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A. E. DENYSOVA, A. S. MAZURENKO, A. S. DENYSOV A
HEAT PUMP AT SUBSOIL WATER FOR HEAT AND POTABLE WATER SUPPLY

3anpornoHOBaHO HOBHHM MIIXiA IO BUpIMICHHS IPOOIEMH BHIAJIEHHS IPYHTOBHX BOJ 3 IOJAIBIIMM iX BHKOPHCTaHHSM Ha 0a3i TEILUIOBOTO Hacoca

JULSL ITLJIeH TeNIonOoCTadyaHHs Ta 3a0e3eYeHHs MITHOIO BOIO0. Po3pobiieHo MeTouKy po3paxyHKy, IO JO3BOJISE BU3HAYHTH, BUXOSIIH 13 3a/JaHOl

MOTYXKHOCTI TEIIOBOrO Hacoca, TIHOMHY CBEpUIOBHHU, KIIBKICTh CBEP/UIOBHH, 3 ypaxXyBaHHSM IIBHAKOCTI 1 TeMIIEpAaTypH IPYHTOBHX BOJ.

Po3pobieHo anropuT™M po3paxyHKY YCTaHOBKH, peaii3alis sSKOi II0OKa3aHa Ha KOHKPETHOMY IPHKIaAi, IO MATBepUKye ii epeKTUBHICTH It

3a0e3IeueHHs CIIOKHBAYIB OJHOYACHO ONAJICHHSM, THTHOIO BOJOIO, @ TAKOXK IS 3al00IraHHs MiATOIICHHS OYAUHKIB IPyHTOBIMH BOJAMH.
KutiouoBi ci10Ba: TemIoBHi Hacoc, TEIUIONOCTaYaHHs, BOJOIIOCTAYaHHS, IPYHTOBI BOJH.

IIpennoskeH HOBBI HOAXOJ K PEIICHHIO IPOOIEMB! yJaleHUe IIOANOYBEHHBIX BOJA C HOCIEHYIOIINM HX HCIONb30BAaHHEM IS OOeCHedeHUs

IIUTHEBOI BOMOW H TEIIOCHAa0XKeHHs Ha 6a3e TelIoBoro Hacoca. Pazpaborana MeTofuKka pacuera, I03BOJIIOIIAst OIPEIEIUTh, UCXOISI U3 3a1aHHOI

MOIIHOCTH TEIIOBOTO HAcoca, IIyOMHY OypOBOHl CKBaXKHHBI, KOIMYECTBO CKBa)KHH, C Y4ETOM CKOPOCTH M TEMIIEpPAaTyphl IPYHTOBBIX BOJ.

Pa3pabotan anropuT™M pacueTa yCTAaHOBKH, peaslH3allis KOTOPOU IOKa3aHa Ha KOHKPETHOM IIpUMepe, IOATBepKIaomeM ee dP(eKTUBHOCTD st

obecriedeHHs! IOTpeOUTENeH OHOBPEMEHHO OTOIUIEHUEM, IINTHEBOH BOJOH, a TaKuKe AN MPEIOTBPAIEHNS IIOATOIUICHHS JOMOB IPYHTOBEIMH.
KiioueBble ¢10Ba: TEILIOBOI HACOC, TEIIIOCHA0XKEHHE, BOJOCHAOKEHIE, TPYHTOBBIE BOJBL.

Removal of groundwater with further use of it for potable water supply and heat supply with the use of heat pump is an important problem. A new

revolutionary approach to the decision of energy and water saving that provides rational accommodation of groundwater boreholes ensuring the

required flow rate of water through the heat pump evaporator with simultaneously high intensity of heat exchange process is proposed. The method

of calculation which allows determining the necessary depth of borehole, quantity of boreholes, in consideration of flow rate and temperature of

subsoil water determining capacity of heat pump installation is worked out. Realization and algorithm of calculation of subsoil water heat pump

installation are developed. Results that confirms efficiency of its work for heat and water supply simultaneously are shown on concrete example.
Keywords: heat pump, subsoil water, heat supply, potable water supply

Introduction. Numerous regions of the world are
under negative influence of subsoil water circulating near
surface of the ground. That is why the purpose of the
work is to estimate the prospects of implementation of
the installation for removal of subsoil water from houses
for further supply of potable water and heat to consumers
at the base of heat pump [1]. This task is especially
important in the autumn-winter period for regions with
high level of subsoil water when danger of flooding of
the buildings is grown considerably and deficiency of
energy for heating increases simultaneously [2—5].

