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Investigation of heat transfer in tubular elements
of ground heat exchangers

The article discusses the effectiveness of using low-potential heat of the ground. Also describes the ad-
vantages and features of polyethylene pipes which are used in vertical heat exchangers in the system heat
pumps. The results of investigation of heat transfer tubular elements ground heat exchangers. It is shown the
dependence of the heat transfer coefficient heat accepting pipe of heat exchanger on the Reynoldsnumber.
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Increase in prices for traditional energy sources causes growing interest in methods of use of renewable
energy and, in particular, of low potential thermal energy stored in surface layers of the ground. Low poten-
tial energy dissipated in the environment is an important source of energy: the heat of the ground, of
groundwater, of geothermal water, of open natural and artificial reservoirs, ofair [1].

At the depth of more than 5 m the ground is characterized by dow but constant temperature, which can
be considered as an efficient energy source for heat pumps. This temperature ranges from 8°C to 12°C, de-
pending on local climate. A geothermal heat pump at wells requires horizontal and vertical subsurface heat
exchangers.

A horizontal subsurface heat exchanger is installed next'to a building at a small depth. The use of such
subsurface heat exchangers is limited by the size of available space.

A vertical subsurface heat exchanger works effectively in virtually all types of geological environment
except grounds with low thermal conductivity,such as.dry sand or dry gravel. Systems with vertical subsur-
face heat exchangers do not require large area sites and do not depend on the intensity of solar radiation inci-
dent on the surface. Systems with vertical. subsurface heat exchangers are widely spread [2].

Currently, polyethylene pipe of PE-63, PE-80 and PE-100 brands are used for geothermal ground heat
exchangers. They differ from steel, copper and PVC pipes in high technological effectiveness, possibility to
automate production. Use of polyethylene pipes saves materials in short supply, many of their types are reusable.

Technical specifications.of polyethylene pipes are shown in Table.

Table
Physical and mechanical properties of polyethylene for pipe production
Indicators Value

PE-63 PE-80 PE-100
Density (specific gravity), g/cm3 0,953-0,959 0,940-0,957 0,952-0,961
Specific elongation at break,% 350-800 350-850 350-681
Tensile yield limit, MPa 20-23 18-23 23-25
Modulus of elasticity in tension, MPa 800 1000 1300-1400
Thermal conductivity coefficient, W/(m-K) 0,38 0,38 0,38
Linear thermal expansion coefficient, mm /(m-K) 0,19 0,18-0,19 0,19
Frangibility temperature, °Cc <-100 <-100 <-100

The main advantages of plastic pipes are the following:
—high strength and toughness of pipes make it possible to withstand the internal pressure up to 1.6

MPa, and the external loads of the ground;

— chemical resistance to corrosive grounds and chemicals;
—low modulus of elasticity of the material makes it possible to reduce the maximum value of the dy-

namic pressure in case of fluid shocks;
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—no need to isolate the external pipeline from corrosion and to install electrochemical protection;

— flexibility, toughness, light weight and high impact strength make it easy to install and reduce costs;

— expected useful life of polyethylene pipelines is 50 years.

Considering the above characteristics of polyethylene pipes and lack of chemical resistance of metal
pipes to corrosive grounds and chemicals, we consider it necessary to use PE pipes in making heat exchangers.

The purpose of the work is to study heat transfer of tubular elements of subsurface heat exchangers and
to determine dependence of heat transfer coefficient on Reynolds number.

To achieve this goal, an experimental stand for modeling heat transfer processes in heat pulling ele-
ments of a heat pump was assembled in the laboratory of hydrodynamics and heat transfer. A principal
scheme of the setup is shown in Figure 1.
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1 — a tank with a heat carrier; 2 — an electric heatingunit; 3 — a circulation pump; 4 — a measuring orifice
of the heat pulling section; 5, // — differential manometres; 6 — a heat pulling pipe of the heat pump; 7 — a heat
transfer section with a liquid heat carrier; § — a tank with cold tap water; 9 — float with water level control;
10 — a measuring orifice of the heat transfer section; /2 — thermocouple switch; /3 — potentiometer for measuring
the EMF of thermocouples; /4 — municipal sewer spill pipe, /5 — thermocouples;
16, 17— heat carrier flow control valves.

