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AHHOTAULMUA

BBeaeHue. [MaBHbIM NOTpebrTenem anekTposHeprum B aAMUHUCTPATUBHO-TOPrOBbIX 34aHUSX ABMNAETCS CUCTEMA KOHANLIN-
OHMpoBaHusi Bo3ayxa. [MoTpebHOCTb B X0noAe B TaKoro pofa 3AaHusaX BO3HWKAET B TeYeHWe BCero roga BBUAY BbICOKUX
3HaYeHU TennonocTynneHui ot nogei, obopyaoBaHNsa (KOMMbIOTEPbI, OPITEXHUKA, KacCoBOe 06opyAoBaHUE), CONTHEYHOW
pagvauum (bonbLuast YacTb TakUX 3AAHWI UMEET HapyXXHble orpaxaatoLLye KOHCTPYKLMN B Ka4eCTBe CNIOLLHOMO OCTeKMeH-
Horo chacaja), ICTOYHMKOB CKYCCTBEHHOTO OCBELLIeHUS. B knaccuyeckor cxeme oxnaxaeHnst HaxoaaTcst KOMMNPEeCccop 1 KOH-
[AeHcaTopHble arperaTbl. BaxHenLwmm warom K onTMmMmn3aLumm n ManosatpaTHol B BUAeE 3HEPruy CUCTEME OXNaXKAeHUs cTan
oTKa3 OT KoMMpeccopa, KOHAEeHCaTOPHbIX arperaTtos, MOMUMO 3TOTO, B CUCTEME NMPUMEHWIN XONOA HapyXHOro Bo3ayxa.
Takas cxema oxnaxaeHus HasblBaeTcst cucteMa csobogHoro oxnaxaexus. Knumatunyeckue ocobeHHocTv Poccum nossonsi-
0T MacWTabHO NPUMEHSATb TEXHOSMOTMIO OXMaXAEeHNs eCTECTBEHHBIM XonofoM. OaHako B nepBoHaYanbHOM NpubnmkeHum
NPUHATO peLleHne pacCMOTPETb He ceBepHble parioHbl PP, a LieHTpanbHbIN ¢ nokanusauuen B r. Mockse.

MaTepuansl u meToabl. 3agaya pellaeTcst pacyeTHbIM NyTeM Ha npumMepe 35-3TaxHOro agMUHUCTPaTUBHO-O0UCHOTO
3gaHus B . Mockse. PaccmaTprBatoTcs pasfnnyHble BapyaHTbl TemnepaTypbl Hapy>KHOro Bo3ayxa Anst nepexofa Ha csoboa-
Hoe oxnaxpaeHve. CpaBHMBAIOTCS pasnnyHble BapuaHTbl yCTaHOBKM CyXUX OXNaauTenen, Y4To, B CBOKO ovepenb, BNUSeT Ha
ANUHY TPaCCUPOBKYM XONOANIbHBIX KOHTYPOB. [1ns BCcex paccmaTprBaeMblX BapyaHTOB NPOBOAMTCS pacyeT rogoBov notped-
HOCTM B XOrofe.

Pe3ynkTaThbl. HekoTopble pe3ynsraThl NpeAcTaBneHsl B Buae Tabnuu rogoBoro aHepronotpebneHns pasnuyHbIM1 BapuaH-
TaMu CUCTEMbI OXNaXAEeHNs BO3ayxa.

BbiBoAbI. YCTaHOBNEHO, YTO paCcnoNOXeHNe Cyxux oxnaanTenei CUIbHO BNUSET Ha noTpebneHne anekTpoaHeprum cucte-
Mbl XonogocHabxeHus. V13 oLeHku anekTponoTpebneHns cuctemamy OXnaxaeHys NnonyyeHo, YTo Nepexo Ha MallnHHoe
oxnaxpaeHve npu bonee BbICOKOW HapyxHoW Temnepatype +8 °C aHepreTuyecku bonee BbIrogeH, YeMm nepexoq npu +5
no-°C.

KITKOYEBDIE CITOBA: cBo604HOE OXNaXaeHne, KOHAMLMOHMPOBaHNE BO3lyXa, MALUMHHOE OXIaXaeHue, rofA0Boe 3HEepro-
notpebneHune, aHepreTuyeckas oLeHka
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ABSTRACT

Introduction. The air conditioning system is the main consumer of electricity inside office and shopping buildings. The coo-
ling needs arise inside such buildings all over the year due to high amounts of heat emitted by people and equipment (com-
puters, office equipment, cash registers), solar radiation (the envelopes of the majority of these buildings have continuous
glazed facades) and sources of artificial lighting. A conventional cooling system has a compressor and condensers. The most
important step towards an optimized and low-energy cooling system is the abandonment of compressor and condensers; in
addition, the cold extracted from the outdoor air, is used in the system. This cooling technique is called an atmospheric co-
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oling system. The climatic features of Russia allow for a large-scale application of the cooling technology that uses natural
cold. However, for a start, a decision was made to focus on a central region of the Russian Federation, namely, Moscow,
rather than any northern areas of the country.

