIAroco-
JepKaHUIO (PUCYHOK 5) CYIIECTBYET 3HAYMTEJILHOE
pa3nuuue BO BJIArocOAEp)KaHWHM HapyXHOTO BO3IyXa
110 METEOPOJIOTUYECKUM M IKCIEPUMEHTAILHBIM JlaH-
HeIM (10.6 mpotuB 8.6 T/Kr). DTO MOXHO OOBSICHHUTH
pa3sHBIMH METEOPOJIOTHYECKUMH YCJIOBHSIMH B pas-
JMYHBIX pallOHAaX Merarojunca.

CoryacHO OMBITHBIM JIaHHBIM CPEIHUN JH-
TanbpMuiHbI KO3 duunent sddexrusrocta (8-9)
cocrasisger 71.0%. ITo ¢popmynam (1-3) O6bu1 paccun-
TaH MOJHBIM YTHIM3UPOBAHHBIA TEIUIOBOM MOTOK W
€ro COCTaBIISIOIIME: SIBHASI U CKPBITas TeIuloTa (pucy-
HOK 6). CkpeItas Termiora cocraBisieT 20% OT mos-
HOW, YTO TIO3BOJIIET TOJY4YaTh JOMOJHHUTEIBHYIO
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9KOHOMHIO Ha OCYILIEHHE BO3/1yXa B KOHIMIHOHEPE U
YMEHbIICHUE KOJIMYECTBA MTOTPEOIIIEMOI UM SHEPTHUH.

PacuerHble [naHHBIE 10  YTHIM3UPOBAHHBIM
TEIUIOBBIM TOTOKaM (PHCYHOK 7) B 3HAYHTEIHEHON
CTENCHH OTJIMYAIOTCS OT DKCIEPHMEHTAIBHBIX, YTO
oOycioBieHo pasHuield B Koddduimentax sddex-
THBHOCTH M IIPHHIMaeMOH TeMIepaType U BIaXXHOCTH
HapyXHOTO Bo3ayxa (0oiee HHM3KHHA ypOBEHBb TEMIIE-
patyp u Goiiee BBICOKHH YpPOBEHb BIArocoJep:KaHUs

Hapy>XHOTO BO3/yXa MO METEOJaHHBIM B CPaBHEHHH C
9KCTIepUMEHTOM). [Ipr 3TOM CKpBITast TEIUIOTa B 3TOM
ciryqae cocraBisieT 78.5% OT MOMHOH, 4TO B 3HAYH-
TEJILHON CTENEHH TPEBBIMIACT IOJI0 B 3KCIEPHMEH-
TaJIbHBIX UCCIENOBaHMAX. B nmuteparype, npu pacuere
3aTpAayeHHON $BHOM M CKpBITOM TEIJIOTHI Ha OXJja-
KIICHHAE ¥ OCYIICHHE BO3AyXa OIS CKPHITOH TETIIIOTHI
st . Kuea mo tunuanomy roxy IWEC cocrasnsier
89% [12].
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Po3zgin 2. EHepreTuka Ta eHepro3tepexeHHs

it 000OIIEHHOTO aHaJW3a COCTABJISIOLIIX
SKOHOMUHM JHEPTUU Ha OXJIAKICHUEC U OCYIICHHUE BO3-
Iyxa OBUTH TPOAHANIM3WPOBAaHBI ITaHHBIC 3a JIETHHU
nepuon 2013 roma w WX CpaBHEHHE C THUITHYHBIMH
mereogandpiMu IWEC s r. Kuesa [13]. Yacossie
MeTeomaHHble 3a JeTHui mepuox 2013 roma B 0cHOB-
HOM OBIIH TONydeHHI U3 [9], mpu mpobenax B JaHHBIX
oun momonasutich w3 [10-11]. Ha pucynkax 8 u 9
MOKa3aHbl OTJIIMYHUS B YUCIIaX YaCOB CTOSHHUS TEMIIe-
patypsl u BiarocoiepxaHus st aeta 2013 u tunuy-
HOTO T'0JIOB. B MHTepecyroeM Hac Auana3oHe TeMIie-
paryp (6ombmie 24°C) 4ncio 9acoB CTOSHUS IS TH-
MMAYHOTO TOJIa HECKOJbKO MeHblne, yeM s 2013
rojaa.

