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TEMJIOEHEPIETU4YHI YCTAHOBKU

MOBUTbHI AKYMYNATOPU ONA AUNCKPETHUX CUCTEM TEMNOXONOAOMOCTAYAHHA.
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TexHomorist 30epesKeHHsT TerIOBOL
eHeprii € MepcrneKTUBHUM HaNpsIMKOM
A8 CYYacHMX CHCTEM TeIJIOXOJIONO-
nocrayaHusi. Y Wil poOOTI TIpuBeneHi
METOAM  pO3paxyHKy TeruioMaconepe-
HOCY, pe3yJbTaTH eKCIEePUMEHTAIbHIX
MOCIHIKeHb 1 3pO0JIeHI BWCHOBKU TIPO
E€KOHOMIUHY JOIUIBHICTE 3aCTOCYBAHHS
PI3HUX PEUYOBHH JIJIsl CTBOPEHHSI MOO1TbHUX
TEMII0aKyMYJISITOPIB.

TexHosornsi COXpaHeHUs! TEMJIOBOH
9HEPIUM SIBJISIETCS TEPCNEKTUBHBIM Ha-
NpaBJIEHUEM Il COBPEMEHHBIX CHUCTEM
TennocHaoxeHus. B naHHoi paborte mnpu-
BEJIEHbl METO/bI pacyéTa TenIoMaccore-
peHoca, pe3ylbTaThl IKCNEePUMEHTAIBHbBIX
MCCJIE/IOBAHUIA ¥ CIETIaHbl BBIBOJIbI 00 9KO-
HOMHMYECKOW LENeCOOOPA3HOCTU MpUME-
HEHUs Pa3JIMYHBIX BEILECTB JJISl CO3[AaHUs
MOOWIIBHBIX TEINIOAKKYMYJISITOPOB.

Technology of conservation of
thermal energy is perspective direction for
the modern systems of thermal and cold
supply. To hire the methods of calculation
of transfer of warmth and mass, results of
experimental researches, are driven and
drawn conclusion about financial viability
of application of different substances for
creation of mobile thermal accumulators.

Bi6ua. 8, puc. 6, Tabun. 1.
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€, €, — TIATOMA teruioemHicTe TAM B TBepyioMy Ta

panOMy craHi, KJ[x/krK;

C,, — cepejiHst TeMIOEMHICTE TBEP/IOi (hasu MK 7,17, ,
kJIx/kr-K;

C,, — cepenns TEMJIOEMHICTD PIIKOT (hasu MixX 7 1 1
BJ /(kg - K);

0,1 Q, - Temora Tpancgopmalii eHeprii Bij Jpkepea
Termmotn 1o TAM;

E — excepris 3apsKu;

E - eKCeprist PO3psIKY.

f — dpaxuis po3mnnasy;

Ah on — ITOMA TEIJIOTA (abo entanbmisi) hazoBOroO nepe-
xony, KJIx/Kr;

Ag — npuxoBaHa TenoTa MIaBIeHHs, B [IXKOYJIb/KT;

1, 1, — IOYATKOBA T4 KiHI|eBA TEMIIEPATypa HarPiBaHHs!
TAM K;

1. Bcmyn

IIporHosyeTbest, mo B 2040 poui CIIO>KNBAHHS IEPBUH-
HOT eHeprn B cBiTi Bupocte Ha 48%. Ininiatuea OOH mno
CTIlKii1 eHepreTHlli TOCTaBUIA [I00aTIbHY METY — 301TbIINTH
no 2020 poky o 30% poyit0o BUPOOHUITBA MOHOBIIIOBAHOT
EHepril y pamMkax rio0anbHOI CUCTEMU €HEPrornoCTavyaHHsl.
[IBuako 3pocTaroya posib MOHOBJIIOBAHUX JKEpelsl eHeprii
HalaCTh LIMPOKi MOXKIMBOCTI sl POSIIMPEHHS yCiX ra-
Jyseil IPOMUCIIOBOCTI y BChOMY cBiti. HepiBHOMipHiCTb
CTNOXKMBAHHSI, a y Psiil BUNAJKIB 1 HAXOJLKCHHSI TEMIOBOT
eHeprii, HampuKiIaj, TPU BHUKOPUCTAaHHI MOHOBJIOBAHMX
IPKepeJl eHeprii, MPU3BOAUTD 10 HEOOXITHOCTI 3aCTOCYBAHHSI
TEMJIOBUX aKyMYJISITOPiB. 32 OLiHKaMM eKCrepTiB, B €Bponi

T, — Temneparypa casosoro nepexony TAM, K;

¢t — Temneparypa joBkins, K;

{ —Temreparypa miasienss, B °C;

T —4ac;

Us; As — koeillieHTH TemoBrx BTpaT mKkepena i MTA;
m —Maca TAM, kr;

M, — KKJI cucremu akymyisii;

H, — ekcepreriynunii KK/I 3apsiiku akymyJisitopa;

E[p — ekcepretnunnii KKJI po3psjiku akymynstopa;
H, —exceprernunmii KK]I akymynsuii;

JICO — nuckpeTHa cucTemMa onajeHHs/0XOJIOKEHHSI;
MTA — MOGUIbHUI aKyMYJISITOP TEIJIOBOT €HEPrii;
KK]I — koedilieHT KOPUCHOT [il;

TAM - TennoakyMyJIOI04ni MaTepia;

PCM — MaTepian 3 (pa30BUM NEPETBOPEHHSIM.

