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Cekuis 1:

«AKTYAJIBHI ITPOBJIEMHA
EHEPI'ETUKW»



VJIK 662.997

ENERGY INDICATORS OF OPERATION THE HEAT PUMPING SYSTEM
HEATING OF THE ENERGY EFFICIENT HOUSE

Sc.D., Professor Basok B.1.; Sc.D., Senior Scientst Nedbailo O.M.; Ph.D. Bozhko I.K.,
Ph.D. Tkachenko M.V.

Institute of Engineering Thermophysics of the National Academy of Sciences of
Ukraine

Objective.

The calculation justification of the feasibility of introducing an energy efficient heat pump
system for heat supply at new construction sites and thermomodernization of buildings of various
types and purposes that have already been built is given.

The object of experimental research is the heat purnp systern of heat supply to an energy
efficient house [1], simplified consisting of a ground and heating circuit, as well as an intermediate
circuit that connects the heat pump and the storage battery of heat.

Results.

The energy efficient house is a three-storey building with a basement floor located on the
territory of the Institute of Technical Thermophysics of the National Academy of Sciences of Ukraine
in Kiev with a heated area of 306 m? and estimated specific energy consumption for heating and hot
water supply of approximately 14.8 kW/(m?-year). The heat pump (HP) has a nominal power of 6,1
kW [2].

The ground contour consists of a horizontal ground collector - a group of parallel multi-pass
and coiled heat exchangers (GTE), made of polyethylene pipes 40x3,2 mm and 32x2 mm, which are
located next to the house at a depth of 2,2 m. The site of their location has an area of about 180 m?,
The coolant in the ground loop is a 30% aqueous solution of propylene glycol.

The intermediate loop is made of polypropylene pipe 40x6,7 mm with filling it with prepared
water. Battery-accumulator is designed for hydraulic isolation of source circuits and heat consumers.
It is a thermally insulated cylindrical tank of 300 liters capacity with coil heat exchangers inside.

The heating circuit consists of a set connected in parallel, heating systems, which includes
water-heated floors of various configurations (including, so-called capillary), coils in the piers of the
house, and also water-air heating devices (fan coils). The coolant in them is prepared water.

Circulation of heat carriers in each of the above circuits is carried out by pumps with the
possibility of regulating their flow-rate characteristics. Hourly measurements over the course of a day
in each of the circuits of the amount of heat, the volume of the heat carrier, as well as the values of
its temperature in the supply and return pipelines were carried out by heat meters Sharky 773
(optionally every 10 minutes). For further analysis, the thermal power and volumetric flow were
recalculated taking into account the dependence of the thermophysical properties of the coolant on
its temperature change.

The calculation of the heat transfer coefficient for the heat pump (COP — Coefficient Of
Performance) in the constant full load mode based on the balance of the amount of heat transferred

COP = Qu/(Q1— Q) = 5,90/(5,90 — 4,42) = 3,98; 1)

uhere Q1 — the daily average value of the thermal power of the circuit, HP-tank, KW;
Q: — the daily average value of the heat output of the GTE circuit, kW.

Conclusions.

The brief analysis of the operation of the heat pump in the nominal mode showed its high
energy efficiency due to the use of a low-grade heat of the ground mass as a source of low-potential
heat, and low-temperature heating systems as consumers.
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POJIb ®JIYKTYAII TEPMOJIUHAMIYHUX ®YHKIIN B PO3POBIII
MO/IEJIEHM ITPOTHO3YBAHHSI TEILIO®I3UYHUX BJIACTUBOCTEM
PEYOBUH

Kenesunii B.I1., Morosoii U.B., I'nek 51.0., Xanuuu E.1O.
Opecbka HaiOHAJTBHA aKa/1eMisi XapYOBHUX TeXHOJIOT i

IMpo6Gaema indopmauiiiHoro 3abe3neyeHHs HAyKH | TEXHIKH JIOCTOBIPHHUMM JAHMMM PO
(i3UKO-XIMIYHI BIACTUBOCTI BYIJICBOJHIB, XOJOJOAreHTIB, TEIUIOHOCIiB, HaHO(IIOINB 1 HapT
3aJIMIIAETHCS AKTYAJILHOIO. 3 IPHYMHU IIMPOKOT HOMEHKIIATYPH PEUIOBUH, SIKi BUKOPHCTOBYIOTHCS B
CHEPIeTHUIIl, @ TAKOXK PIBHOMAHITTS MOXKJIMBHUX CyMIllIei, JaHi Ipo 1X Teriodi3nyHi BIaCTHBOCTI HE
MOXYTb OyTH OTpPHUMaHI eKCIIEpUMEHTAIbHIMHU METO/IaMH. 3 IHIIOr0 OOKY, METO/IM CTATUCTUYHOL
(hi3UKK 1 TEPMOAMHAMIKM HE JO3BOJIAIOTH 3 HEOOXIJHOIO TOUYHICTIO PO3PaXOBYBaTU BIACTUBOCTI
0araToaTOMHHUX BYTJICBO/IHIB 1 THM OiJIbIIe TAKUX MYJIBTIKOMIIOHEHTHHX TEPMOJANHAMIYHIX CUCTEM
SIK TEIUIOHOCIT, po0oyi Tila TapoOKOMIIPECIHHUX XOJIOIMIIBHAX YCTAaHOBOK, HaHO(Ir01 1M, HadTH abo
ra3oBi KOHJIEHCATH.

