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Mema pobéomu. BuzHayeHHS paLiOHAIBHOTO CIIIBBIAHOIICHHS MIX
XapaKTepUCTHUKAMU BEPTHKAIBHOTO TIPYHTOBOro TemiooominHuka (BI'TO),
TaKUX K TNIMOMHA CBEPJIOBUHH, JllaMeTpa TpyOu, MBUIKOCTI PyXy TEIJIOHOCIS
B HU)KHBOMY KOHTYpi TemioHacocHoi cuctemu (THC) B 3ayexHOCTI BiJl yMOB
po6orn BI'TO (akymysroBaHHsSI TEIUJIOTM B IPYHTI Ta 3 BpaxyBaHHSIM 3MiHU
MUTOMOTO TEIJIOBOTO IMOTOKY MPOTATOM ONAJTIOBAJIILHOIO TEpPIOay) Ta
terioHacocHoi ycranoBku (THY). JlaHi xapakTepHCTHKH MOBUHHI 3a0€31ICUUTH
ONTUMAaJIbHY MIBUJAKICTh TEIUIOHOCIS B HUKHBbOMY KOHTYp1 THC, 1110 7103BOTHUTH
OTpUMaTH  MIHIMQJIbHI  THATOMI  3aTtpatu  enekTtpoeHeprii Ha  THC
TETUIONOCTAYaHHsI B IILJIOMY.

Pezynomamu. B pe3ynbTaTi YMCIOBUX JOCHIIKEHb, IO 0a3ylOThCS Ha
aHali3l CHUCTEMH pIBHSHB 3aTpaTH €HEprii Ta TEMIOBOro OallaHCy OKPEeMHUX
€JIEMEHTIB TEIUIOHACOCHOI CXEMH, BCTAHOBJEHO, IO ICHY€ ONTHMAajbHa
mBUAKICTh TerioHocis y BI'TO, skiit BiAnmoBigaioTh MiHIMaNbHI CyMapHi
3aTpaTH €Heprii Ha MPUBIJ Hacoca Ta Komrmpecopa TertoBoro Hacoca (TH). s
ONTHMaJbHa  IMIBUJAKICTh  TEIJIOHOCIA  Ma€  3MIHIOBAaTUCh  MPOTATOM
OTIATIOBAJILHOTO Ce30HYy. Ha 1iif OCHOBI OTPMMAHO CITIBBIJHOIICHHS MiX
XapaKTepUCTUKAMH TPYHTOBUX TEIJIOOOMIHHUKIB, IO 3a0€3MeUyl0Th MIHIMYyM
cymapHux eHepretnyHux 3atpar Ha THC omnanenHs. BuszHaueHo, 110 MUTOMI
3aTpat 30BHIIHKOI eHeprii Ha THY npu 3a0e3neueHHi onTUMaIbHOT IIIBUKOCTI
TEIJIOHOCIA Yy  HIKHBOMY  KOHTYpl  cina00  3MIHIOIOTBCS — IPOTATOM
OMaTIOBATILHOTO CE30HY 1 3HAYHO HWXK4YiI HDK TpPH BUKOPHUCTAaHI MPUPOTHOL
TEIUIOTH TPYyHTY (0€3 akyMyssiii). BctaHoBIEHO, 1110 OB BUCOKA IIBUIKICTh
TEIUIOHOCISI ~ CIIOCTEPIra€ThCsl HAa TMOYATKy ONATIOBAIBHOTO TMepiogy 3
ypaxyBaHHSAM aKyMyJIIOBaHHS €Heprii B TIpyHTi. OnTuMalibHa MIBHIKICTH
TEIUIOHOCISI MOBMHHA 3MEHUIYBATHUCh 10 KIHISL OMAJIOBAJILHOTO CE30HY ISt
3a0e3nedeHHs] MiHIManbHUX TUToMux 3arpar eHeprii Ha THC. Takox
BIJIMIYE€HO, 110 ONTHUMAajbHA IIBUIKICTh 3pOCTA€ 31 30UIBIICHHSM TJIMOWHH
CBEP/JIOBUHU Ta 3MEHIIICHHSIM JllaMeTpa TPyOu TEII000MIHHUKA.