MOXHA eKOHOMUTH Oiu3bko 1.4 man. I'BT-rop eneprii 3a
pik i ckoporutn Ha 400 miH. T Bukugu CO, 3a paxyHOK
LIMPLIOrO BUKOPHMCTAHHSI aKyMYyJISITOpiB Temna i X0Jofy .
AKyMyJIsiIIisl TETJIOTH IIUPOKO BUKOPUCTOBYETHCS JJISI CH-
CTEM ONAJIIOBAHHS 1 rapsiuoro BOAONOCTAYaHHS, 30epiranHs
XOJIOly MOKe OyTM BUKOPUCTaHE HA BEJMKUX 3aBOJIax.
XO0JI0/iHI CXOBHMIIIA BUKOPUCTOBYIOTHCSI HE JIMLIE JJIsl OTPU-
MaHHsSI €EKOHOMIYHMX MepeBar, TaKuX sIK 3HUKEHHS] BUTPAT
Ha CJIEKTPOCHEPTitO (B C/IEKTPHYHIX KOMIPECIAHIX THILIe-
pax), ajie TakoX 1 [J1s1 3HM>KEHHSI BCTAHOBJICHOT TOTY>KHOCTI
OXOJIOJPKEeHHSI 1 3a0e3neveHHs Oifblll 6e3nepepBHOT poOOTH
XOJIOIUIIbHUX MAlIVH.

[To inTepBany poOouMx TeMneparyp TEIUIOBI aKymy-
JSTOPU MOXKHA PO3AIMTU HA 4 rpymu: 1) auist akymyJisiuii
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TEMNNOEHEPIETUYHI YCTAHOBKW

xomogy — 7...20 °C; 2) nusekoremreparypui — 20...
200 °C; 3) cepepnboremnepatypui —  200...500 °C; 4)
BUCOKOTeMnepaTypHi — Oinbie 500 °C.

Haii6inpln mmpoke 3acTOCYBaHHSI 3HAWILIIM HU3BKO-
TEeMNEepaTypHi TEMJIOBI aKyMYJISITOPU, BUKOPUCTAHHS SIKHX
TMOB’s13aHe 3 CUCTEMAaMU KUTTE3a0e3MeUeHHs! JIFOIUHU, KO-
JIOTIYHO YHWCTUMHU Croco0amMy BUPOOHMITBA €Heprii Ta
ONTUMI3ALI€I0 CIIOKMUBAHHSI €Heprii. BI/IKOpI/ICTaHHSI TenJIo-
BUX aKyMYJISITOPIB /17151 BAPOOHHMLITBA XOJIOAY MOB’SI3aHO 3
HEOOXIi/IHICTIO 30epiraHHsl Xap4yoBHX MPOAYKTIB i Mejmud-
HUX TKaHWH, Y TOMY YMCJi B YMOBax TPaHCIIOPTYBaHHSI.
CepenHbO- Ta BUCOKOTEMIMEpATYpHI TEMIOBI aKyMyJIs-
TOpPY TOKM HI0 HE 3HAWIIIM IIMPOKOrO 3aCTOCYBAHHS B
MPOMHUCJIOBOCTI. 3aCTOCYBaHHSl CEpEHbOTEMIIEpaTypPHUX
TEMJIOBUX aKyMYJISITOPIB MOB’S13aHO B OCHOBHOMY 3 €Hep-
reTUYHUMH YCTAaHOBKAMM 1 CUCTEMAaMHM yTHJIi3aLil TeMIOTH.
BucokoTtemnepaTypHi TEIUIOBI aKyMyJIITOPYA MOXYTh 3HaM-
TH 3aCTOCYBaHHS B METAYPril Ta EHepreTuLi.

Pa3oM i3 cranioHapHMU aKyMyJIITOPaMU HaMU 3arpo-
NOHOBAHO BUKOPUCTAHHS MOGIIEHUX aKyMYJISITOPIiB TEMJIOTH
Ta 3alPONOHOBAHO HOBY JJUCKPETHY CUCTEMY TEILIO-XO0JIO/I0-
noctadanns (JJCO) [1,2]. [IpoTe, 1o TenepilHbOro Yacy He
BUpIllIeHa HU3Ka BaXKJIMBUX MIUTaHb, TIOB'SI3aHUX 3 BU3HAYEH-
HM napameTpiB MTA. Y 3B's13Ky 3 UM f1y>Ke aKTyaJbHUMU
€ IOCITIJI>KEHHSI BUOOPY aKyMYJIIOIOUMX PEYOBUH, METO[MKU
NPOBEJICHHSI PO3PaxXyHKiB 1 €KOHOMIYHOTO OOIPYHTYBaHHS
3acTOCyBaHHsl HOBOI cucTeMu Temsionoctadants JCO.

MoKIMBICTb aKyMyJISIL{T TENJIOBOT eHEPril IPYHTYETHCS
Ha BUKOPUCTaHHI (pi3nyHOro abo XiMiyHOTO MpoIecy, Mo-
B'sI3aHOT'O 3 IOTJIMHAHHSIM 1 BUJIIJICHHSIM TeTIoTH. J10 OCHOB-
HUX TaKHUX MPOLECIB BiTHOCATHCS HAKOMUYCHHSI/BUiICHHS
BHYTPIIIHBOI €HEPril Py HarpiBi/OXONOKEHH] TBEPANX a00
piakux Tis, pa3oBi Nepexofu 3 NOTrJIMHAHHSM/BUJIIICHHSIM
MPUXOBAHOI TEIIOTH, NMpoLeC copOwii/ecopouii abo 06o-
POTHa XiMiUHa PEaKIlisi, O MPOTIKAE 3 BULICHHSIM/TIOTIIN-
HaHHSM TermyioTu. BigMiueHi npouecy peasntizyroThCsl B Crie-
LialbHUX TPUCTPOSIX — aKyMyJsiTopax TeroTu. Bonu fo-
3BOJISIIOTH 3HMXKYBATH EHEProOBUTPATH 3aBJSKM BUKOPH-
CTaHHIO AJILTEPHATUBHUX JI>KEpeJl eHepril abo MiIBULLECHHIO
e(peKTUBHOCTI POOOTH HASIBHOIO EHEPreTMYHOro YCTaT-
KyBaHHSI Ta CUCTeM Teronoctadanns [3]. Merta po6oTu
MOJISITa€ Y BCTAHOBJIEHI NT€OMETPUYHMX XapaKTEPUCTHK Te-
MJIOBOr0 akymyJisitopa Ta Binoopy TAM B 3anekHOCTI Bif
oro TemnoizuyHMUX BIACTUBOCTEN.