Yucno 4acoB CTOSHHS BJIATOCOJCPIKAHUS IS
TUIIMYHOTO TO/1a IMeeT OoJiee IUTaBHEIA XapakTep (ITo
B TpUHIMIIE XapakTepHo), yeM mit 2013 roma. He
YYUTHIBAS MPUBSI3KH K TEMIIEpaTypaM TSHKEIO CYIUTh

O COOTHOIIECHHWHU SIBHOTO M CKPBITOTO YTHJIM3UPOBAH-
HOTO TEIUIOBOTO MOTOKA Ul 3TUX NaHHBIX. [loaTomy
esrecoodpa3Ho Il pacyeTa SKOHOMHUH SHEPTHH JTHO0
HCIIONB30BaTh HEMOCPEICTBEHHO [OYACOBBIC TaHHBIC
[0 TeMIIepaType W BIAXHOCTH, JHOO YHCIO YacoB
CTOSHHMS KOMOWHAIIMM TEMIIEPaTypbl M BIaXXHOCTH
(pucynox 10).

Ilpn ananmuse SBHOTO, CKPBITOTO M IOJHOTO
YTUIN3UPOBAHHOTO TEIJIOBOT'O MOTOKA B 3aBUCHMOCTH
OT TeMIIepaTypsl W BIAXXHOCTH HAapY)KHOT'O BO3/yXa
OOHapy)X€HO TakKHWe pPEeXKHMBI pPadOTHl YCTAaHOBKH,
KOIJla BJArocojepikaHue BO3AyXa Ha YJIMIE CTaHo-
BUTCSI MEHBIIIE, YeM B MOMEIIEHUHU, U CKPBITBIH yTH-
JIM3UPOBAHHBIA TEIUIOBOH MOTOK MMEET OTPHLATENb-
HBIA 3Hak. [IpW 3TOM, KOrJa BEJMYHMHA CKPBITOrO
YTHIIU3HPOBAHHOTO TEIUIOBOI'O MOTOKA MPEBBILIACT IO
BEJINYMHE SBHBIH, ITOJHBINA ITOTOK MO 3HTANBIHMHU CTa-
HOBUTCSI OTPULIATEIBHBIM.
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CJIO YacoOB CTOosgHU A, 9ac

Pucynok 10 — Yucno wacos cmosinust KOMOuHayuu
memnepamyp u OMHOCUMENbHOU GIANCHOCTHU
ons 2. Kuesa ¢ ucnonvsosanuem IWEC

B Tabmune 1 mpuBeneHB! TeMIEpaTypel U OT-
HOCHTEJIbHBIE BIAKHOCTH HApY>KHOTO BO3AyXa, HpPH
JOCTHKEHHH KOTOPBIX IOJHBIA TEIUIOBOM HMOTOK Me-
HSET CBOM 3HAaK W CTAHOBHUTCS HYJIEBBIM (ISl Tapa-
METpPOB Bo3ayxa B momenieHunu 24°C u 45%).

Tadauna 1 — Kputnueckas KoMOHHAILIUS TeMIepaTy-

PBI M BI2YKHOCTH Hapy>KHOTO BO3JIyXa
OtHOcuTeIbHAS
Temneparypa, °C BJIAXKHOCTH, %

24 45

25 40.3
26 36.1
27 32.3
28 28.7
29 25.5
30 22.6
31 19.9
32 175
33 15.3

CpaBuenue o6mien (Wiota)) S)KOHOMHUH SHEPTHUH,
B ToM umcie Ha oxynaxaeHue (Wsens) U yBIaKHEHUE
(Wiatent), 3a 2013r. u Tunmunsiii rox IWEC npusenens
B TaOiI. 2. 3a cYET OTIINYUS B METEOJAHHBIX BEIHYHHA
W J0Js SKOHOMHUH JHEPTUU Ha OXJXKICHHE UIsl TH-
IMHYHOrO T'OJla 3HAYMTENbHO HIDKe, yeM mig 2013 r, a
Ha OCYILIEHUE — BBIILIE.

