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EKCMNEPUMEHTAIJIbHI
AOCHNIAXEHHA NMNOBITPAHOIO
TEMNNOOBMIHHUKA MNMOBIYHO-
BUMAPHOIO TUMY

8a ocmanHi dsa decamunimms 0Ons  uinel obigpigy
ernposadxeHo 6azamo HOBUX MPUCMPOI8 Ha OCHOBI 8IOHOBIHOBAHOI
eHepeil: HO8i yCmaHOo8KU peKyrnepaulii mernia, mernmaosi Mnommu,
COHsIYHI cucmemu ma 6azamo iHWUX.

lMpome >0O0HUX rpuUCMpPOi8 Ha OCHO8I [MOHOBITHO8AHUX
Oxepen eHepeii, AKi 00 Ub020 HYacy He byriu WUPOKO 3acmoco8aHi 8
obrniacmi oxornodxeHHs1. Lle cmeoproe saxnueuli Haykosull BUKITUK
0nsi docridHUKi8 'y ecboMy ceimi. Hosum piuwieHHsIM, sike 30amHe
poss'azamu euwe3zadaHi npobriemu, € npsMe ma Hernpsime
OX0r100XKeHHS M08IMpsiM Yepe3 euraposysaHHsl. BurnapHi nosimpsiHi
0x0r100Ky8avi BUKOPUCMOBYHMb OXO/100XKEeHY mennomy
gurnaposyeaHHsi 800U Onsi 3abe3rneYyeHHs1 OXONIOOXKEHHS | MeHwe
3anexams 8i0 BUKOMHOZ0 rarnuea, 0HU MaKoX XapaKmepusyrombscsi
3Ha4YHO BUWUM  KoegbiuieHmoM mpaHcgopmauii  ropieHsHO 3
cucmemamu  MexaHiHHO20 ~ CMUCHEeHHs.  Buwjul  koegbiuieHm
mpaHcebopmauii  Mokasye, wWo po3ensaHymi  npucmpoi  30amHi
3MEHWUMU  3Ha4yHy  4YacmuHy  CIHOXUBaHHSI — eHepeil, W0
suKopucmosyembsCsi O KOHOUUjOHy8aHHsI rosimpsi. OOHUM 3
Halikpawjux memodig O0ocsieHeHHSI OyXe HU3bKUX memrepamyp 3
HEernpsiMuM  8UNMapHUM  OXOJIOOXEHHSIM  flosimpsi € Hosul
mepMoOuHamiyHUU Uukil, sidomull sk yuki MalicoueHka (M-yukrn).
[osimpsiHi mMennoobmMiHHUKU MOBIYHO-8UNapPHO20 murly Ha OCHO8I
uukny MaticoueHka matomp Ginbwutl KoegbiujieHm mpaHcghopmauii,
momy ix OouinbHO  3acmocosyeamu  Ofii  OXO/I00XKEeHHS
MeapUHHUUBKUX MPUMILLEHb.

CmeopeHHs1 npaye3damHux | €KOHOMIYHO eheKmueHUX
KOHCMPYKUit rosimpsiHUX merioobMiHHUKIE (mernnoymursiizamopig)
0515  MeapuHHUUbLKUX MPpUMIilUEHb, 30amHux aspeaamysamuch 3
KOMIIeKmoM eeHmurnsuitiHo2o obriaOHaHHs, sierisie coboro CKadHy
Haykosy ma iHxeHepHy 3adayy.

8a pesynbsmamamu  ekcriepuMeHmarnsHUx — OOCIOXeHb
nabopamopHo2o  mennoobMiHHUKa  obiYHO-8UNapHo20  mury
OMpUMaHO  3a/leXKHoOCmi  memrepamypu  8UXIOHO20 MEePBUHHOZ0
rosimpsiHo20 NMomMokKy, KoecpiujfeHma meriosoi eghekmusHocmi ma
eghekmugHoI' x0r1000MpPodyKMUBHOI MoMy>KHocmi 6i0 memnepamypu
MEePBUHHO20 OBIMPSHO20 MOMOKY Ha 6rycKy, lio20 abcormomHor
goriozocmi | (i0e0 eumpam [OMOKY. AHani3yroHu OmpuMaHi
3anexxHocmi MOXHa 3pobumu  BUCHOBOK W000  8idrnosidHoCcmi
pe3yibmamie YuceribHoO20 MOOESTIIO8aHHS ma eKcriepuMeHmaribHUX
docriidxeHb, WO  MomeepOXXyembCsi  8UCOKUM  3HAYEHHSIM
koegpiuieHma kopensauii lNipcoHa (0,92—0,94). OnmumaribHi 3Ha4eHHS
hakmopie 3a yMo8u Makcumizauii eqbeKkmueHoI xor000rpodyKmueHoi
nomyxHocmi Ne = 426 Bm (pisHi nnowi omeopis), Ng = 380 Bm
(odHakosi rrowli omeopis) cknadarome tn = 32 °C, Xin = 5 2/ke, Qn =
169 M%/200.

Knroyoei crosa: MIKpOKIiiMam, menIo0OMIHHUK,
memriepamypa, 8eHMUITSIIS, roeimpsi, rnomik, HasHimaHHsI, ¢ghakmop,
modertogaHHs,  mennoriepedadya,  MEapUHHUULKE  MPUMIUEHHS,
romMy»KHiCme.
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lTocmaHoeka npo6bnemu. OpHum i3
HarKpaLLmx MeTopiB OOCArHEeHHs1 HN3bKMX
Temnepatyp y  3abesneveHHi MiKpoknimaTy
TBaAPUHHMLBKNX npUMiLLEHb € Henpsive
OXONOKEHHS MOBITPS LLUMASIXOM BUnapoByBaHHs [1].