2. Mamemamuyune mMo0eaAr06aHHA.

KinbKicTh akyMyJIbOBaHOT TEMJIOTH O€3M0CcepeHbO 3a-
JIEKUTH Bifl TETJIO(I3UYHUX BJIACTUBOCTEN TEIIIOAKYMYJTIO-
FOUOro Marepiaiy Ta Moxke OyTu onucaHa hopMyJIoko:

Q=c, m (tf —1)+ Ahcbn m+c,m (t, - Tqm) . (D)

JICO BukopuctoBye TemnoeMHicTb TAM i 3MiHy TeM-
nepaTypu TEMJIOHOCIS B NMpoueci 3apsiKu/po3psaku. Y 3a-
rajbHOMY BUIJISII KUIBKICTh 30€peXKeHOi TEeIIOTH, 3alie-
SKWTBH Bij] MTUTOMOT TetmioeMHOCTI TAM, pizHulli Temmeparyp
i Macu MaTtepiainy.

Y piBHsHHI (2) HE BpaxoBaHi TepMivHi OMOPH MOBEPXHi
TeMJI000MiHY 1 TerIoBiaui 3 OOKYy TEIUIOHOCIS, 10 Y
O1/IBLIOCTI BUMAJIKIB LJIKOM NPUAHSITHO [4].

0= fttifmcp dt =mey (tr—t) . (2)

JlocnijipKeHHIO MUTaHb, MOB'SI3aHMX 3 SIBUIIEM CTpaTH-
ikanili Bogu B aKyMYJSITOPHUX Oakax MNPUCBSYEHI pobo-
T Garatbox 3apyOikHMX ydeHuX. [5]. BusiBieHo, mo xa-
PaKTepUCTUKA YCTAHOBOK, OTPWMaHi TPU BUKOPHUCTAHHI
Moyiesiein Oe3 ypaxyBaHHS cTparudikaiii, MOXYTb ic-
TOTHO Bifpi3HaTUcs. Lli BiAMIHHOCTI CTalOTh OLIBII $IB-
HUMU TIpU NEPEeXOfi BiJ OJHOCEKUIAHOro 6aky 3 MOBHUM
NepeMilllyBaHHSIM BOJU 10 IBOX- 200 TPbOXCEKLIAHOro 6aKy.
Y cucremax oOnajOBaHHS 3aCTOCYBaHHSl cTpaTuikauii
MO3BOJISIE TABUIIMTH [OJI0 BUKOPHUCTAHHS €HEeprii Ha
2...12 %, a nnsi cucTeM rapsyoro BOJIONOCTAaYaHHs, HATPiBy
1 KOHJUIIOHYBaHHSI TOBITPSl MifIBUIICHHS €(EeKTUBHOCTI
30epiraHHsi eHeprii B akyMyJIsiTopi MiABULLYEThCSI HA 5...15%
[6]. [Tpn BukopucTanHi B sikocTi TAM BOIHUX pO3UMHIB,
3a BijicyTHOCTI cTparnudikanii B 06'emi MTA, KibKicTh

3aKyMYJILOBAHOI eHEeprii BWU3HAYAETHCS MO HACTYIHIHN
dopmyi:
0= me, Ahqm. 3)

Bananc eneprii 3a BiicyTHOCTI cTpaTudikaiii BEMHOCTI
BUIIIS/IA€ HACTYITHUM YHHOM:

me, dt /dr=0Q - Q, - UsAs(t, —1t). 4)

Ilicna 3HaxomkenHs Temnepatypu B TAM, Moxk-
Ha OI[IHUTHU IHII 3aJIe>KHi BiJl TEeMIepaTypu NapameTpu.
PiBasiaHsT (5) MOXKe OyTH BHUKOpHCTaHe, 00 BU3HAYUTH
TeMrepaTypy BofgHoro po3uuny TAM sk ¢yHKIio Yyacy.

=t,+ &t/ me, [Q, - Q, — Us As(t, — 1,)]. (5)

PiBHsiHHS (6) MOXe OyTH BUKOPHCTaHE, 100 BUHAUYNTH
aKyMyJIbOBaHY €HEprito /7151 PEYOBHH 3 (Da30BUM MIEPEXO0M
PCM

Q,=me (1, ~1)+fAg+c (T, 1)l (6)

[TpoBenieHi po3paxyHKH MOKA3aJu, 1110 BUILE PUBE/EHI
3aJIeSKHOCTI Tal0Th XOPOIIUil 30iT 3 eKCIepUMEHTATbHIMEI
MaHUMHU i MOXYTb OYTM BHUKOPHCTaHi JIIsl MPOEKTYBaHHS
MTA. Hanpuknan, ans akymynsuii 1,0 MBrrop temmo-
THU, B Jllana3oHi poOOYMX Temneparyp 90/60 °C, HeoOXiJJHO
29,7 M 61Luocp1Ty (MgCl, 6H O) 28,7 M’ Bogu (H,0) Ta
17,4 m® Tpurifpary anerary Harpito (CH,COONa) (pI/IC 1).
Takum ynHOM, B €MHOCTI 06°eMoM 10 M% B 3aJIEKHOCTI BIj]
NUTOMOI TEIJIOEMHOCTI MOKe OyTH aKyMyJbOBaHO, TpH
BUKOPUCTaHHI Boiu Ta Oiwodity 6mu3bko 360 kBT ron
TEIUIOTH/XOJIONly, & TP BUKOPKMCTAHHI TPUTipaTy auera-
Ty HaTpiro 1o 620 kBTTon. HeobximHo BpaxoByBaTH, IIO
TEIUIOBI BTPATH B MPOLECI aKyMYJIsILiT TEMIOTH MOXYTb Csi-
ratu 25%.