Materials and methods. The problem is solved by the calculation method applied to the case of a 35-storey office building
in Moscow. Various outdoor temperature options were considered as the bases for a transition to an atmospheric cooling
system. The co-authors also compare different installation options for dry coolers, which in turn affect the routing length
of refrigeration circuits. The annual demand for cold is calculated for all analyzed options.

Results. Some results are presented in the form of tables of annual energy consumption by different types of air cooling
systems.

Conclusions. The co-authors have found that the location of dry coolers strongly affects the power consumption by a cooling
system. Power consumption by cooling systems was analyzed, and it was found out that transition to machine refrigeration
at the higher outdoor temperature of +8 °C is more efficient from the standpoint of energy efficiency than the same transition
at+5and 0 °C.

KEYWORDS: atmospheric cooling, air conditioning, machine cooling, annual energy consumption, energy efficiency assess-
ment
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BBEJAEHUE

['maBHBIN TOTPEOUTEITH ITEKTPOIHEPTUH B OPHUCHBIX
3IaHUAX — CHCTEMa KOHIUIIMOHHPOBAHUS BO3AyXa
[1-4]. B kiaccuueckoi cxeme OXJIaxkAeHUs HaXOASITCs
KOMIIPECCOp U KOHJIEHCATOPHBIE arperarsl. Baxkuemm
1IaroM K ONITUMH3aLMHU U MAJI03aTPaTHOM B BUJIE DHEPTUU
CHUCTEME OXJIAKIEHHUS CTaJH OTKa3 OT KOMIIpeccopa,
KOHJICHCATOPHBIX arperaToB, IOMHUMO ATOTO, B CUCTEME
MIPUMEHUIH XOJIO Hapy>KHOro Bo3nyxa [5—8]. Takas
cXeMa OXJIKICHHS Ha3bIBACTCS CHCTEMa CBOOOIHOTO
oxiaxaenus. Kiimvarnueckue ocodennoctu Poccun mo-
3BOJISIFOT MAacCIITa0HO MPUMEHATH TEXHOJIOTHIO OXJIaX-
JIEHUST €CTECTBEHHBIM X0JI00M [9—12].

HHTepecHbIM sBISIETCS BOIPOC BBISBIECHUS SHEP-
TeTHYECKH BBITOTHOW TEMIIEPATypHI IIEpexo/ia Ha CBO-
001HOE OXJIAXKECHUE OT MAIIMHHOTO B 3aBUCUMOCTH
OT BApHAHTOB PACIIOIOKEHHUS OCHOBHOTO OXJIa)KIaeMO-
r0o 000pyIOBaHHUS.

MATEPHAJIBI U METO/JbI

Ilenp HacToOsLIEH CTaTbU — MPOBEACHUE OLCHKU
CHCTeMbI KOHAMIIMOHUPOBAHUS BO3yXa, B COCTAB KOTO-
POil BXOAUT KOHTYP CBOOOHOTO OXJIaK/ACHHMS, Ha IIeJIe-
c000pa3HOCTh U 3(P(HEKTUBHOCTH UCTIONIB30BaHHS TAKOU
CHCTEMBI; M BBIOOP HanOosiee BBITOTHOTO BapHAHTa Iepe-
X0/1a OT CBOOOIHOTO OXJAKIACHUS K MAITUHHOMY MPH
Pa3HBIX TeMIlepaTypax HapyKHOTO BO3JyXa. 3ajaqu
JAHHOH pa0OTHl — CPABHEHNE SHEPTETUIECKUX MOKa3a-
TeJel CUCTEM OXJIAXKACHHS C IIEPEXOZ0M OT CBOOOTHOTO
K MaIlTMHHOMY OXJIQKJICHHUIO TTPH Pa3HBIX TEMIIEpaTypax
HapY>KHOT'O BO3yXa, IPU KOTOPOM BO3MOKHO ITIPUMEHE-
HHUE CBOOOHOTO OXJIAXKACHHS BOJIBI ISl CHCTEM KOH/TH-
LIMOHUPOBAHNUS BO3/yXa 31aHUH O(HCHOTO HAa3HAYCHHUS
Ha OCHOBE MHOTOBapHaHTHBIX pacyeToB. Tak kak 0ObId-
HO 9HEPro3aTpaThl Ha CBOOOIHOE OXJIaXKACHHUE MTPUHH-
MaroT paBHBIMH HyIO [ 13-20], TO BaskHO OBLITO OTIpee-
JUTH DHEPTreTHUYECKUE 3aTpaThl Ha CBOOOJHOE
OXJIAXKJICHHE, a TAKXKE er0 YPPEKTHBHOCTD.