3aBOsku NOMITHIM nepeBasi  HenpaMUx
BMNApPHMX OXOJIOOKYBadyiB Hag NpsiMMMK, a came
BiCYTHOCTI BONoOrm B MOBITPi, WO 3abe3neuye
ririeHiYHy SKiCTb NOBITPSA, Lier TMn 06pobkM NoBiTpS
npvBepHyB pgefani Ginblie yBarM Ta OTpMMaB
LWBMOKUA PO3BUTOK BMPOAOBX OCTaHHIX KifbKOX
aecatnnite [2]. JdocnigXeHHsi, BMPOOHULUTBO Ta
npakTu4He 3aCTOCYBaHHA, noB’sai3aHe 3
NPUCTPOSIMK, WO peanisyloTb Npouec HenpsMoro
BUMApPHOIO OXOMOMXEHHSI Ma€E LUBUOKUA PO3BUTOK
[3]. Barato kopnopaui y BCbOMY CBIiTi BUSBUNU
noTeHLian BUMAPHOTO OXONIOMKEHHA Ta no4vanu
3aCTOCOBYBaTW Taki TennoobMiHHMKM Yy CBOIX
BEHTUNALINHUX ycTaHoBKax [4]. Lle € ceigvyeHHsMm
3POCTaHHA iHTEpPECY OO0 HOBWX PillleHb BUMAPHUX
NOBITPOOXONO4XKYBauiB, AKi §) J03BONUNN
OTpMMaTU MakCUManbHO MOXIMBY €(EKTUBHICTD i

3aMiHUTM  4aCTUHY  Hee(MEKTUBHUX  CUCTEM
MeXaHiYHOro CTUCHEHHS.

Cuctema HenpsMoro BMMApPHOro
OXOMNOXXEHHSs 3abesnevye OXOJIOOXKEHHS

TEXHONOr4YHOro noBiTpA 6e3 gogasBaHHA BOMOTW.
Henpsamun BMNapHUN MOBITPOOXONOAKYBaY
nponyckae mnepBMHHe (OCHOBHE) NOBITPA Hag
CyXOl CTOPOHOK NacTMHM TennooOMiHHUMKa, a
poboye (BTOPMHHE) NOBITPSA — HaA, Ti MPOTUNEXHOI
Bosioroto ctopoHow [4, 5]. Bonora cTtopoHa
nornuHae TennoTy Bi4 CyXOi i TOMY OXONOAXye
Cyxy CTOpoHy 0e3 goaaBaHHsi BOMlOrM B MOBITPS,
TOAI SIK NpuxoBaHa TennoTa BMNapoBYBaHOI BOAM
nepefaeTbCa BOJSIOriN  CTOPOHI noBiTPs. Yepes
BiACYTHICTb [Jo4aBaHHA BOMOMM B MPUTSXKHE
noeiTpss cuctema Ginbw  npuBabnuea, Hix
NPUCTPOI NPSMOro BUNapoByBaHHSA A11s NoByTOBMX
3actocyBaHb. bnoku mawTb QopMy TUNOBUX
TENNooOMiHHMKIB 3  peKynepauiero  TEnnoTu:
napanensHOro, MPOTUTOYHOIO | MNepexpecHoro
NOTOKIB.

OcHoBHOlO  npobnemotd  npu  GinbL
LUIMPOKOMY 3aCTOCYBaHHi YCTaHOBOK HENPSMOro
BUMapPHOro MoBITPAHOrO OXOMOMAXEHHS € X HU3bKa
Tennosa edekTMBHICTL [6]. TwunoBi NOBITPSHI
TEeNnooOMiHHMKM nobivyHO-BMNapHOro Tmny
3aCHOBaHi Ha CXeMi MepexpecHoro MoTOoKy, Lo
NpY3BOAMTbL OO HM3bKOrO nepenagy TemnepaTypu.
MpoTMNOTOKOBI arperatv BaXKo 3acCTOCOBYBaTU
yepes3 cKnagHy cxemy MOTOKy noBiTps. barato
OOCNiAHWKIB AOKnanuM 3ycunb Ans nNigBULLLEHHS
e(EeKTMBHOCTI BUNapHUX MOBITPOOXONOAXYBaYiB,
wob 3abesneunT iX LWIMPOKE 3aCTOCYBaHHA B
pi3HUX KniMaTu4HMX YymoBax. [eski 3 meTogis

30CcepemKeHi  Ha  cknagHuMx — cuctemax,  Wo
cKnagatoTbCs 3 OeKinbKoX TUniB OOMIHHUKIB, Todi
AK geski  30cepedkeHi Ha Oimbw  NpocTuX

56

ma mexHorsoegissx
2024

piweHHax. KniwouyoBa iges M-Cycle nongrana B
TOMy, WO6 4YMCTMMA  3YCTPIYHUA  NOTIK B
NNacTUH4YacToOMy TennoobMIHHUKY [OyXe BaXKo
peanisyBaTn yepe3 reoMeTpilo kaHanis (NnacTuH)
3 MOBITPSIM, LLIO BXOAUTb i BUXOAUTb 3 OOQHUX i TUX
Xe CTopiH. Y 3B'sasky 3 uum M-Cycle Tenep
BTINNEHUA y nepdopoBaHOMY TEMMOOOMIHHUKY 3
nonepevyHnm NoTokom [7].

AHaniza  ocmaHHix  docniidkeHb i
ny6nikayiti. lUBMake  3pOCTaHHA  CBITOBOrO
CMOXWBAHHS eHepril Y TBApUHHULIbKUX KOMMMEeKcax
BMKNMKaNo cepwnosHy cTypboBaHiCTb 3 npuBoay
BUCHaXXEHHSI €HepreTUYHMUX pecypciB. 3pOCTaHHS
CMNOXWBAHHS eHeprii TBapPUHHULIbKUMU
KOMMMeKcamu CnpuiInHEHO Takumm paktopamu, K
3pOCTaHHA YMCEenbHOCTI MOronie’d TBapuvH Ta
NigBULLIEHHSA BUMOT o 3abea3neveHHs
MiKpoKniMaTy B NpuMiLLLeHHSAX [8].