3. Tenaoaxymyaroroui mamepianu 0as
Husbxomemnepamypuux MTA ma memoou 00caiodiceHs.

Po3po6ka KOHCTPYKILiT Ta BIPOBA/>KEHHS Y BUPOOHUIIT-
BO HOBiITHIX MTA facTh 3MOTy BUKOPUCTOBYBATH TEIJIOTY,
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Puc. 1. 00’°em akymynwrwuoi pewosunu neo0Xionuit 0ns
axkymynauii 1,0 MBm-200 meniomu/xo100y.

Ky ofiep>kaHo 3 BigpaneHux Bij Croskupaua JikKepes Termio-
TH, a caMe: FeOTepPMAIbLHUX JIKepes, KOTIIB-yTUIi3aTOPiB
NpaLOIOUMX HA BIAXOJAaX BUPOOHMLTBA, TOOYTOBOMY CMITTI
Ta MICIIEBUX BUJ]aX MayimBa. Bce 11e HampaBieHo Ha eKOHOMIO
TPAIUIIMHIX OPraHiYHUX MAJNB, 3aXUCT BITUM3HSHOTO Ma-
IMHOOY/IIBHOTO PUHKY, MIiBUILIEHHSI HAJIHOCTI i eHepro-
e(eKTUBHOCTI POOOTH MICBKHMX CHCTEM TeNJIoNnocTayaH-
HS, 3MEHILICHHS LIKIIMBUX BUKUJIB B aTMOCepy MOBITpPs
Towo. Ha ocHOBI OTpuMaHKX eKCHepUMEHTAIBHUX Ta PO3-
PaxyHKOBUX IaHMX MM IUIAHYEMO PO3POOMTH TEXHiuHI 3a-
XOfI IIOJI0 HOBOTO CIOCOOY TPAaHCIOPTYBAHHS TEIJIOBOT
eHeprii. Bubip TAM nns MTA oOmexkeHUil caHiTapHUMU
1 TPOTHUIOXKEXKHUMU HOpMamu, o0'eMHOI0 Baroro TAM,
TOKCUYHICTIO 1 KOPO31HOIO aKTUBHICTIO, /11alla30HOM BUKO-
PUCTaHHSI TEMIEPATyp, LWIUIBHICTIO aKyMYyJIsiil (MMTOMOIO
TETUIOEMHICTIO) TEIUIOBOI €Heprii, BapTiCTIO MarepiainiB i
YMOBaMH eKCIuTyaTarlii.

3a cnoco6oM HAKOMWYEHHS! eHeprii MOXKHa BUJILIUTH
TPU TUIM TEMJI0AKyMYJIIOIOUMX MaTepiaiiB: 3 OfiHO(a3HUM
TAM — HakonmuueHHsI BiI0YBA€TbCS 3a PaxyHOK TeIIO-
€MHOCTI MaTepiainy; 3 ¢azonepexiqaumu TAM — BuKopu-
CTaHHSI MPUXOBAHOI TEIUIOTU (Pa30BOrO MEpexopy "TBepe
TiJI0 — piguHa" 260 "piguHa — napa"; 3 XiMiYHO 060POTHUMHU
PeaKIuisiMi — HAKONUUYIOTh TEMJIO IUISIXOM BUKOPHCTAHHS
XIMIYHMX NEPETBOPECHb B PE3yJIbTaTi GE3I0BOPOTHOI peaK-
i1 B HEPIBHOBAXKHOMY CTaHi.

Haii6inbime mommpennst B sikocti TAM B eHepreTuii
orpumara Bofa. ITpore, po3mipn TakmX aKyMyJISITOpIB 3aBe-
JIKi 33 PaXYHOK HU3BKOI IMUIBHOCTI aKyMyJIsiiii TerIoTH.
Binbur BUCOKA IIIIBHICTL aKyMyJIsiilii eHeprii A0CSraeThest
npu 3actocyBaHHi TAM 3 ¢a3oBum nepexopgom PCM.
Eneproemuicte akymynsnii PCM HabaraTo BuIla 3a paxy-
HOK TEIIOBOro e(peKTy MpHu 3MiHI arperatHoro crasy. s
CHCTEM TEIUIOTIOCTAYaHHS HalOUTBIII IIMPOKE 3aCTOCYBAHHS
OTpUMAJIM MaTepialli, siKi 3aCTOCOBYIOTBCS TPH POOOUMX
TeMNepaTypax 1o 120 °C. Le xpucTanoriipati Heopra-
HIYHUX 3'¢JHAHb I Jesiki opraHiuni cnonyku (napachin,
SKUPHI KUCTIOTH Ta iH.). KpucranorigpaTyl 1MpoKo nommpeHi
B NPUPOAi 1 CTaIM 00'€KTOM UKMCIEHHMX AOCHiKeHb. BoHM
MatOTh BIJHOCHO BMCOKI 3HAYEHHS! MMTOMOI TEMJIOTH IJIaB-