PE3YJBTATHBI HCCJIEJOBAHUSA

B nmpoekre peanmzoBaHa cucTema ¢ IBYMSI BHYT-
PCHHUMH KOHTYpPaMH XOJIOOCHA0KEHUS U OJJHUM Ha-
PYKHBIM KOHTYPOM OXJIX/ICHUS] C HHTEIPUPOBAHHOM
CHCTEMOM 3UMHEro X0J10/1a (CBOOOHOE OXJIAXKICHHE)
1 BO3MOXXHOCTBIO MOCIIEA0BATEILHOTO OXJIAXKACHHS XO-
JIOZIOHOCHUTEIIS B TEINIO0OMEHHNKAaX CBOOOIHOTO OXJIakK-
JICHUSI U HCIIAPHUTEIISIX XOJOIMIBHBIX MAIIUH.

[TpunsiTas cxema X0J040CHA0KEHHUS TTO3BOJISIET
MIPUMEHSTH PEXHUM ITOJTHOTO CBOOOIHOTO OXJIAXKICHHUS
B LIEJIAX CHWKCHUS 3aTpaT JIEKTPOIHEPTUN B 3UMHHUN
MIepUOJI TO/IA.

KoMIOHEHTHI KOHTYpa X0JI0JJ0CHA0XKEHUS: XOJI0-
JWIIbHBIE MAIIMHbI, BEHTHIISITOPHBIE JTOBOTYNKH. XOJI0-
JOHOCHUTENb KOHTYPa XOJI0J0CHA0KEHNSI — BOJIa C Ta-
pametpamu st Bapuanta 1 — 6/14 °C, myis Bapuanra 2
n 3 — 14/19 °C. KoMIOHEHTHI KOHTYpa OXJIAXKCHHUS:
CyXHe OXJIaJUTENN, XOJIOAUIbHBIC MAIIMHBL. TerIoH0-
CHUTEJIb KOHTYPa OXJIaKACHHUSI — BOIHBIN PacTBOP 3TH-
nerrukons 40 % ¢ mapaMeTpaMu Ui IETHETO peKuMa
40/47 °C, nns 3MMHEro pexuma Juis BapuaHTta 1 —
4/12 °C, mns Bapuanta 2 u 3 — 12/17 °C.

BHyTpeHHHI KOHTYp X0JI0JJ0CHA0KEHHUS TOTPeOu-
Telel pa3jiesnieH Ha JIBe YaCTH — KOHTYP XOJIOIUIIbHBIX
MalluH (MepBUYHBIA KOHTYP) M KOHTYp roTpeOuTesen
(BropruHBIi KOHTYp). KOHTYpBI X0N1010CHAOKEHHS pa3-
JIeTIEHbI IMHUEH THAPABINYECKOTO PA3IEITUTENS ¢ OaKOM-
AKKyMYJISITOPOM. B crcTeme ucnonb3yroTest XoIoauIb-
HbIE MallIMHbI Ha 6a3¢ BUHTOBBIX KOMIIPECCOPOB ((hupma
Climaveneta) ¢ BOZOOXJIaX/1aeMbIMH KOH/IEHCATOPAMH,
cyxue oxnagutenu (pupma ThermoKey), HacocHbIe
craniuu (npoussoauresis Grundfos), mpoMexyTOUHbINA
Ter1000MeHHUK (pou3BoauTeib Kelvion MammMmakce)
1 3amopHas apmarypa (¢pupma Danfoss).

[TupKysstust BOJBI B IEPBHYHOM KOHTYPE X0JIOHOC-
Ha0)KEHUS TPOU3BOAUTCS HACOCHOM TpyInoit. Pacxon
BOJIbI B [IEPBUYHOM KOHTYPE X0JIOI0CHAOKEH S — I1epe-
MeHHBIH. [IperycMoTpeHHbIe B IPOEKTE XOJIOANIbHBIC
MaIIMHBI IOy CKal0T N3MEHEHHNE PAcX0/ia Ha HCIIapHTe-
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JIe CO CKOPOCThIO He Ooriee 8 %/MuH. MHUHUMAITBLHO J10-
NYCTUMBIN pacxoj coctasiser 10 i/c, MakcuMaabHO
npomyctumbiii — 20 Ji/c.