3a ocTaHHi [ecAaTuniTTs  CMNoXWBaHHSA
NEePBUHHOT eHepril y TBapWHHWULTBI 3pOCnO Ha
29%. Ha  nigTpymaHHa  mikpoknimaTty vy
TBapPUHHULIbKUX MPUMILLLEHHAX Npunagae Benuvka
YacTMHa 3aranbHOro  KiHUEBOro  CMOXWBaHHSA
eHeprii. MoxHa nomiTUTU, WO eHeprid, ska
BMKOPUCTOBYETbLCS ans OXONOKEHHS, €
BaXXKNIMBOK YaCTUHOK 3aranbHOro  CroXMBaHHSA
eHeprii, WO noCTiNHO 30inbLUyeTbCS  Yepes
3pOCTaHHA MOMMTY Ha Kpawun KomdopT Yy
TBAPUHHULbBKMX  MpuMiweHHsX.  EHepretudHa
nonituka OaraTbOx KpaiH CBIiTYy 30cepemkeHa Ha
CKOPOYEHHI CNOXMBAHHA €neKTPUYHOI eHeprii Ta
BMPOBaKEeHHI HOBUX TEXHOMOriN, SKi BBaXalTbCA
ekonorivHo  unctumm  [9]. Yepes 3pocTaHHsA
notpebn B KOHOWUIOHYBaHHI Ta  3pOCTaHHSA
iHTepecy A0 eHepro3bepexeHHsl, MOLWYK LnsAXis
3MEHLUEHHSI CMOXWBaHHA TBEpAOoro nanvea Ta
30iMNbLUEHHST BUKOPUCTAHHSA BiGHOBIHOBaHOI eHepril
nig yac npowecy KOHAMLIOHYBaHHS y
TBApPUHHULILKOMY  CEKTOpi  arpornpoMMCoBOro
BUPOOHMLTBA € HAA3BNYANHO BaXKIMBUM.

TBapUHHUL KNI CeKkTop
arponpoMmncroBoro BUPOOHMLITBA Mae
HanoinbLLNIA noteHyuian ans nigBULLIEHHSA
€eKTUBHOCTI BUKOPUCTaHHSA eHeprii. BuagHo, wo
eHepris, ka BUKOPUCTOBYETLCA A1151 OXONOAXKEHHS
MoBITPSl, € BaXIMBOK YaCTMHOK 3aranbHOro
CMOXWBAHHA €eHepril, fka MNOCTINHO 3pocTae Yy
3B'A3KYy 3 nigeuLweHnMmn BMMOramm no
3abe3neyeHHs OMNTMMAarbHOMO MIKPOKMIMaTy Yy
TBapPUHHULLKNX npumieHHax [10, 11, 12, 13].
Hambinblwa yactka eHeprosaTpaT TBapMHHULbKMX
npuMiLLeHb Npunagae Ha CTBOPEHHS HOPMATUBHMUX
napameTpiB MiKpoknimMaTy, 30Kpema Ha nigirpis
NPUNSIMBHOMO  BEHTUNAUIAHOrO  MOBITPS. B
onanioBanbHUN nepio TenrnoreHepyodi NpUcTpoi
LMX NPUMILLLEHb CNOXMBAIOTL 3a PiI3HUMM OLiHKaMK
Bia 40 no 90 % Big cykynHux 3aTpaT nanuBHO-
eHepreTuyHux pecypcis [14, 15]. Tomy HaBiTb
YaCTKOBE 3HWXKEHHS UMX 3aTpaT npuBege Ao
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CYTTEBOrO CKOPOYEHHS1 3aTpaT Ha BUPOOHMLTBO
npoayKuii TBApMHHULTBA.

EdektuBHnm  cnocobom  CKOPOYEHHSA
BUTPAT €Heprii TBAPUHHWULIbKUX MPUMILLEHb €
BUKOPUCTaAHHSA TENmoTU BEHTUNAUINHUX BUKMAIB
Ana  nigirpisy  NpUNAMBHOINO  BEHTUASALINHOIO
noBiTpst [16]. CknagHiCTb BUKOPUCTAHHSA TennoTu
NOBITPS BEHTUNALINHUX BUKUAIB NONdrae B TOMY,
WO BMKMAOHE TMOBITPA € HU3LKOMOTEHUiMHUM
oKepernom TennoBoi eHeprii [17].

Hanbinbw nepcnekTuBHMMKU cnocobamm
BUKOPUCTaAHHA TENSIOTU BEHTUNSAUINHUX BUKUAIB €
3aCcToCcyBaHHs TENnooOMiHHUMKIB
(TennoyTtunizartopis). TennoobmiHHUKN
(Tennoytunizatopn)  BEHTUMSAUIMHWX  BUKUAIB
3aBOsIKM  CBOIN  e(EeKTUBHOCTI 3HaxXoaaATb BCe
Oinblle pO3NOBCIOMKEHHS HAK B XKUTMNOBMX Ta
aAMiHICTpaTMBHNX NPUMILLIEHHAX, TaK i B cnopyaax
NMPOMUCIIOBOrO  MpU3HAYeHHs.  3acTocyBaHHS
TennoobMiHHMKa (TennoyTtunizatopa)
BEHTUNAUINHMX BUKMAIB B cUCTEMi 3abe3nedyeHHs
MiKpoKknimaTty TBaPMHHULIbKMX NPUMILLEHb
003BONSIE CKOPOTUTM 3aTpaTu eHeprii Ha nigirpis
npunnueHoro noeitpsa o 80 % [18].

3a ocTaHHi OBa OecaTuniTTa Ans uinen
obirpisy B npumieHHsix AlMNK 6yno BnpoBagkeHo
©araTo HOBMX MPUCTPOIB HA OCHOBI BiAHOBMOBAHOI
eHeprii: HOBI YCTaHOBKM peKkynepauii Tennotu,
TENnnoBi MOMMNK, COHAYHI cUCcTeMM Ta GaraTto iHWKnX
[19]. OpHak XOgHUX MPUCTPOIB HA  OCHOBI
NOHOBIKOBAHUX Kepes eHepril, ki 4O LUboro yacy
He ©Oynn LWWPOKO 3acTocoBaHi B obnacTi
OXOIOAXKEHHS.