Tabanua 2 — DKOHOMUS SHEPTUH 32 JISTHUH NIepHOJ

Merteomanusie | ero 2013 roma |  meto IWEC
Emrmmer kBtyac | % | kBruac | %
HU3MEPEHUS

Wiens 33.8 38.4 19.6 25.4
Wlatent 54.2 61.6 57.6 74.6
Wiotal 88.0 100 77.2 100

30

BbIBO/IbI

B pesynpraTe MpOBEACHHBIX OMBITOB CPEIHHE
K03 GureHTH 3P ()EKTUBHOCTH IS IETHETO peXKUMa
coctaBisitor 73.2% mo sgBHOUM Temore, 63.8% 1o
ckpeIToit TeroTe u 71.0% 1o monHO# Terutore. Jloms
CKPBITOTO TEIUIOBOTO IIOTOKa B OOIIEM COCTaBISET
20%. Ilo pe3ynpTaTam aHAJOTHYHOTO PacdeTa C MpH-
MEHCHHME METEOJIaHHBIX JIJIsl TOTO YK€ JIHS roJla U Tac-
MOPTHBIX K03 duiueHToB 3P PekTuBHOCTH 3TA IO
cocraBisieT 78.7%. Ilpu 3TOM pasHmIia 00yCIIOBIICHA
ommuneM Kod(duimeHToB 3(GEeKTUBHOCTH U Mapa-
METpPOB HapyXHOro Bo3ayxa. [lns pacdera oOrmieit
SKOHOMHH DHEPTUH Ha OXJIAXKACHHE U OCYLICHUE BO3-
Iyxa OBUTH MCIOJB30BaHBI MeTeoaHHble 3a 2013 1. 1
tunmyebil ron IWEC mma r. Kwuesa. Ilpm stom
HaOIIOMaeTCs 3HAYUTENFHOE OTIMYUE KOHOMHHU SIB-
HOHM SHEpPrUHM M HE3HAUUTENBHOE — CKPBITOM. Takum
00pa3oM, SKCHEPUMEHTAIEHO W C HCIOJIH30BAHUEM
METEOAAHHBIX TUITUYHOTO TOAA MPOBEACHO COMOCTAB-
JICHUE OIpeeNieHHsI U MOKa3aHbl BO3MOXKHOCTH YTH-
JIU3AIMH TEIJIOTH B CHCTEMaX BEHTWIALUH IS YCIIO-
Buil neTHero nepuoja r. Kuesa. Ilpu pasrpanuueHuu
PEKUMOB PabOThI TEIIOYTUIIM3ATOPOB MOXKET YIHUTHI-
BaThCs KPHUTHUYECKAs KOMOWHAIUS TEMIIEPaTyphl |
BIIAXKHOCTH HAPYKHOTO BO3IyXa.
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okupaemosti  plastinchatogo i rotornogo teplo-

HEAT AND MASS TRANSFER PROCESSES IN AIR-TO-AIR MEMBRANE RECUPERATIVE HEAT
EXCHANGER IN SUMMER

The article describes experimental and calculated data on air temperature and moisture content before and after
heat exchanger, heat fluxes and energy savings during summer period of 2013 in Kiev. According to the results
of experimental studies using a membrane exchanger in summer can increase the recovered heat flux due to the
latent heat up to 20 % as compared with sensible heat exchanger. Calculation methods in comparison with the
actual effect give more significant reduction of energy consumption due to decreasing supply air moisture con-
tent — 78.5 % (for one day), the average for the summer season — 74.6 % (using IWEC data). Average actual
effectiveness ratios for summer period are 73.2 % for the sensible heat, 63.8 % for latent heat and 71.0 % for
total heat.

Keywords: heat recovery, moisture recovery, energy efficient ventilation, membrane heat exchanger, effective-
ness, sensible heat, latent heat.
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