Hupkynsaius BOAs BO BTOPUYHOM KOHTYpE OCYy-
LIECTBIISIETCS] HACOCHOU TpyIoil. Pacxon Boabl Bo BTO-
PUYIHOM KOHTYpE OIpEICNIeTCs MMOKa3aHHEeM JTaTIhKa
i depeHIraTbHOTO TaBICHHS, KOTOPOE MEHSICTCS B 3a-
BHCHUMOCTH OT IOJIOXKEHUS PErYJINPYIOIINX KIIalaHOB
norpebuTeneit. Bce moTpeOuTenu ocHaIeHb! 2-X00BbI-
MU PEryaupyIONIMH KIamaHaMH.

Hupkynsamus pacTBOpa STUICHIJIMKOIS B KOHTYpE
OXJIQK/ICHHS TIPOBOIUTCS HacocaMu. Pacxoz BoabI B KOH-
Type OXJTaXKICHUS H3MCHSCTCSI CTYIIEHYATO B 3aBUCHMO-
CTH OT PEXKHMa pabOTHI CHCTEMBI.

Pexumbl pabOThI CHCTEMBI KOHTUITUOHUPOBAHUS
BO3IyXa!

* JeTHUN — paboTarOT XOJOAMJIbHBIC MAITHHBI.
[IpoTOK X0TOIOHOCHUTES Yepe3 TeIUIO0OMEHHBIE arlma-
paTbl CBOOOIHOTO OXJIAXKICHHS TepeKphIT. IIpoToK Te-
IUIOHOCHUTENIS KOHTYpa OXJIaKACHUS Yepe3 TeII000MEeH-
HBIC aIapaThl CBOOOTHOTO OXJIAKICHHS TICPEKPHIT;

* 3UMHHH — pabOTAIOT CyXUe OXJIAJUTEIN U Te-
II00OMEHHBIE aIaparbl CBOOOIHOTO oxJiaxkieHust. [1po-
TOK XOJIOZIOHOCHTEJIS ¥ TeTNIOHOCUTEIIS Yepe3 XOTOTUITb-
HBIE MAITUHBI TIEPEKPHIT.

OducHbIC TOMENICHHS XapaKTePU3YIOTCS 3HAUN-
TEJNBHBIMH TETUTOTIOCTYTUICHISIMA B XO/I€ pab09ero JTHsl.
JIJist yCTaHOBJICHUST HATPY3KH HA CHCTEMY OXJIAXKICHHS
BO3JlyXa MPOBOJMJICS PACUeT HECTAMOHAPHOTO TEILIO-
BOI'0 p€KHMa B TCUCHUE MPEACTABUTCIILHBIX CYTOK B KaXK-
JIOM CE30HE rofia.

B 3marnn y9uTHIBAIHCH TETUIOIOCTYTIICHUS OT JIFO-
JIeH, ICKYCCTBEHHOTO OCBEIICHHS, KOMITBIOTEPHOH TeX-
HUKH, COTHCUYHOHN paJIHaIii.

PaccmarpuBaroTcst BApHaHTHI C PACIIOIOKCHUEM
JpaiikyepoB Ha Kposiie 3nanus (Tadi. 1) (Bapuanr 1 a,
b, ¢) u okoJ10 31aHus (BapuauT 2 a, b, ¢).

AHanm3upyeTcs BapHaHT MaKCUMAaJbHOM pacder-
HOM TemIiepaTypsl HapyKHOTO Bo3myxa 26 °C.

W3 mpoMexXyTOIHOTO TEIJI00OMEHHHKA BEIXOISAT
JIBA KOHTypa CUCTeMBI. [IepBbIii KOHTYp 3aIlOTHEH BO-
NOW — MPUHSATH 3HAYCHUS TEMIICPATypPhl BOJBI
6—14 °C nns Gosee paHHETo Mepexoja Ha MAIIMHHOE
oxnaxaenus (npu 0 °C, BapuanTsl 1 a u 2 a), Taxoke 11