JIeHHSl T iHII 3a[0BiJIbHI TemIo(i3uyHi BIACTUBOCTI, MPO-
Te, 1X TOJIOBHUM HENOJIKOM € HEeCTaOiNbHICTb (Pi3UKO-
XIMIYHMX BJIaCTMBOCTEH B pe3yJbTaTi OaraTOKpaTHUX
LUKJB TUTaBJeHHS-KpucTamizanii. da3oBi mepexomu mpu
OXOJIOIPKeHHI BiTOyBAIOTHCSI 3 CYTTEBUM TIEPEOXOJIOfI-
kenHsiM TAM, TakoK crocTepira€eTbCst po3fijieHHsT a3
1 KpUCTaJNOTiApaT, I0 TOTO K, MAIOTh HEBEJUKUN pecypc
po6otu. [lepeBaru i HEOMIKM OPraHiYHOrO 1 HEOPraHiYHOTO
PCM npugeneni B po6ori [7].

IIpu pocmimkenni BnactuBocTeit PCM Hamm BUKOpU-
CTOBYIOTHCS HATPIf ONTOBOKMCIMH (ameTaT HaTpito, E262)
— HeoprauiuHa pevyosnHa (CH,COONa) y Burisiai 6isof
FIrpOCKOMIYHOT HOpOIHKOHO)Il6H01 MacH, IO CKJAIAEThCs
3 6e30apBHMX MOHOKJIHHMX KpucTamiB. Lleit mponykT mae
LIMPOKUI CIEKTP 3aCTOCYBaHb. BiH — HEroproumii, MaoTOK-
CUYHUIA, 3arpo3u IS JIIOICBKOTO OpPraHi3My He CTAHOBUTb.
Y Bofli po3uMHSIETBHCS Yy cmiBBigHOMmIeHHI 76 1/100 Mut; B
edipax i cnupTax po3uMHeHHs1 He3HauHe. CuibHE Harpi-
BaHHs (HOHaII 324°C) NPUBOAUTD [I0 PO3KJIAJjaHHsl Ha BY-
DIICKUCIIMA HATPil 1 alETOH. ALETaT HATpil0 aKTHBHO
BUKOPHUCTOBYETHCS SIK y GE3BOIHOMY CTaHi, Tak 1 y ¢opmi
Tpuriipaty. Monspra maca 6e3BopiHOI popmu — 82,03 1/
Mok, Tpurigpaty — 136,08 r/mMonb, ryctuna — 1,45 r/em?,
TemnepaTypa niasnenns: — 58 °C. Bapricts 25...50 rpu./kr
(1...2 $/kg).

IuTepec TakoX mpejcTaBisie NPUPOAHUIT  MaTepial
6iwogiT Ta He3aMep3a10q1 TEIJIOHOCIT, 10 CEepiiHO BUITY-
CKalOThCsl Ha Hioro ocHoBi. bimodir (rexcarigpat xmopu-
fly MarHir0) — MiHepa SIKHil IIMPOKO BUKOPHCTOBYETHCS B
HAPOJIHOMY TOCMOAAPCTBI, OYAIBHUUTBI 1 B MejuiyHi. Bin
JIETKO PO3UMHSIETHCS Y BOJl, BIIOBIA€ BUMOram FOCT
28084-89 "PimuHU OXOJIOJXKYBalbHI HM3bKO3amep3aroui'",
He TiuIsirae oOOB'S3KOBil cepTHdikalii. 3acCTOCOBYEThCS
B SIKOCTI TEIUIOHOCISI /7151 aBTOHOMHMX CHCTEM ONAJIFOBAH-
HS 1 TIPOMIXKHOTO XOJIOOHOCIST JJIsI CHCTEM OXOJIOJI’KEH-
Hs. Jl03BOJIsIE eKCmiIyaTyBaTH YCTAaTKYBaHHS B Jiiana3oHi
pobounx Temmneparyp Bif -25 °C go + 116 °C, a Takox
3aXMIIAE CUCTEMY Bijl MOBHOTO 3aMep3aHHsI NP Temrepa-
Typax joBKig jjo -35 °C. BimogiT BUKOPUCTOBYETHLCS B
SIKOCTi TIPOMIKHOTO XOJIOIOHOCISI CYMICHOTO 3 YMJUIEpaMu
3 TIOBITPSIHUM 1 3 BOJIIHMM OXOJIOJIPKEHHSIM, JITISl MOHTAXy
Ha BIJKPUTOMY MOBITPi, CTAHIISIX OXOJIOJXKEHHS rasiB, Te-
IUIOBUX Hacocax. B YkpaiHi BUpPOOISIOTECSI He3aMep3aroyi
TEIJIOHOCIT Ha ocHOBI Oimodity. Bapticte 1000 niTpiB —
6m3bK0 25000...65000 rpu. 3 TIAB (1,0...2,5%/1). Texuiuni
MOKA3HUKH IOCTIIPKYBaHUX PEUOBUH, HaBefIeH1 B Tabmmui 1.