A general material. We offer new revolutionary
approach to the decision of this task that provides
rational accommodation of subsoil water boreholes

supporting the required flow rate of water for thermal
needs of heat pump evaporator with high intensity of heat
exchange process simultaneously. The circuit of heat
pump installation with integrated purposes (preventing
flooding of buildings during a high water period of time,
heat and potable water supply) at base of subsoil water
includes a borehole circuit and water purification circuit.
Heat pump installation of potable water and heat supply
at base of subsoil water has a special module for water
purification [6].

Installation of potable water and heat supply (Figure
1) at base of heat pump 3 includes the evaporator 5,
compressor 6, condenser 7 and throttle gate 8.
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Figure 1. Installation of potable water and heat supply at base of subsoil water: 1 —borehole; 2, 9, 12, 15 — pump; 3 — heat
pump; 4 — module of water purification; 5 — evaporator; 6— compressor; 7— condenser; 8— throttle gate; 10 — heat consumer;
11 — subsoil water tank; 13 — tank for water purification; 14 — tank with potable water; 16 — potable water consumer
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Evaporator 5 is placed in the circuit of circulation of
subsoil water incoming from borehole 1 via pump 2.
Condenser is placed in the circuit of circulation of heat
consumer 10. The system of water purification 4 includes
subsoil water tank 11, incoming through evaporator 5,
water pump 12, module of purification with tanks 13, 14
and pump 15 for potable water supply of consumers 16.

3. Research method.

Flow rate of subsoil water [6]:

ﬂ-(Hg—hg)-k
1n(R/r0)

, m’/s (D)

w

where R=3000-(Ho—ho) k - radius of funnel, m;

k=107, 0.5-107, 10"° — filtration coefficient for
sand, loam and clay accordingly, m/s;

10=0.075, 0.15, 0.3 — radius of borehole, m [7].

Heat power of the heat pump at subsoil water which
is defined as [8]:

40

QOZGW‘Cp‘At’ ()
where Gi=Vypw, kg/s;

pw — density, kg/m?;

C, — specific heat capacity, kJ/(kg-K);

At — cooling of water in evaporator

(A tw=ty,*—t,"*=14-4=10 K);

tw"*, tw'"* — inlet and outlet temperature of water in
evaporator.

4. Results and discussions

Results of numerical simulation (figure 2, 3) shows
that flow rate of subsoil water is close to square-law
dependence on pressure z=Ho—ho, because of laminar
mode of flow of subsoil water through the ground layer.
Flow rate of subsoil water depends proportionally on
filtration factor f but influence of borehole’s radius 1o is
negligible [7].

Figure 2 allow determining necessary depth of
borehole Hy with the account of ho and quantity of
boreholes (at changes of borehole depth).
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Figure 2. Flow rate and depth of borehole.

For heat pump evaporator having surface area of
heat transfer F = 320 m?, having heat transfer coefficient

k=0.5 kWh/(m*K) for temperature difference At =
which corresponds to the heat flow density g=3 kW/m?.

30

Bicuux HTY «XIII». 2017. Ne 18 (1240)



ISSN 2220-4784

Innosayitini 0ocniodcents y Haykosux pobomax cmyoenmis

1600

Qouk_n': - o= 0.3m
ro=0.15m
1400
#o=0075m
1200
1000
g = |:!3I'ﬂ
200 Fo=0.15m |
loam
k=0.5-10"m's
t=0.075m
&00 -
400
200 fh=0.3m ¥
_ﬁleﬂ'tsms
ﬁ T —o7smio T 15 m
0
20 40 &0 20 100 H.m

Figure 3. Heat power of the evaporator.

The heat power (figure 3) of the evaporator can be
defined as: Qo=q-F=3-320=960 kW.

For the case of cooling of subsoil water in the
evaporator of heat pump A t,=10°C the required flow
rate of subsoil water, with the account of equation (2),
can be defined as:

G - 960

Y TC, AL 42110

=22.8 kg/s.

The temperature of the refrigerant boiling in the
evaporator of heat pump can be estimated as [9]:

€)

where E — thermodynamic efficiency, which show the
ratio of real flow of heat to maximum possible in the
ideal heat exchanger.

In our case Cy = Cpin, therefore:

tVX _ tVLlX

—w T tw
e @
w 0

From equation (4):

ty = t:/,vx ——t:;vx —_ t:;vux ,

E

where E = 1— exp[-krF /(C,+ Gw)]- for evaporator of the
heat pump [10].