Taoa. 1. XapakTepucTuka paccMaTpUBaeMbIX BapUAaHTOB

BapuaHToB 1 b, 1 ¢, 2 b u 2 ¢ npuHATHI 3HAYCHUS 14—
19 °C, mns Gonee MO3AHETO MEepexoa Ha MAIIMHHOE
oxnaxaenue npu temreparype 5 u 8 °C. O0b14HO U151
CHUCTEM KOHJIUIMOHUPOBAHMS BO3JlyXa MIPUHUMAETCS
TeMIleparypa oxjaxaeHHo! Bonbel 7 °C U OTEIUIeHHOM
Boab! 12 °C. Ho mpu faHHOM AMana3oHe TeMIeparyp
MAaIlIMHHOE OXJIAYKAEHHE MOKET OCYIIECTBIISTHCS BIIOThH
JI0 TeMIIepaTypsl HApyKHOTO Bo3ayxa, paBHoi 0 °C.
[Tpuuem BayKHO, UTO IPUHSTAS TEMIIEpaTypa BOJIbI HE I1e-
pecyIIMBaeT BO3LyX B IOMEIICHUSX, T.€. HE yBEJINUHBa-
eT XOJIOMWIBHYIO HAaTPy3Ky Ha (paHKOII, XOTh U Tpedy-
eTcsl IPUMEHEHNE HEMHOTO OOJIBIIET0 pa3Mepa JaHHOTO
BEHTHJIATOPHOTO KOHBEKTOpa. MakCHMaibHYIO X0JI0/10-
MIPOU3BOUTENBEHOCTD B PEXKUME CBOOOTHOTO OXJIaXk/Ie-
HUSI OTIpeziessieT paboyasi TOBEPXHOCTb MPOMEKYTOUHO-
O TEIJIO0OOMEHHHUKA.

BTopoii KOHTYp OTHOCHUTCS K KOHJEHCATOPYy U CH-
cTeMe CBOOOTHOTO OXJIaXK/ICHHS. DTOT KOHTYP 3al0JIHEH
40%-HBIM 3THJICHIJIUKOJIEM, KOTOPBIH MPH Pa3HOil TeM-
neparype Hapy>KHOTO BO3/lyXa HMEET pa3Hylo TeMIlepa-
Typy. [Ipn 3asiBIEHHOM JMana3oHe TeMIIEPaTypbl BOJBI
B KOHTYpE MEXTy TEIJIOOOMEHHHUKOM U CYXOii rpaiupHen
cHCTEMa CBOOOIHOTO OXJIAXKCHHUS JOJDKHA OXJIaXaTh
He3aMep3aroUly0 *KUIKOCTb 10 Temmneparypsl 8 °C u Ha-
rpeBaTrbcsi B MPOMEXYTOYHOM TEIJIOOOMEHHHUKE
no 17 °C (nns BapuantoB 1 b, ¢, 2 b u c). bnarogaps
MIPOLIEHTHOMY COJIEP’KaHMIO STHIICHIJIMKOIS paboTa cu-
CTEMBI B XOJIOHOE BPEeMs ro/ia BO3ZMOKHA BIUIOTH /10 TEM-
meparypsl HapykHOTO Bo3nyxa —28 °C. Ilpu Temmepa-
Typax HapyXHoOTo Bo3nyxa Humxke —28 °C pabora
CHCTEMBI HEBO3MOXHA, TaK KaK STUJICHIINKOIEBBIH pac-
TBOP CTAHOBHTCSI 00JI€E TYCTBIM, M HACOC HE CMOXKET €I0
IIPOKAYaTh.

Bce HacoChl STHIICHITIMKOICBOTO KOHTYpa OCHAIlle-
HBI YaCTOTHBIMHU IIPE0OPA30BATEISIMHU, KOTOPBIE OTPaHU-
YeHbl MUHUMAaJIBHBIM PACX0JI0OM, yCTaHaBIMBACMbIM
MPOrpaMMoii modopa AJ1s Kak10ro Hacoca. YacTOTHbIC
npeoOpazoBaTea Ha BEHTHIATOPAX CyXUX IPaIupeH
perynupyrorces 10 ckopoctu Bpaienus 30 % ot HoMu-
HaJIbHOM.

B Tabn. 2 mpencraBieHs! TOJOBBIC BEIPAOOTKH XO-
JIOZIa W 3JIEKTPOIHEPTUH [UIsl BCEX BapHAHTOB pacyera,
a Taroke BbIYKcIeH kodddunuent npeodpazosanus EER.