Ha pocnimaomy crenai (puc. 2) Hamm Oyjia TpoBe-
fIcHa Cepisi IOCII/PKeHb B [1ianasoHi poOouMX TemnepaTyp
95/40°C, 6iwodity (MgCl, 6H,0), Bogu (H,0) Ta Tpurinpa-
Ty auerary Harpiro (CH, ¢o 2Na) Monem) aKymyJisiTopa
npejcTaBsie COO0I0 TEN0i30/IbOBaHy MeTaseBy TpyOy fia-
metpom 200 mm, goexuHOr 1000 MM 3 pO3TalIOBAaHOKO B
Hill cripalbHOOpPeOpeHo0 TPyOOr0, MO SIKill LUPKYIIOE
TerIoHoci. MixXTpyOHUii mpocTip 3anoBHIOETbCS TAM,
Kpi3b OTBOPW B 3OBHIillIHIM TpyOi BCTAHOBJIEHI TepMoma-
pu. HarpiB TemyoHoCisl 3[iMCHIOETBCS €EKTPUYHIM KOT-
JIOM, LMPKYJSILisl — HACOCOM, & KOHTYPOM OXOJIO[KEHHS
€ amroMiHieBuit pajiatop. [Ipm mpoBefieHHI ekcnepuMeH-
Ty JYMIbHUKAMHU (DIKCYETHCS TEMJIOBa Ta EJNEeKTPUYHA
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Taba. 1. TexHiYHI MOKAa3HUKU aKyMYJIIOIOUMX PEYOBUH

.. Jliama3oH po6ounx I'yctuna, TennoeMHiCTb, TennonpoBifHiCTS,
Petonuiia XimitHa popuya Temneparyp, °C Kr/Mm° JIx/xr-°C Bt/m-°C
Bopa H,0 0 o 100 1000 4182 0.63
Bimodir MgCl, 6H,0 2510 116 1250 3230 0.54
Tpurigpar
ageTary CH,COONa 10 mo 120 1450 4900 -
HATpItO

/ ?n \ \)

Puc. 2. 3azanvuuit guenad ma mennoea cxema eKCnepemMeHmanIbHO20 CHEHO).

1 — enexmporkomen, 2 — mooens mennoaxymynamopd, 3 —

UUPKYIAUTHHUTL HAcOC, 4 — cmabinizayiiina oinbHuyA,

5 — 3anopna apmamypa, 6 — d6anancuposounuii Kpau, 7 — paoiamop onaieHus, 8§ — mepmomanomemp, 9 — mennoguii
niyunvuuk, 10 — oemngpep, 11 — openarc, 12 — enexmponivunvnux, 13 — konyenmpamop eumipie, 14 — komn'romep.

NOTY>KHICTb Ta TEpPMONapaMy BUMIPIOETHCSI TeMIepaTypa
npsiMoi Ta 3BOPOTHOI BOAM. PerymoBaHHS TemmepaTypu
3[IICHIOETHCST KOTJIOBUM OJIOKOM YTIPABJIiHHS, MIBUKICTD
TEIVIOHOCISt — TUPUCTOPOM Hacoca, NPOTOK — KpaHOM Oa-
JIAHCYBAHHS.

PesynbraTu pocnimkeHb TnpuBefeHi Ha rpacikax
puc. 3.4.,5. HarpiB TemoHocist (Bojia) 3/1ifICHIOBAaBCS €JIeK-
TpUYHAM KOTIIOM 110 Temneparypu 100°C, Ha TpoTsI3i offHieT
TOJIVHM, TICJIS YOT'0 KOTEJ BIIKIFOYaM Ta (PiKCyBasIM Yyac Ta
3MiHM TEMMEPATYPU TEIUIOHOCIS 1 aKyMYJIIOI040T PeYOBUHU
npu oxoJofKeHHi. OTpuMaHi JaHi aHani3yBajM Ta 3HAXOfIU-
N1 TenI0(i3nyHI TOKA3HUKK PO3PAXYHKOBUM METOMIOM.

SIK 1 0"iKyBaJoCs, HaliKpallli aKyMYJIFOF0 i BIACTUBOCTI
MalOTh PEYOBUMHM 3 (pa30BUM MEPEXO[OM, IO IMOBHICTIO
MiTBEPIKYETHCS HAIMMU AloCTiKeHHsMu. [IpoTe, Bpa-
XOBYIOUM OCOOJIMBOCTI BTPATW HUMHM BIACTMBOCTEH MpU
UUKJIaX 3apsiikKu/po3psiiku 1 eKkcrulyarauii  ycTaTKyBaH-
HSl HA BIIKPUTOMY MOBITPi mepeBara BifjjJaHa TEMJIOHOCISIM
Ha OcHOBi Oimodity. Hwxkdi nokaszHuku 6imodity mo
TETUIOEMHOCTI 1 aKyMYJTIOIOUill 3[]aTHOCTI KOMITEHCYIOTh-

Csl Jliarna3oHOM TEeMIIepaTyp 3aCTOCYBaHHS i CYMICHICTIO 3
yciMa cucTeMaMu ONajloBaHHSl 1 XoJjoponocTtayaHHs. Ha
TIJICTaBi MPOBEACHUX MOCTIPKEHh BUKOHAHO KOPWUTYBAHHS
TexHosoriyHoi cxemu cuctemu 1CO, YoMy npuCBSIYEHUH
HACTYTHUU PO3MIiJ.

4. Pezyavmamu ma 062060pennsn

[IpunupmoBa TexHosoriuna cxema [1CO npuBeneHa Ha
puc. 6. Sk MoxkHa 6a4nTH, BOHA BKIIIOYAE B ceb6e MOOIIbHY
MEePEeCyBHY KOTEJIBLHIO 3 BOJOTPIHUM KOTJIOM, 200 iHIIKAM
[I)KepeJsioM TEMJIOBOI eHeprii, a0copOUiiiHuil 4wiiep Ta
MOGITIBHI  aKyMyJISITOpH Teryiotn abo xojopy. Harpita
BOAA BiJ JiKepesia TEMIoBOI eHeprii Npy BUKOPHUCTaHHI
6imodity noctynae B eMHicte MTA a6o B abcopOuiitHnit
yusuiep. B ocTaHHbOMY BMMajKy NPOBOAUTHLCS OXOJOf-
keHHs TAM B akymyssitopi. [IpuitHsTE KOHCTPYKTHBHE
PilLICHHsI JI03BOJISIE BUKOHATH TPAHCIIOPTYBAHHS TEMJIOBOT
eHeprii Ha3eMHMM, MOPCHLKAM, pIYKOBUM Ta HaBiTh
MOBITPSIHUM TPAHCIIOPTOM.