Jlo TenepimHbOro yacy 3arnporoHOBaHO JOCHThH 0arato pi3HUX ()EHOMCHOJIOTTYHUX METOJIB
110 po3paxyHKy Teruiodizuunux Bractusocteil pedosud (TBP), nanpukman [1-2]. [pu upomy ciij
BpaxoOBYBaTH, IO BEJMKa YacTHHA OIyOIiKOBAaHMX METOAMK po3paxyHky TBP pospobiena mis
IHIUBIAyaJdbHUX  PEYOBMH.  BHUKOpHCTaHHS ~ IMX  METOAIB  PO3paxyHKy  CTOCOBHO
MYJIbTIKOMIOHEHTHUX CyMIllIeii HEBH3HAYCHOrO CKJIaJy IPUBOJUTH 10 JIOJATKOBUX IOXHOOK,
BEJIMYMHY SIKMX OLIHUTH NpoosiemMaTndHo. Came 3 IUX IPUYUH IPOJOBIKYE 3UTHIIATHCS aKTYaIbHOIO
npobiemMa ToJaabIIOro PO3BUTKY MOJENEH IUIsi NPOrHO3yBaHHsA (i3MKO-XIMIYHMX BJIACTHBOCTEH
CKJIQTHAX TePMOJIMHAMIUHNX CHCTEM.

VY poGoTi HABOAMTHCS KPUTHUHUH aHaNi3 ICHYIOUMX METOMAIB PO3PAaXyHKY Tero(izHuHuX
BJIACTHBOCTEH PEYOBHMH. AKIICHTOBAaHA yBara Ha 3arajlbHOMY HPHHIUIIOBOMY HEIOIIKY iCHYIOUHMX
metoniB pospaxyuky TCB. Ilokaszano, 110 3aIpONOHOBaHI METOAM HE BPaXOBYIOTh IPHHLMUIIOBOL
BIZIMIHHOCTI BJIACTMBOCTEH PiJIMH BiJl BIACTUBOCTEH PEUOBHMH B ra30Biii 1 TBepaiil (azax, a came He
BPaxXOBYETHCS 3MiHA OJIMIKHBOTO MOPSIKY, IO CYTI CTPYKTYPHU PiAKOi (pa3u peyOBHH B IIMPOKOMY
Jiara3oHi TeMIeparyp.

B nmanuii wac icHye JAeKiJbKa 3araJbHUX MOJENBHUX INPEACTABICHb PIMHHU B HIUPOKOMY
iHTepBai napaMerpis crany. HaifuacTirie BUKOPHCTOBYIOThCS KiIacTepHa 1 (urykTyauiiiHa Mozielb.

OpHI€RO 3 Cy9acHUX MOJIeNIe PIIKOTO CTaHy € «kiactepHa Teopis» [3]. Y 1 ocHOBI moMirieHa
iJ1es1, 110 PiJMHA MPEACTABISETHCS K CYMIIl TBEPAUX KiIacTepiB i razy. [Ipu upoMy 4acTku TBEpaOi
(basu (kprcTanm, M0 PyXarThCs HA KOPOTKI BiZICTaHI) PO3TALIOBYIOTHCS B XMapi raszy, yTBOPIOKOUHN
KJIaCTepHY CTPYKTYpy piakoi asu.

[ToBifbHI YaCTKM CTHUKAFOTBHCS 3 KJIACTEpAMHU 1 MOKYTh CTaTH iX 4acTuHOK. KoHdirypartis
KJIacTepiB AMHAMIYHO Oe31epepBHO 3MIHIOETHCS 1 TEPMOJMHAMIUHA CHCTEMa 3HAXOJHUThCS B CTaHI
TepMOJMHAMIUHOI piBHOBaru. ExcrepuMeHTalbHOI0 OCHOBOIO KJIACTEpHOI MOJENl € HasBHICTb B
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