[nsa 3abe3neyeHHs BigBeOeHHs MOBITPs 3

ma mexHorsoegissx
2024

NPUMILLLEHHSI CBMHApHMKa CTBOpEHa aBTOMaTu4Ha
BeHTMNAUiNHa cuctema 3abopy 3abpyaHeHoro
NoBITPst 3 TBapUHHULBKUX NpumiweHb [14, 20]. B
pes3ynbTati  aHaniTMYHUX  OOCNIfXeHb  AaHol
CUCTEMU MATEMAaTUYHO MNPeAcTaBneHo yMoBy i
edekTuBHOi pobotn. Po3pobneHa meToguka i
peanisoBaHWii Ha OCHOBI HEl anropuTMm [03BOMNSE
po3paxoByBaTW MMOLi OTBOPIB, SKi YTBOPKKTb
3alipHi 3acniHku i3 cepBonpuBogamMm y naTpybkax
ans 3abopy noiTps. OTpMMaHi 3aneXHOCTi 3MiHK
BTPaAT TUCKY i MOTY)XXHOCTI, sika HeoOxigHa Ans
npoKayyBaHHA MOBITPSA 4epe3 TennooOMiHHMK
nobiyHo-BMNapHoro Tuny uukny MawcoueHka, Big
LWMPUHU LUEeHTpanbeHOro MoBIiTPONpoBOAy, BuUTpat
NoBITPsi Yepes cUCTeMy, AOBXMHU MK naTpybkamm
cucTemu i ix KinbkocTi [21].

Mema i 3aedaHHs docnidxeHb. Ha
OCHOBI eKcrepuMeHTarnbHUX JocnigKeHb
TennoobMiHHMKa nobivyHo-BUMNapHOro TMny
BCT@QHOBUTU eMMipU4Hi  3aKOHOMIPHOCTi  3MiHWN
TemnepaTypyu BUXiQHOTMO NEPBUHHOIO MOBITPSIHOIO
NOTOKYy, KoedpiuieHTa TennoBoi edeKTMBHOCTI Ta
edeKTUBHOI X0NoA40NPOAYKTUBHOT MOTYXXHOCTI Big
TemnepaTypu NepBUHHOIO MOBITPSIHOTO MOTOKY Ha
BMYCKy, MOro abCcomntoTHOI BOMOrOCTi i MOoro BuTpar
MOTOKY.

Mamepianu i Memodu docnidxeHb. Ons
NPOBEAEHHA EeKCNepuMMEHTanbHUX  OOCHIMXEeHb
BUIrOTOBMEHNI NabopaTopHO-eKCnepUMeHTanbHUN
3pasok TennoobmiHHVKa NoBiYHO-BMNAPHOro Tuny.
3D-mogens TennoobMmiHHMKa MOBIYHO-BMNAPHOTO
TMNY i3 NPUAHATUMW TEOMETPUYHUMN PO3Mipamm
npencrtaeneHa Ha puc. 1.

Puc. 1. 3D-moaenb Tennoo6MiHHUKa NOGiYHO-BUNApPHOro Tuny
i3 NPUAHATUMN reOMEeTPUYHMMU pOo3MipamMu (MM)
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3anponoHoBaHui TENOoBMiHHUK
no6GiYHO-BMNAPHOrO TWUMY BUKOHAHWA Yy BUMMSAAI

TEnSIOMacooOMiHHUKA, SAKAW  3HaxoOAUTbLCA B
cepeavHi TEPMOI30NbOBaHOr0 Kopnycy.
TennomMacooObMiHHUK € OCHOBHOI  YacCTUHO

BCbOro TEMN00OMiHHMKa NOBIYHO-BMNAPHOIO TUMy,
OCKiNbKM BiH € KOMMOHEHTOM, L0 BignoBsigae 3a
dakTUYHE OXONOSKEHHS.

TennoMacoobMiHHUK (pwc. 2)
BUFOTOBMEHUN 3 BUKOPUCTaHHAM cboTonanepy
dopmaty A3, winbHicTo 210 /M2, i
OBOCTOPOHHBOI KMENKOI CTPIYKN TOBLUNHOK 4 MM i
wupuHoto 4 mm. Lli matepianu nerkogocTtynHi, a
TakoX  fgewesi  MOPIBHAHO 3  Oyab-sikKMUM
mMaTtepianoMm,  SKMA  BMKOPWUCTOBYETbCA  ANd
BUrOTOBIEHHS nopfibHux anapartis. Bubip Takoro
MaTepiany BunpaBAaHuiA, OCKINbKW BiH BignoBigae
BMMOTaMm LLOA0 HAsiBHOCTI CyXMX i BONOrMx KaHanis
no obuaei cTopoHu cTiHkK. PoTonanip Bignosigae

ma mexHorsoegissx
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BMMOram, OCKifbKM BiH Mae rmsHueBe NoKpuTTS 3
ogHoro OOKy Ta BOSIOKHUCTWIA nanip 3 iHworo.
Takum  4yuHOM, dpoTonmanip MOXe  YCnillHO
BMKOHYBaTWM  poONfib  MPOBIAHOI  CTiHKKW,  sKa
3abe3nevye nepegady Tennotu, ane 3anobirae
nepegadvi Macu, OCKiNbKM BOHa HENPOHMKHa AN
BOAM 3aBOSKM [NSAHUEBIN MOBEPXHi Ha Ccyxin
cTopoHi. OpHak Ans 3MEeHLWEHHS WMOBIPHOCTI
po3pvBy namnepy MOro rnsHUeBa CTOPOHa
popaTtkoBo Oyna obkneeHa honbrow TOBLUMHOK
0,1 mM. [IBOCTOPOHHSA Krenka CTpiyka BMKOHYE
ponb po3ginBaya KaHaniB  ana  nnacTuH,
cchopmoBaHux 3 poTtonanepy. KoHcTpykuis Ans
BOMOrOr0 Ta CyXOro KaHanie BUrOTOBMSETLCH
LIMAAXOM HaKnageHHs CTpidku Ha dhoTonanip nia
kytom 90°, wWwo pobutb i TUN nNepexpecHoro
notoky. Becb posnogin ana Bomnorux KaHanis
TaKOX BUKOHYETbCS MNICMs BUrOTOBIEHHS KaHani..