Bucnoeku. 1. Po3po0ieHO METOAMKY BHU3HAUEHHS ONTHUMAJIbHUX YMOB
poboTu TpyHTOBUX TemI00OMIHHUKIB mia THC Hu3bKOTEMIIEpATYpHOTO
BOJSHOIO OMNAJIEHHSA, 10 3a0e3Me4yloTh MIHIMyM EHEpPreTUYHUX 3aTpaT Ha
BUPOOJICHHA TemioTu. 2. Po3paxyHKW MOKaszaiu, M0 ONTHMalbHA MIBUAKICTH
TEIUIOHOCIA ~ 3aJIeXUTh Bl T[MOMHM CBEpPAJIOBUHH, JlaMeTpa TpyoOu
TEIUIOOOMIHHUKA Ta THUIy TIPYHTY, clabo 3anexaTh BiJ Temio)i3uuHUX
XapaKTePUCTHK TEIJIOHOCIS 1 Maibke He 3aJeXaTh Bl TEMIEpaTypy TEIUIOHOCIS
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Ha Bxoal Ao BumapHuka TH. 3. OTpumaHi CHiBBIIHOIIEHHS MOXYTb OyTH
BUKOPHUCTaHI TPU BHU3HAYCHHI onTtuMaibHUX yMoB pobotu BI'TO B THC
HU3BKOTEMIIEPATYPHOTO ONAJEHHS 3 METOK JOCATHEHHS 11 MakKCUMaJIbHOI
E€HEePreTUYHOI €()eKTUBHOCTI.
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Objective. Determination of the rational correlation between
characteristics of the vertical ground heat exchanger (VGHE), such as depth of
the well, diameter of pipe, velocity of the coolant in the lower contour of heat
pumping system (HPS) depending on conditions of the VGHE operation
(accumulation of heat in soil taking into account changes in the specific heat
flux during the heating season) and heat pump installation (HPI). These
characteristics should ensure optimal coolant velocity in the lower contour of the
HPS to provide minimum specific electricity cost of the HPS total heat supply.

Findings. As a result of numerical studies based on the analysis of the
system of energy costs equations and heat balance of individual elements of the
heat pump system, it was found that there are an optimal value of the coolant
velocity in VGHE corresponding to minimum total energy cost of the pump
drive and heat pump (HP) compressor. This optimum coolant velocity would
change during the heating season. On this assumption there was obtained the
ratio between characteristics of the soil heat exchangers which ensure minimum
total energy cost of the HPS heating. It was determined that the specific cost of
external energy for HPI, providing an optimum velocity of the heat carrier in the
lower contour is ensured, change only little during the heating season and are
significantly lower than in case when natural heat of soil (without accumulation)
Is used. It was found that at the beginning of the heating season higher rate of
heat carrier is observed due to the energy accumulation in soil. The optimal rate
of the heat carrier should get reduced by the end of the heating season to ensure
minimal specific energy cost of HPS. It was also noted that the optimal rate
grows as the depth of the well increases and diameter of the tube of the heat
exchanger reduces.

Conclusions. 1. The method of determination of optimal conditions for
soil heat exchangers operation in low temperature water heating HPS was
worked out to ensure minimum energy costs of heat production. 2. The
calculations showed that the optimal velocity of the heat carrier depends on the
depth of the well, diameter of the tube of the heat exchanger and the type of soil;
there is a weak dependence on thermal and physical characteristics of the heat



carrier and almost no dependence on the heat carrier temperature at the inlet to
the HP evaporator. 3. The determined ratios can be used to define optimum
conditions of the VGHE operation in low temperature heating HPS to ensure the
maximum of its energy efficiency.