JleTnuii nepuon SUMHHMIA IEprUOST
Beicora Temneparypa,
Bapuantsr Tewmeparypa | Temmneparypa | Temmeparypa | Temmeparypa pacronoxeHus | 10 KOTOpoi paboraeT
BHEIIHETO BHYTPEHHETO BHEIIHETO BHYTPEHHETO JIpaiiKyIepoB, M npaiikysep, °C
KOHTYypa KOHTYypa KOHTYypa KOHTYypa
4/12 6/14 47/52 6/14 130 0
1 b 12/17 14/19 47/52 6/14 130 5
c 12/17 14/19 47/52 6/14 130 8
4/12 6/14 47/52 6/14 25 0
2 b 12/17 14/19 47/52 6/14 25 5
c 12/17 14/19 47/52 6/14 25 8
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Taﬁﬂ. 2. aHepreTI/I'{eCKI/IC IIOKa3aTein pa3J'II/I‘-IHI)IX BapI/IaHTOB CUCTCMBI XOJ'IOZ[OCH36)KCHI/IH
Bapuantst
Cucrema 1 2
a b c a b c
Crobonroe 267210 | 268292 | 422319 | 146403 | 116233 | 188662
OXJIQXKACHUC
T'onoBoe morpebnenne
MamwuHHoe
SMeKTposHeprum, Bru 1149452 | 912689 | 670977 | 807445 | 602279 | 445795
OXJIAXKICHUEC
Hroro 1416662 | 1180982 | 1093296 | 953849 | 718512 | 634457
Cobommoe | 4100566 | 1485406 | 2283704 | 1190566 | 1485406 | 2283 704
OXJIQXKJACHUC
T'omoBas BbIpaboOTKa Malioe
xonona, Bru 3188834 | 2893995 | 2095697 | 3188834 | 2893995 | 2095697
OXJIAXKICHHUEC
Hroro 4379401 | 4379401 | 4379401 | 4379401 | 4379401 | 4379 401
Crobonroe 4,45 5,55 5.4 8,13 12,78 12,10
Koadppuuunent OXJIAXKJICHUE
npeobpaszoBanus (EER) MarmuHHO® 2,77 3.17 3,12 3.95 4,81 4,70
OXJIAXKIEHUE

3AK/IIOYEHUE U OBCYXJIEHHUE

WHTEepecHO 3aMEeTHTD, YTO PACIIOJIOKEHHE CYXHX
OXJIaJIUTENEH CHIIBHO BIHSIET Ha MOTPEOICHUE IEKTPO-
SHEPTUU CHCTEMBI XOJOI0CHAOKEHHS, B YACTHOCTH
Ha BBIOOp THIIOpa3Mepa HacocoB. [ToTpedienue amexTpo-
SHEPTUH BAPHAHTOB C PACIIOJIOKEHUEM CyXHX OXJIa M-
Teneit Ha Kposie 3nanus (1 a, b, ¢) 6ombine Ha 50-70 %,
YeM Yy CYXHX OXJIAJIUTEIICH, PaCTIOIOKCHHBIX OKOJIO IKC-
yarupyemoro 3xanus (2 a, b, ¢), 4To 0ObICHsAETCS
JUTMHOW XOJIOAWIBHOTO KOHTYPA.

[Ipoananu3upoBaB 1 CpaBHUB ITOKa3aTen Ko du-
nueHToB npeodpasosanus (EER) Bapuantos (2 a, b, ¢)
u BapuaHToB (1 a, b, ¢), monydaercsi, 4TO MOKa3aTeIb
3¢ PEKTHBHOCTH CBOOOIHOTO OXJIAKICHHUS JIJIsl BapUaH-
ToB (2 a, b, ¢) Ha 180-230 % s> dexTuBHEE, YeM IS
BapuaHToB (1 a, b, ¢) u3-3a pa3nu4us B JUIMHE TPACCH-

POBKH XOJIONMIBHOTO KOHTYPA, YTO BIIEYET 3a COOOM
BEIOOp HamboIIee MOITHOM HacOCHOH Tpymsl. B ciyuae
CPaBHEHUsI COOTBETCTBYIOIINX BAPUAHTOB JJIsI MAIIUH-
HOTO OXJIQXKICHUS MOJTydaeM ToKa3aresib dPQEeKTUBHO-
ctu Oosplie Ha 140—150 %, 4To moATBEpIKAALT TOT (DaKT,
YTO CBOOOHOE OXJIAX/ICHHE C TOUKH 3PEHUS IEKTPO-
MOTPeOICHISI HAMHOTO 3P QEeKTHBHEE, YeM MAIIHHHOE
OXJIaXK/ICHHE.

W3 ouleHKHN 3IEKTPONOTPEOIECHUS] CHCTEMAMHU OX-
JakJIeHus1 (MAlIMHHOE U CBOOOHOE CyMMapHO) JUist
BBIPaOOTKH BOAIBI € TemiiepaTypoit 4-12/12—17 °C 3a Bpe-
Msl OT OTPHUIATEIBHOM TeMIIepaTypbl HApyKHOTO BO3-
nyxa 10 +8 °C MOXHO cliesIaTh BBIBOJI, YTO IEPEXOL
Ha MaIIMHHOE OXJIAXKICHNE TIPH O0JIee BBICOKOI Hapy kK-
Ho¥i Temriepatype +8 °C sHepreTHyecku 0oJee BBITOIeH,
yeMm nepexof pu +5 u 0 °C.
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INTRODUCTION

The main consumer of electricity inside office buil-
dings is the air conditioning system [1—4]. A traditional
cooling system has a compressor and condensers. The most
important step towards optimization and reduction
of energy-related costs is the abandonment of a compres-
sor and condensers; in addition, outdoor air cold is con-
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sumed by the system [5—8]. This cooling pattern is called
an atmospheric cooling system. The climatic features
of Russia make it possible to use the technology of large-
scale natural cold consumption [9-12].