23,

C

0.5

T

Y

: 4% i

Puc. 2. 3D-mopgens (a) i 3aranbHun Burnsapg (6)
eneMeHTIB TennoobmiHHMKa NobivyHo-BMNapHoro Tuny

Kopnyc TennoobMmiHHUKa noGivHo-
BMMNapHOro Tuny (puc. 3) BUrOTOBMNEHMI 3 NiHOMMacTy
" obkneenni oneroto ToBwwmHow 0,1 Mm. Kopriyc €
pO36ipHUM ans BifTbHOrO goctyny oo
TennomacoobmiHHvka. Kopnyc — TennoobmiHHuKa
MICTUTb OAIMH BXIOHWW | OBa BUXIOHWX NPSIMOKYTHI
otBopu po3mMipoMm 120 Mm x 120 MM, €Ki MOXHa
segHyBaTM i3 cuctemor  BeHTunAuii  abo
Oes3nocepeHbLO BCTAHOBMIOBATU BEHTUNATOPU. B
HIDKHIN YacTuHI TennoobMiHHMKA MICTUTbCS 3abipHa
EMHICTb Ana BOoAW, OO SKOI MpuegHaHa nomna Aansi
nepekavyyBaHHs  BOAM Y  BEPXHO  YaCTMHY
TEeNnnoMacoobMiHHMKa i posnogainy i 3
BMKOPUCTAHHSIM KpanerbHOi TpyoKu.
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JlabGopaTopHuii cTeHn, Ans  npoBeneHHs
JocnimpkeHb cknapascs 3 nabopaTtopHo-
EKCMepUMEHTanbHOro  3paska  TenrnooOMiHHMKa
nobivyHO-BMNApPHOro TUMy, B IKOMy BCTAHOBIEHO ABa
BEHTUNATOPW, SK MOKasaHo Ha puc. 3.
[MpoOyKTUBHICTL BEHTUNATOPIB  perynioBanacb 3
BMKOPUCTaHHAM OvMMepa, Lo nig’egHaHo OO Mepexi
220 B yepe3 enekTponiuyunbHUK, (OYHKLIED SKOro €
BM3HAYEHHS CNIOXKUBAHOI MOTY>KHOCTiI BEHTUINATOPIB.

Y TpbOX MPSIMOKYTHUX OTBOpax (OAuWH
BXIOHWI | OBa BMXifHI) BCTAHOBIEHI MOAEPHI30BaHi
Tpybkn [paHaotna Ha 6asi  pgartymka  TUCKY
MPX5100DP, paTuukM BOMOrocTi i Temnepartypu
DHT11. OdaTtuukm Tucky, TemnepaTypu i BOJOrocTi
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nigkntodeHi go nnatv kepyBaHHa Arduino UNO. B
LeHTpi TennioMacoobMiHHMKA y BOFOroMy i Cyxomy
KaHanax BCTaHOBIIEHI uMdposBi haryvkm
Temnepatypu DS18B20, siki 3 BUKOPUCTAHHSIM LLINHK
3B'A3ky 1-wire nigknoYeHi 0 nnatM KepyBaHHS
Arduino UNO.

Yea iHdopmauia 3 Arduino UNO noctynae
00 MepcoHarnbHOro Komm'loTepa, SKUA Mnpauioe B

pexumi ocuunorpaga 3 MOXMMBICTIO  3anucy
OTPMMaHMX SaHWX.

HocnimpkeHHa npoBoguMnMCb 32 TakuMu
dakTopamu:

— nnowa OTBOpIB Mi>K KaHanamm

TENNOMacooOMiHHMKA (3 OOHAKOBOK MIOLWEl; 3
pi3HOO Mroweto) — puc. 4;

ma mexHOoJ102is1X
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— BATPATU MOBITPS Y BMXiOHUX KaHamnax Qin
(100 m3/rop, 300 m3/rog, 500 m3ron);

—Temnepatypa Tin (20 °C, 26 °C, 32 °C) i
abcontotHa Bonoricte Xin (5 r/kr, 15 r/kr, 25 r/kr)
BXiHOrO NOBITPS.

Kputepisgmu gocnigkeHs €:

— OVHaMika 3MiHK TemnepaTypu B CepeauHi
TENOMacoOOMIHHUKa;

—Temnepatypa i BOMOrCTb MOBITPA Ha
BUXOi 3 TensIoMacoobMiHHMKA;

— koedpilieHT TennoBoi eeKTUBHOCTI N

— NOTYXHICTb, Lo BUTpaYvaeTbCs

BEHTUNATOPaMMK AN NepekavyBaHHS NOBITPS Yepes
TEennomMacooBMiHHUK.

220 B
]

S TN,

BOJIOTOCTI 1
TeMInepaTypu
DHTI11

:
{
Be

Puc. 3. Cxewma (a) i 3aranbHumn Burnsag (6) naboparopHoro creHay
ANA pgocnigXeHHA TensI006MiHHUKa NO6iYHO-BUNApPHOro Tuny

59
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OTtBOpH piBHOI 1UIOMII

710987654321 D, mm

ma mexHOoJ102is1X

OTBOpH Pi3HOI TIOMTI

J10987654321 D, mm

Puc. 4. Cxema po3TallyBaHHA OTBOPIB MiXK KaHarnamMu TensioMacoobMiHHUKa

PesynbTtatin ekcnepyMeHTansHuX SOChimpKeHb
MopiBHIOBaNMMCb 3 pe3ynbrataMu  YMCESIbHOro
MOZENNOBAHHS i BIAMOBIOHO A0 LOro BHOCUIUCH MEBHiI
KOperyBaHHA [0 OTPUMMaHuX 3akoHomipHocTen. Lli
3aKOHOMIPHOCTI  BpaxoByBanuCb  MpW  CTBOPEHHI
anroputMiB  aBTOMaTU4YHOIO ~ KEPYBaHHA  CUCTEMM
3abesnedeHHs  MikpokniMaty B MpUMILLEHHI  And
YTPUMaHHS CBUHEN.

OBpobKy OaHWX 3MJINCHEHO 3 BMKOPUCTAHHAM
nporpamHmx naketie Microsoft Excel i Wolfram Cloud.

Pesynsmamu docnioxeHb. 3a
pesynbrataMu OOpoOKM OaHWX OTpUMaHi PIBHAHHS
perpecii apyroro nopsiaky Ans temneparypuy BUXIOHOrO

NMEPBUHHOMO MOBITPSIHOTO MOTOKY tout Big dbakTopiB

JocrimpkeHb.  TabnmyHuin CTbtogeHTa
cknagae toos(30) = 2,04.