[Tepearamu JCO € yHicpikoBaHa KoHCTpyKIist MTA,
[IMPOKE BUKOPHUCTAHHS JIJIsl TeHepallii TerIoTH MipoTi3HuX
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Puc. 3. Akymynauiiina 30amuicmo mpuziopamy
ayemamy Hampiio.
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Puc. 5. Akymynayiiina 30amunicms oiuioghimy.
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Puc. 4. Akymynauiiina 30amuicms 60ou.

KOTJIiB, NaJbHUKIB BHUCOKO(OPCOBAHOTO  CIAJFOBAHHS,
Bi[JJAJIEHO PO3TALIOBAHUX [KEpesl reoTepMasibHOl 1 co-
HSIYHOT eHeprii Ta TpaHcgopMalisi TENJIOTH B XOJIOJ0AreHT
B JITHIN 4yac 3a JIOMOMOTOI0 aOCOpOMiHNX JniepiB. 3a-
MIPOTMOHOBAHA TEXHOJIOTIYHA CXeMa JI03BOJISIE BUKOPUCTOBY-
BaTU BCi BUJY Ta30BUX Ta PIKUX MaJWB, TBEPAUX BIIXOMiB
Ta BHUKOITHMX 1 GIOJIOTIYHMX MaNvB, aJbTEPHATUBHUX JIKe-
pen terot Towo. Inrerpanis MTA B cuctemy neHTpalib-
HOTO Ta aBTOHOMHOT'O TEIUIONOCTAYaHHS Ta MPOMHUCIIOBOTO
XOJIOfIONOCTAYaHHsl 3HAYHO 3MEHLIye cO0iBapTiCTh eHepril
Ta Ma€ BUCOKY E€KOHOMIUHY NpHUBAOIMBICTh. BKItoueHHs
B JICO aacopO6uiiiHoro ywiiepa OOIPYHTOBAHO THM, IO
BiH BHUPOOJISIE OXOJIOJPKEHY BOJY LUISIXOM BUKOPUCTAaH-
HSl IPUXOBAHOI TEMUIOTH BUMAPOBYBAHHS Ta MAE HACTYIHI
nepeBaru: TPUBAIME TepMiH ciyxkou (monay 20 pokiB),
MiHIMaJIbHE TEXHiUHe OOCIyrOBYBaHHSI, BUKOPHUCTAHHS
CKWJTHOI TeIUIOTH, HU3bKWI piBeHb IIyMy Ta BiOpaiii, 6e3-
nepepBHa po60Ta Ta MPOCTOTA i HAMIMHICTL KOHCTPYKIIL.

AXymMyasTOp rapa4oi
BOAN

Mobinsna xoTensus 3 Bogorpiiinms xoraom  AGcopSuiiinmii winncp Axymynsrop x0n0aHol

ABXM BOAM

Puc. 6. Ilpunyunosa cxema /|CO.

T-1 — nooaruuii mpyoonpogio zapauoi éoou (90°C); T-2 — 3eopomnuii mpyoonpogio apauoi éoou (60°C);
T-3 — nooaua xonoouoi éoou (7°C); T-4 — 360pomnuii mpyoonposio xon00noi ¢oou (20°C).
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OCHOBHUMHM CTIOXKMBAYaMU TMPOMHUCIIOBOTO XOJIOAWILHOTO
0oOJIaIHAHHSI € XOJIONWJbHI CKJagd 1 TEepMiHAIM, M'SiCHA
MPOMUCJIOBICTh, MOJIOYHA MPOMUCIIOBICTh, NTaxonepepoo-
Ha MPOMHUCJIIOBICTh, KOHIUTEPChKA MPOMHUCIIOBICTh, XIMIKO-
(hapManeBTUHA TIPOMHUCIIOBICTD, CIIOPTUBHI CTIOPY/N, UWJI-
JIEpH JI7Is1 CHCTEeM KOHJIUIIIFOBAHHST TIOBITPS TOIIIO.

BrpoBapkennst [ICO 103BONUTL CTBOPUTH BEepPTH-
KaJIbHOIHTErpOBAaHUI €HEPrOXOJIMHI Ha 0a3i MiANPUEMCTB
B KOXHOMY perioHi (Miclii, HACeJIEHOMY MYHKTi) /JIsl TeHe-
pauii fieleBoi TerIoBoi eHeprii Ta xoJopoarenty. [lepen-
6avaeThCs, 10 MYyHIIWMaJbHA TPOMajia HaAaCTh eHepre-
TUYHOMY XOJJIMHTY MOSKIIMBICTH OY/iBHMIITBA CKIIQJICHKUX
Ta TEHEePYIOUMX TMOTYXKHOCTeW [Isl YTWJI3alii MiCIeBUX
BUJIiB TAJIMBA HA 3eMEJILHUX [IISIHKAX,, @ TAKOK KOMYHIKaIi1
JOCTaBJICHOI TEIUIOTH KOMYHAJBHUM, MOOYTOBUM Ta MpO-
MUCJIOBAM CIIOXKHMBa4YaM. 3TiJJHO JIITEPATyPHUX JKepes, Ha
oMy TpuHIMMNI B HiMeuyuwHi MpOXOomuTh BUTPOOYBAHHS
MiJIOTHUHN TPOEKT 3 13-TOHHNM KOHTEWHEPOM-TEIIOaKyMYy-
asitopoM [7]. TennoBa MOTY3KHICTb TEMIOAKYMYJIITOPA CTa-
HoButh 500 kBT, Temneparypa 180°C, mo ngae 3mory Ha-
konuuutu 6mu3bKo 3,0 MBT-rog TenyioTu Ha OffHOMY LMKJTL
3apsypKeHHsi. JIMCTaHLisl TPaHCIOPTYBaHHs aBTOMOOLIEM
BifT Kepesia TeTUIOTH (CKUTHA TETUIOTa XiMiYHOTO TIPOIECy)
70 crnozkuBava ckiiagae 10 kM.