It is interesting to identify the best temperature for
the transition to an atmospheric cooling pattern from
the machine one, depending on the location of the principal
items of equipment to be cooled.
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MATERIALS AND METHODS

The purpose of this article is to evaluate the air
conditioning system, that has an atmospheric cooling
circuit, in terms of its feasibility and efficiency and to
choose the most efficient transition from an atmospher-
ic cooling system to the machine one at different outdoor
air temperatures. The objective of this work is to compare
the energy performance of cooling systems following
the transition from atmospheric to machine cooling sys-
tems at different outdoor air temperatures, that ensure
atmospheric water cooling needed for the air condition-
ing systems of office buildings. Multivariate calculations
are made for this purpose. Since the energy consumed
by atmospheric cooling is usually taken to be equal to
zero [13-20], it is important to determine the amount
of energy consumed by the atmospheric cooling system,
as well as its efficiency.

RESULTS

The project represents a refrigeration system that
has two internal refrigeration circuits and one external
refrigeration circuit with an integrated atmospheric co-
oling system and the possibility of sequential cooling
of the refrigerant in atmospheric cooling heat exchangers
and evaporators of refrigeration machines.

This refrigeration pattern allows for the implemen-
tation of a complete atmospheric cooling mode in order
to reduce energy costs in the winter season.

The refrigeration circuit has chillers and fan coils.
The refrigerant of the refrigeration circuit is water. Its
parameters for option 1 are +6/14 °C, for options 2 and
3 —+14/19 °C. Cooling circuit components include dry
coolers, chillers. The 40 % aqueous solution of ethylene
glycol is the coolant for the cooling circuit with
+40/47 °C as the summer mode parameters, as for
the winter mode, the parameters for option 1 are
+4/12 °C, for options 2 and 3 — +12/17 °C.

The internal cooling circuit, designated for consu-
mers, is divided into two parts, a circuit for refrigeration
machines (the primary circuit) and a circuit for consu-
mers (the secondary circuit). Refrigeration circuits are
separated by a low-loss header line with a storage tank.
The system uses refrigeration machines that have screw
compressors (Climaveneta company) with water-cooled
condensers, dry coolers (Thermokey company), pumping

stations (Grundfos company), an intermediate heat ex-
changer (Kelvion Mashimpex company) and valves
(Danfoss company).

The circulation of water in the primary cooling cir-
cuit is carried out by a pumping group. Water consump-
tion in the primary cooling circuit is variable. Project
chillers allow for a change in the evaporator flow rate
that does not exceed 8 %/min. The minimum acceptable
flow rate is 10 1/s, the maximum flow rate is 20 1/s.

The circulation of water in the secondary circuit is
carried out by the pumps. The secondary circuit water
flow is determined by the reading of the differential pres-
sure sensor, which changes depending on the position
of consumers’ control valves. All consumers are equipped
with two-way control valves.

The circulation of the ethylene glycol solution in
the cooling circuit is carried out by pumps. The water
flow in the cooling circuit changes step by step, depen-
ding on the operating mode of the system.

The air conditioning system has the following op-
erating modes:

* the summer mode: refrigerating machines are in
operation. The coolant flow through cooling heat ex-
changers is blocked. The flow of the heat carrier
of the cooling circuit through cooling heat exchangers
is blocked;

* the winter mode: dry coolers and cooling heat
exchangers are in operation. The flow of the coolant and
heat carrier through refrigerating machines is blocked.

Office premises feature significant heat emissions
during the working day. A non-stationary thermal regime
was analyzed for a representative day of each season
of the year to determine the load on the air cooling sys-
tem.

The indoor heat emitted by people, artificial ligh-
ting, computers, solar radiation was taken into account.

The location of dry coolers on the roof of the buil-
ding (option 1 a, b, ¢) and near the building (option 2 a,
b, ¢) are considered.

The characteristics of the options under conside-
ration are presented in Table 1.

We consider the maximum design temperature
of the outdoor air of 26 °C.