BpaxoBytoun 3HadyLli koedilieHTn perpecir i
MPOBIBLLUM PO3KOAYBaHHS PiBHSHb PErpecii oTpUMyemo
3anexHOCTi  TemnepaTtypyu BWXIOHOTO  MEPBUHHOMO

Kputepin

MOBITPSIHOMO MOTOKY t out BiA GhaKTOpiB AOCIKEHD:

— O[HaKOoBi NIOWi OTBOPIB MK KaHanamu
TennomMacoobMiHHMKa

Lot =264839-0,00130204 Qn +

0,000340201 tin Qin — @
—0,0083864 tin? + 0,740021 tin + 0,0169586 Xin
tn + 0,0469216 Xin;
— pi3Hi nnow OTBOpIB MK KaHanamm

TennoMacoobMiHHUKa

Lot =654314—0,00407751 Qn +

0,000449682 tin Qin — 2
—0,000342885 xin Qin + 0,366847 tin +

0,018472 Xin tin — 0,318488 Xin.

CratuctuyHUiA aHarni3 3a3HadYeHuX PIBHSIHb B
JoCnimKyBaHOMY [iana3oHi BapitoBaHHA MoKasas, LLUO
kpuTepin KoxpeHa cknagae G(1) = 0,3146 i G(2) =
0,1875, Wwo meHLLe 3a TabnuuHe 3HayYeHHs Goos(2; 15)
=0,3346.

Takox kputepih Qiwepa ckrnagae F(1) =
1,5098 i F(2) = 2,2466, wo MeHwe 3a TabnuyHe
3HayeHHst Foos(8;30) = 2,27. Le nigtBepmkye
afeKkBaTHICTb OTpMMaHoI Mofeni.
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OntTumaneHi 3Ha4YeHHs (pakTopiB 3a YMOBU
MiHIMi3aLil  TemnepaTypu  BUXIOHOrO  MEPBUHHOrO

MOBITPSIHOrO MOTOKY tout = 14,5 °C (pi3Hi nnowwi
OTBOPIB) tout = 16,5 °C (ogHakoBi MnoLli OTBOpIB)
cknagatotb tn = 20 °C, Xin = 5 r/kr, Qin = 100 m%/rog,.
"padpiuHa iHTepnpeTauis ekcnepumeHTansHux (1), (2) i
TEOPETUYHOI 3arexXHOCTEN NpeaCcTaBrieHi Ha puc. 5.

[oul- oC T T T ™

181 b

17} : ]

16_ : : -~

I5F i ]

14} ]

100 200 300 100 Q,, M¥/rox
I Opnnaxosi nioui oTBopiB (excrt.)
B Pizni nnomi oTopis (excr.)
B Pi3ni muiowy otBopis (Teop.)

Puc. 5. 3anexHicTb TemnepaTtypu BUXigQHOro

NOBITPAHOro NOTOKY tout Big Temnepatypm tin,

abcontoTHOI BONOrocTi tin i BUTpaT Qin
BXiAHOrO NepBMHHOrO NOBITPAHOrO NOTOKY Ha
BMYCKY B Tennoo6MiHHUK
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HaouHui aHanis puc. 5 no3Bonsie 3pobutn
BMCHOBOK uono JOTUYHOCTI pesynbTaTiB
YncernbHOro MOZEMOBAHHSA Ta
eKcrnepuMeHTanbHUX gocnigkeHnb. MiaTBepaKeHHs
LUbOMY € pO3paxOoBaHWA KpuTepin kopensauii
MipcoHa, akun cknagae 0,93. Takox MopiBHIOKYM
3aneXHOCTi ANs OAHAKOBUX i Pi3HUX MMOLY, OTBOpIB
MiX KaHanamv BMAHO, IO TeMnepaTtypa BUXigHOro
NOBITPAHOIO MOTOKY € OinblUOK ANA OOHAKOBMX
nnow, Wo CBiAYMTb MPO MeEHLWY e(EKTUBHICTb
TennoobMiHHMKa.

Mpn  ubOMy  pisHMUA  TemnepaTypu
BUXiAHOrO MNEPBUHHOrO MOBITPAHOrO MOTOKY 3a
O[HAKOBMX 3Ha4yeHb dakTopiB cknagae 1,1-4,2
°C. Ona 6inbw TOYHOI OUiIHKM €edEKTUBHOCTI
BU3HAYMMO KoediLieHT TennoBoi epeKTUBHOCTI Nt i
edeKTNBHY X0NoAoNpPoaYKTUBHY MOTYXHICTb NE.

3a pesynbTtatamm  00OpoGKM  gaHUX
OTpUMaHI pPiBHSHHSA perpecii Apyroro nopsaky ans
KoedilieHTa TennoBoi edeKTUBHOCTI Nt Big
dakTopiB AOCHiKEHD.

BpaxoBytoun 3HaYyLUi KoediuieHTn
perpecii | npoBiBWW pPO3KOAYBAHHS  PiBHSAHb
perpecii OTPUMYEMO 3anexHoOCTi koediuieHTa
TennoBoi  edpekTMBHOCTI Nt Big  dakTopis
OOCTioKeHb:

— OOHaKOBi NNOLLi OTBOPIB MK KaHanamu
TennoMacoobmiHHUKa

nt = 0,130118 — 0,000897065 Qin +
1,0451-106 Qin? + 0,0147258 tin + 3)
+0,00878477 Xin;

— Ppi3Hi nnowi OTBOpIB MK KaHanamu
TEennomacoobMiHHMKa

nt=0,277886 — 0,00113822 Qin +
1,27045-10-% Qin? + 0,0132164 tin + 4)
+ 0,00679964 Xin.

OnTManbHi 3Ha4YeHHs hakTopiB 3a YMOBMU
Makcumisauii koedilieHTa TennoBoi epeKTUBHOCTI
nt = 0,70 (pi3Hi nnowwi oTBopiB) nt = 0,65 (ogHaKoBI
nnoLui oTBOpIB) cknagatTb tin = 32 °C, Xin = 15 r/kr,
Qn = 100 wm3rog. [padiyHa iHTepnpeTauis
ekcnepumeHtanoHux (3), (4) | TeopeTuyHoi
3arnexHocTen npeacTaBreHi Ha puc. 6.