5. Et])elcmuemcmb alcymyﬂﬂuu ma
eKcnayamauyitini sumpamu

B cucremax akymyJssuil TEmJIOTH BasKJIMBUM YWMHHU-
koM siBisteTbest KKJI cuctemn akymyasuii. Bucokoro KKJI
MOCSITAETHCS TOTYXKHICTIO CUCTEMHU, TMOBHOTOIO BUKOPHC-
TaHHS €Heprii i 3HWKEHHSIM BUTpAT MajiMBa i eKcrutyaTauin-
HUX BUTpaT. Y 3arajibHOMY BHUMAJIKy €(PEeKTHBHICTb CHC-
TEMH aKyMyJisiii Moke OyTH BU3HAUEHA, SIK BiHOLLCHHS
ekcepriit 3apsiaku (E3) 1 po3psinku (Ep) akymynsaropa.

n, = E3/Ep. (7)

[TpoTe, mpaBuiIbHILLIE BPaxoBYBaTM MHOXEHHS eKce-
pretuuHoro KKIJI 3apsinku 33, ekcepretuunoro KKJI pos-
paaku Hp i ekcepretnynoro KK/ akymymsimit Hak
n, =43 - dp - Hak. (8)

Po3paxyHok ekcryarauifiHUX BUTpaT BKJIIOYAE pe-
3yapbtatd poboru CO, a came: Temno- Ta XOJOAO-
NPOAYKTUBHICTb, BUPOOJICHHSI TEIUIOTH Ta XOJIOAY Ha PIK,
BUTpaTH BUpOOHMITBA Terotn Ta xosopy JCO, ButpaTtu
nayiyBa Ta eJeKTPOeHeprii, BUTPATH HA BUPOOHUYY BOAY Ta
TAM, po3paxyHOK amoOpTu3alii OOJagHaHHSI, PO3PaAXyH-
KOBY ONTOBY L{iHy OOJIaiHAHHS, 3 YPaXyBaHHSIM BUTpPAT Ha
TPAHCTIOPTYBAHHSI 1 MOHTaXK OOJA/{HAHHS, 3apOOITHY IIATY
00CIJIyrOBYIOUOTO NEPCOHAY TOLIO.

Bucnoexu

a) MoOinbHi TeruoBi akymyssaropu MTA 1 Ha ix 6a3i
JIMCKPETHI  CUCTEMH OH&J‘IIOB&HHF[/OXOJIOII)KCHHF[ CO
MaroTh BEJIMKI TNEPCICKTHBU BIPOBA/PKCHHSI 1€ aKkTyallb-
HUMU JIJIst KOMneHcaun TeMJIOBUX BTPAT NpU TeHepamii i
3rJ1AKyBaHHI MKOBUX HABAHTAXKEHb B CUCTEMaX LIEHTPAJIb-
HOTO 1 aBTOHOMHOT'O TEIMJIONOCTAYaHHsI, 30epiraHHsl XOJIOny

i 3aJTy4eHHsI 10 CUCTEMH €HEPronocTayaHHs HOBUX JIKEpes
TEIJIOTH.

6) IIpi BuGOpI aKyMyJIIOIOUMX MaTepialiB HEOOXIAHO
BPAaxXOBYBATH iX TEIUIO(i3HHI BIACTHBOCTI i yMOBHU EKCILIY-
aTarii, mo6 ontumizyBat 06'eM MTA , XiMiuHy cTabiTbHICTD
B TpoOlIeCi eKCIuTyaTaii, BiACYTHICTb TOKCUYHOCTI, IPOTH-
MOKEKHI HOPMHU, KOPO3ifiHy aKTHUBHICTb 1 CYMICHICTb 3
Matepianamu KoHCTpyKuii MTA.

B) BaxkilMBMM YMHHMKOM € €KOHOMiYHA JOLiJILHICTDL
3actocyBaHHs MTA 3 ypaxyBaHHSIM BapTOCTI BUOpaHUX
MaTepiasiB, YoMy Oyjie NPUCBSYEHA Jpyra YaCcTMHA HAILOi
po6oTu.
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MOBILE ACCUMULATORS FOR DISCRETE
SYSTEMS HEAT-COLD SUPPLIES. Part 1

Demchenko V.G., Falko V.J., Hron S.S.

Institute of Technical Thermophysics of the National
Academy of Sciences of Ukraine, vul. Zhelyabova, 2a,
Kyiv, 03057, Ukraine

A review of the research of heat accumulators for the
system of heat and cold supply is presented. An analysis
of theoretical and experimental data on determining the
geometric characteristics of the battery for the required
amount of heat and cold, depending on the area of premises.
Depending on the thermophysical properties of the heat-
accumulating material, it is possible to significantly reduce
the volume of the heat accumulator by using thermal
accumulators with a phase transition.

The TAM study showed that bischofite-based batteries
require 29.7 m? for the accumulation of 1,0 MWh of heat,
while for trihydrate sodium acetate will be spent only 17.4
m?.

Implementation of discrete systems of heat and cold supply
will create a vertically integrated energy holding company
based in each region to generate cheap heat energy and
coolant.

References 8, figure 6, table 1.
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