In order to estimate the cost-effectiveness of the
installation the method of economic evaluation based on
a comparison of cost of the traditional heat supply unit
and traditional water supply unit was applied [11-13].

Results of numerical simulation shows that in case
of three boreholes (for example, for loam) when the
depth of each borehole is 60 m the flow rate of subsoil
water equals Gw=7,6-3=22,8 kg/s (figure 2).
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Temperature of boiling of refrigerant (R-142)
equals 1,5°C;

temperature of condensation of refrigerant equals
70°C; temperature of hot water 65 °C;

efficiency of compressor 0,85;

flow rate of refrigerant equals 7.3 kg/s;

COP=3,5;

heat capacity of condenser of heat pump equals
1350 kW;

electric capacity of electric motor for compressor
equals N, =390 kW;

heat capacity of heat pump evaporator equals 960
kW, capacity of 3 electric motors for subsoil water pump
equals 16 kW.

While heat capacity of heat pump equals Qn=1350
kW , the quantity of apartments which can be supplied by
heat equals 450 (needs of one apartment approximately 3
kW) [14].

The total economic efficiency of heat and water
supply system can be determine with the account of
annual costs of heat supply system ZyY and water
supply system Z,* (e.g. Gw = 22,8 kg/s) [13]:

7} =CY +K, -E,

Z% =C% +K, E,

where CpY, Cy¥ — annual operating costs of heat and tap
water production;

Ki , Ky — costs of the system (including costs of
heat pump, boreholes with water pumps and water supply
system with water treatment installation );

E. — normative amortization factor (E, = 0.1).

Annual operating costs for the generation of heat:

C} =Cl N7, +12-n-Z, =0.02-420-8760+12-5-200 = 74800

USD/year

where Cg — cost of 1 kWh;
7, = 8760 — annual operating hours;
n —number of persons serving the installation;

Z, —monthly salary per person;
N.i" — electric power for generation of heat.

NI =N, + N, =390+30=420 kW,

where N — electric capacity of electric motor
of compressor;
N — electric power of water pump.
Annual costs for heat generation, USD/year:

7Y =C} +K, -E, =74800+5-10°-0.1=125-10°.

Specific costs for heat production:

w2 _ 125:10°

P_Th 22— _105.107°
Q) 1350-8760

USD/kWh=3USD/G]J.

Annual operating costs for the generation of pure
water:

€Y, =CY -NY -7, +12-n-Z, =0.02-30-8760+12-5-200=17250
USD/year,

where Ne“ =30 kW — electric power for pumps of
water treatment unit.
Annual costs for water supply system:

Z)=Cl+K, -E, =17250+0,1-10° = 272,510

Specific costs for water provision in case of three
boreholes:

oL _ 7% 2725.10°
Q) Gy-r, 228:3.6-8760

=0.038

w

USD/m?3.
Annual cost savings for heat supply system based
on our proposals, USD/year:

Az} = (zfg —z;P)-Qh -7, =(5-3)-1350-3.6-8760 = 81-10°

where zp® =5 USD/MIJ — costs of heat incoming from
boiler.

Annual cost savings for water provision based on
our proposals:

AZY, =(ZSP —ziy).Qh -7, =(0.1-0.038)-22.8-3.6-8760=45-10’

ws

USD/year,

where zys® = 0.1 USD/m? — costs of pure water.
Cost savings due to implementation of water
provision system while T =10 years of operation:

Az, =AzY,-T=45-10°-10=450-10° USD.

Cost savings due to implementation of heat
provision system while T =10 years of operation:

Az, =Az) - T=81-10°-10=810-10° USD.
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General cost savings due to implementation of
installation of heat and potable water supply at base of
heat pump while T =10 years of its operation can be
defined as:

Az=Az, + Az, =810-10° +450-10° =1.26-10° USD.

5. Conclusions

Removal of subsoil waters from the surface of the
ground with its subsequent use for water and heat supply
reduces negative influence of subsoil waters circulating
near to surface of the ground. Especially during autumn-
winter period in the regions with high level of subsoil
water a danger of flooding of the buildings becomes real
and deficiency of energy for heating rises
simultaneously. Heat pump installation with integrated
purposes — water and heat supply — can compensate
escalating annually deficiency of potable water for
numerous regions having problems with water deficit and
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