Two circuits pass through the intermediate heat ex-
changer. The first circuit is filled with water; the water
temperature is +6—14 °C to ensure the early transition to

Table 1. Characteristics of the options under consideration

Summer period Winter period The maximal
. . L L ... | Elevation of dry temperature of
Optionss External circuit | Internal circuit | External circuit | Internal circuit .
coolers, m operation of a dry
temperature temperature temperature temperature cooler. °C
la 4/12 6/14 47/52 6/14 130 0
1b 12/17 14/19 47/52 6/14 130 5
lc 12/17 14/19 47/52 6/14 130 8
2a 4/12 6/14 47/52 6/14 25 0
2b 12/17 14/19 47/52 6/14 25 5
2¢ 12/17 14/19 47/52 6/14 25 8
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machine cooling (at 0 °C, options 1 @ and 2 a), and for
options 1 b, ¢, 2 b and ¢, the values of +14-19 °C are
taken, for the late transition to machine cooling, the wa-
ter temperature is +5 °C and +8 °C. As a rule, the tem-
perature of chilled water is +7 °C and the temperature
of heated water is +12 °C in the air conditioning systems.
However, within this temperature range, machine cooling
can be carried out to match the outdoor temperature
which is equal to 0 °C. Moreover, it is important that
the pre-set water temperature does not dry the indoor air,
so that it does not increase the cooling load on the fan
coil unit, although a slightly larger size of this fan con-
vector is required. The maximum cooling capacity in
the atmospheric cooling mode is determined by the wor-
king surface of the intermediate heat exchanger.

The second circuit has a condenser, and it operates
within the framework of the cooling system. This circuit
is filled with 40 % solution of ethylene glycol, whose
temperature varies depending on the outdoor tempera-
ture. If the water temperature range in the circuit between

the heat exchanger and the dry cooling tower varies
within the range specified above, the atmospheric cooling
system must cool the non-freezing liquid to the tem-
perature of +8 °C and heat it in the intermediate heat
exchanger to +17 °C (for options 1 b, ¢, 2 b and ¢). Due
to the percent content of ethylene glycol, the system can
operate in the cold season when the outdoor temperature
is above —28 °C. At when the outdoor air temperatures
is below —28 °C, the system cannot operate, since
the ethylene glycol solution becomes thicker and
the pump cannot pump it.

All pumps of the ethylene glycol circuit are equipped
with frequency converters, which are limited to the mini-
mum flow rate, set by the software for each pump. Fre-
quency converters, attached to the fans of dry cooling
towers, are adjustable up to the speed of rotation which
is 30 % of the nominal one.

Table 2 shows the annual output of cold and electri-
city for all calculation options, as well as the calculated
EER conversion ratio.

Table 2. Energy indicators of various options for the refrigeration system

Options
System 1 2
a b c a b c
. Atmospheric 267,210 | 268,292 | 422319 | 146,403 | 116233 | 188,662
Annual electricity cooling
consumption, wh Machine cooling | 1,149,452 912,689 670,977 807,445 602,279 445,795
Total 1,416,662 | 1,180,982 | 1,093,296| 953,849 718,512 634,457
_ Atmospheric | 490 566 |1 485,406 | 2,283,704 | 1,190,566 | 1,485.406| 2,283,704
Annual cold production, cooling
wh Machine cooling | 3,188,834 | 2,893,995| 2,095,697 | 3,183,834 | 2,893,995| 2,095,697
Total 4,379,401 | 4,379,401 | 4,379,401 | 4,379,401 | 4,379,401 | 4,379,401
Atmospheric
. 4.45 5.55 54 8.13 12.78 12.10
Conversion ratio (EER) cooling
Machine cooling 2.77 3.17 3.12 3.95 4.81 4.70

CONCLUSIONS

It is interesting to note that the location of dry co-
olers strongly influences the power consumption by
the refrigeration system, in particular, the choice
of pumps. The power consumed if dry coolers are placed
on the roof of a building (1 «, b, ¢) is 50-70 % higher
than that if dry coolers are located near the building (2 a,
b, ), which is explained by the length of the refrigeration
circuit.

After analyzing and comparing the values of conver-
sion ratio EER for options (2 «, b, ¢) and options (1 a,
b, ¢), we identified that the efficiency index of atmo-
spheric cooling for options (2 a, b, ¢) is 180-230 %
higher than that for options (1 «, b, ¢) due to differences

in the length of the refrigerant circuit routing, which
determines the choice of the most powerful pumps. In
the case of comparison of the same options for machine
cooling purposes, the efficiency index increases by 140—
150 %, which confirms the fact that atmospheric cooling
is much more efficient than machine cooling in terms
of energy consumption.

As for the assessment of power consumption by
the cooling systems (machine and atmospheric ones in
total) that produce water having the temperature of +4—
12/+12-17 °C during the period between the negative
values of the outdoor air and +8 °C, it can be concluded
that transition to machine cooling at the higher outdoor
temperature of +8 °C is more energy efficient than
the same transition at +5 and 0 °C.
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