CTaTUCTMYHMI aHani3 3a3Ha4YyeHnx piBHSAHb
B  JocnigpkyBaHoMy  fdianas3oHi  BapitoBaHHA
nokasas, WO KpuTepii KoxpeHa cknagae G(3) =
0,3089 i G(4) = 0,1588, wo MeHwe 3a Tabnu4yHe
3HayeHHs Goos(2; 15) = 0,3346.

BignosigHo «kpuTepin ®iwepa cknagae
F(3) = 1,6257 i F(4) = 2,1260, wo meHwe 3a
TabnuyHe 3HaveHHs Foos(10;30) = 2,16. Le
NigTBEPOKYE aAEeKBATHICTb OTPMMAHOI MoAeri.

ma mexHorsoegissx
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El Onnakosi miowti oTBOpIB (eKcrt.)
B Pisni niomi oteopis (excr.)
B Pi3ni nuomy oTBOpiB (TEOp.)

Puc. 6. 3anexHicTb kKoediuieHTa
TennoBoi e(heKTUBHOCTI N: Big TemnepaTtypm tin,
abcontwTHOi Bonorocti tn i BuTpatr Qin
BXiAHOro NepBUHHOro MOBITPAHOrO NMOTOKY Ha
BMYCKY B TEMJI0O0O6MiHHUK

AHanigytoun rpadikm  puc. 6, MOXHa
3pobuTM BUCHOBOK MPO BiANOBIAHICTE pe3ynbTaTiB

yucernbHoOro MoentoBaHHS Ta
eKcrnepuMeHTarnbHUX OocCrigXeHsb. Lie
nigTBEPOXYETLCS BVCOKUM 3HaYeHHaM

koedpitieHTa kopensuii [lipcoHa, Skunm cknagae
0,94. Takox, MNOpPIBHIOKYM 3anexHOCTi Ans
BapiaHTy BMKOHaHHS i3 Pi3HUMU NNoLaMn OTBOPIB
MDK KaHanamu i3 BapiaHTOM 3 O4HaKOBUMU
OoTBOpaMn, BMAHO, WO KoediuieHT TennoBoi
e(EeKTUBHOCTI Nt € OiNblMM Yy BUMNAAKy Pi3HUX
nnow, OTBOpiB, WO CBigYMTbL nNpo  GinbLuy
e(EeKTUBHICTb  TennoobMiHHMKa.  PisHuus y
3Ha4YeHHAX KoedilieHTa TennoBoi ePeKTUBHOCTI Nt
npy OOHAKOBUX 3HaYeHHAX (hakTopiB CTaHOBUTL
mix 0,023 go 0,065.

BpaxoBytoun 3HauvyLi KoeilieHTn
perpecii i nNpoBiBWM PO3KOAYBaHHA PIiBHAHb
perpecii  OTPUMYEMO  3arexHOCTi  edEeKTMBHOI
XOMnoAonpoAayKTuBHOI NoTyxxHocTi Ne Big dakTopis
JocnigxeHb:

— OJHaKOBi MNOLLi OTBOPIB MiX KaHanammu
TennomacoobMiHHMKa

Ne = 0,824439 — 0,00396358 Qin? + (5)
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8,92401 tin + 1,35502 Qin —
—0,0100761 Xin Qin — 2,72629 Xin;
— Ppi3Hi nnowii oOTBOPIB MK KaHanamm
TennoMacoobmiHHUKa

ma mexHorsoegissx
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notyxHocTi Ne = 426 BT (pisHi nnowi otBopiB) Ne
= 380 BT (ogHakoBi nnoLli oTBOpPIB) ckNagatoTb tin
=32 °C, xin = 5 r/kr, Qin = 169 M3/ron.

MpoBenemMo nepeTBOPEHHSI TEOPETUYHOrO

Ne = 176,018 — 0,00389185 Qin? + PiBHSAHHSA aong nabopartopHoro 3paska
5,44927 tin + ©) TENnoobMiHHMKa
+ 1,087 Qin + 0,010645 tin Qin — 0,0221228 (Vi =2 % 155 Mm x 283 MM x 283 MMm) 3
Xin Qin — 7,03267 Xin. ypaxyBaHHAM BTpaT NOTYXXHOCTi Ha
OnTumanbHi 3Ha4YeHHs1 akTopiB 3a YMOBU  MepekadvyBaHHs NOBITPSA y TakWUiA BUNSA;:
Makcumisauii  e(eKkTMBHOI XONno4oNpPOoAYyKTUBHOT
Ne = 84,1095 — 120,429 I;" 2—-0,00406661 Qin? + 8,34837 tin —
—0,0163167 tin® + 1,35371 Qin + 0,00386724 Qin tin —
—0,0170395 Qin Xin + 90,9639 |;" —0,166351 Qin I‘)’,V —1,40764 tin |;’,V + )
+ 0.533205 Xin I‘)’,V —1,54338 xin — 0,225029 tin Xin + 0,0979675 Xin?.
padivyHa iHTepnpeTauia B JOoCnigXyBaHOMY  [Aiana3oHi  BapitoBaHHS
ekcnepumeHTtansHux (5), (6) i TeopetuyHoi (7) nokasas, wo Kputepin KoxpeHa cknagae G(5) =
. IT - 0125 0,1948 i G(6) = 0,1974, wo MeHwe 3a TabnunyHe
sanexwocren  3a - ymosi y B ’ 3HayeHHs Goos(2; 15) = 0,3346.

npeacTasneHi Ha puc. 7.

N;, BT T T T T
o= e ]
300f i ]
2001
100

0 -
100 200 300 400 Q,, m¥rox
] Onnaxosi niowi oTBopis (ekcr.)
B Pizni mmomi otBopiB (excr.)
B Pi3Hi mnow orBopiB (Teop.)
Puc. 7. 3anexHictb edeKkTUBHOI
XOnoAonpoAyKTUBHOI  noTyXHocTi Ne  Big

Temnepartypm ti,, abconoTHOI BOMOrocCTi ti, i
BUTpaT Qi BXiAHOro NepBMHHOrro NOBITPAHOro
NMOTOKY Ha BMYCKY B TEMNJIO0OOMiHHUK

CTaTUCTMYHMI aHani3 3a3Ha4YeHnx piBHSAHb
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Takox kputepin ®iwepa cknagae F(5) =
2,1941 i F(6) = 1,9020, wo meHwe 3a TabnuyHe
3HadeHHa Foos(8;30) = 2,27. Ue niaTBepaoxye
afeKBaTHICTb OTpUMaHOI Mmogeni.

AHanisytoun rpadpikm  puc. 7, MOXHa
3p0o6MTN BUCHOBOK MPO BiAMOBIAHICTb pesynbTaTiB
4YncernbLHOro MOAentBaHHA Ta
ekcnepuMeHTanbHmX JocrnigxeHsb. Lle
niaTBEpPOXYETbCS BMCOKUM 3HaYeHHAM
koedpitieHTa kopensuii [lipcoHa, skunm cknagae
0,92. Takox, MNOpPIBHIOWYM 3anexHOCTi Ans
BapiaHTy BMKOHAHHSA i3 Pi3HUMM NNoOLLAMN OTBOPIB
MDK KaHanmamu i3 BapiaHTOM 3 OAHaKOBUMU
oTBOpaMu, BUAHO, o edeKkTMBHa
XOMnoAonpoAayKTuBHa noTyxHicTb Ne € BinbLioto y
BUMaAKy Pi3HMX MOL OTBOPIB, WO CBigYUTbL NPO
Ginbly edeKkTUBHICTb TENNOOOMIHHUKA. Pi3Huua y
3Ha4YeHHAX  edeKTMBHOI  XOroAonpoayKTUBHOI
notyxxHocTi Ne npuM  OOHAKOBUX  3HAYEHHSX
dakTopiB cTaHOBUMTb MK —-36 BT pgo 44 BT.
HaouHnin aHania nokasye, WO MakcumanbHe
3HayeHHs edekTnBHOI NoTyHOCTI Ne gocsraeTbes
npu 3HayeHHi BUTpPaT NOBITPSIHOrO MOTOKY Qin =
169 m3/rog.

BucHosku. 3a pesynbTatamm
eKcnepuMeHTanbHUX JocrnigkeHe nabopaTtopHoro
TennoobMiHHMKa no6ivyHo-BUNapHOro Tmny
OTPUMaHO 3anexHoCTi TemnepaTtypu BUXiQHOMO

NepBMHHOrO MNOBITPSHOrO MOTOKY, KoedilieHTa
TennoBol edeKkTMBHOCTI Nt Ta edeKTUBHOI
X0NoJonpoAyKTUBHOT NOTY>KHOCTI Ne Big

TemnepaTypu NepBMHHOIO MOBITPSHOrO NOTOKY Ha
BMycKy tin, MOro abcontoTHOI BOMOrOCTi Xin i MOrO
BUTPAT NOTOKY Qin.

AHanisyroun oTpuUMaHi 3arnexHocCTi MOXHa
3po6uTK BMCHOBOK oo BiANOBIAHOCTI
pesynbTaTiB  4YMCENBHOTO  MOAEroBaHHA  Ta
eKcrnepumeHTarnbHuX OOCNiKEHD, Lo
niaTBEPOXKYETLCH BMCOKUM 3HaYeHHAM
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KoedilieHTa kopensauii [lipcoHa, skunM cknagae
0,92-0,94. OnTumaneHi 3Ha4veHHHA ¢akTopiB 3a
YMOBM Makcumisadii e EeKTUBHOT
XOMNoAoNPOAYKTUBHOT MNOTYXHOCTI Ne 426 Bt
(pisHi nnowi oTsBopiB), Ne 380 BT (ogHakosi
nnowi otBopis) cknagatoTb tin = 32 °C, Xin = 5 r/kr,
Qin = 169 m3/roa.
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EXPERIMENTAL STUDIES OF THE AIR HEAT
EXCHANGER OF THE SIDE-EVAPORATION
TYPE

Over the past two decades, many new
devices based on renewable energy have been
introduced for heating purposes: new heat
recovery units, heat pumps, solar systems and
many others

However, no devices based on renewable
energy sources have been widely applied in the
field of cooling until now. This poses an important
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scientific challenge for researchers worldwide. A
new solution that can solve the above-mentioned
problems is direct and indirect air cooling through
evaporation. Evaporative air coolers use the
cooled heat of water evaporation to provide
cooling and are less dependent on fossil fuels,
they also feature a significantly higher conversion
factor compared to mechanical compression
systems. A higher transformation coefficient shows
that the considered devices are able to reduce a
significant part of the energy consumption used for
air conditioning. One of the best methods for
achieving very low temperatures with indirect
evaporative air cooling is a new thermodynamic
cycle known as the Maysotsenko cycle (M-cycle).
Air heat exchangers of the indirect-evaporative
type based on the Maisotsenko cycle have a
higher transformation coefficient, so it is advisable
to use them for cooling livestock premises.

The creation of workable and cost-
effective designs of air heat exchangers (heat
utilizers) for livestock premises, which can be
aggregated with a set of ventilation equipment, is a
complex scientific and engineering task.

According to the results of experimental
studies of the indirect-evaporative type laboratory
heat exchanger, the dependences of the
temperature of the output primary air flow, the
coefficient of thermal efficiency and effective
cooling capacity on the temperature of the primary
air flow at the inlet, its absolute humidity and its
flow rate were obtained. Analyzing the obtained
dependencies, it is possible to draw a conclusion
about the correspondence between the results of
numerical modeling and experimental studies,
which is confirmed by the high value of the
Pearson correlation coefficient (0.92-0.94). The
optimal values of the factors under the condition of
maximizing the effective cooling capacity NE = 426
W (different areas of the holes), NE = 380 W (the
same areas of the holes) are tin = 32 °C, xin = 5
g/kg, Qin = 169 m3/h.

Key words: microclimate, heat
exchanger, temperature, ventilation, air, flow,
injection, factor, modeling, heat transfer, livestock
premises, power.
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