Figure 1. An experimental stand for modeling heat transfer processes
in heat pulling elements of a heat pump

The stand consists of two systems: 1) the inner system with a heat pulling pipe of the heat pump; 2) the
outer system of a heat transfer section with a heat transfer liquid. The inner system with a heat pulling pipe
of the heat pump consists of a tank with a heat carrier, an electric heating unit, a circulation pump, a measur-
ing orifice of the heat'pulling section and a differential manometer. The outer diameter of a heat pulling pipe
of the heat pump is 32 mmj the thickness of the pipe is 3.5 mm. At both ends of the experimental pipe ther-
mocouples are‘installed. The outer system comprises a vessel with water having a water level controller; a
heat transferssection in the form of a cylinder with the diameter of 100 mm, filled with heat transfer liquid.
The system also.includes a thermocouple switch, thermocouples, a potentiometer for measuring the EMF of
the thermocouples and heat carrier flow control valves.

The plant operates as follows. Hot water is heated by an electrical heating element in the tank to the
temperature of 40 °C. The water temperature is controlled by a thermostat. The heated water from the tank
through the circulation pump is supplied to the heat pulling pipe of the heat pump. A mode switch for low
and maximum flow rate is installed on the pump. The hot heat carrier flow rate is controlled with a valve,
and a differential manometre shows the flow rate of the liquid incoming into the heat pulling pipe of the heat
pump. After passing the heat pulling pipe of the heat pump, the hot water flows back into the tank. Con-
trolled with the float, cold water from the water supply system flows into intertubular space of the heat trans-
fer area. After passing the intertubular space, the water passes through the flow rate meter and is discharged
into the sewer. For measuring the temperature difference of the heating and heated fluids, copper-constantan
thermocouples are installed in the heat pulling pipe of the heat pump and the heat transfer section with heat
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transfer fluid. The potentiometer for measuring the EMF of the thermocouples is connected to the thermo-
couple.

At the plant for the study of heat transfer, the parameters (flow rates, temperatures) of hot and cold
flows were experimentally investigated, the principal characteristics of the heat transfer process (heat load O
and mean temperature difference ¢,) were calculated, the values of the coefficients of heat transfer from the
hot flow to the wall and from the wall to the cold flow were determined.

Based on the experimental data, similarity criteria of heat transfer and water flow regimes in the pipe
were determined. Water flow regime similarities (Reynolds number) were determined by the formula (1),
and the similarities of heat transfer (Nusselt number) were determined by the formula (2).

Re=2%. (1)
.
ad
Nu=—""-2 2
u== 2)

where ® — is a mean linear flow rate, v — is a dynamic viscosity coefficient; A — is a heat conduction coef-
ficient of liquid; &, is an equivalent diameter of the flow defining its geometry [3-5].

On the basis of the determined similarity criteria, the dependence of Nusselt number on‘Reynolds num-
ber was graphed, it is presented in Figure 2.
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Figure 2. Dependence of Nusselt number on Reynolds number

Figure 2 shows that the rise.of Nusselt criterion is directly proportional to the rise of Reynolds number.
This is due to the fact that when the moving flow speed increases, in the pipe the flow turbulence grows and
the boundary layer thickness between the flow and the walls of the tube decreases. Reduction in the thick-
ness of the boundary layer improves the heat transfer process.

Further-the mathematical relationships between the similarities are defined (3), the logarithmic relation-
ship between Nusselt number and Reynolds number is plotted, the exponent of power is determined and the
coefficient of proportionality is calculated.

The relationship between similarity criteria is represented in the form of power functions

Nu=c-Re"Pr".
The Prandtl number of the heat carrier remains constant in the experiment, so Nusselt number depends
only on Reynolds number
Nu=c-Re". 3)
Taking the logarithm, we obtain
lg Nu=1gc+nlgRe. 4)
From the equation (4) we obtain a function 1g Nu = f(Ig Re), which is presented in Figure 3 as a plot.
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The graph shows that the exponent of power n is equal to the slope of the straight line to the abscissa
.. a . . . .
axis i.e. n=1gQ = Z A comparative graph is plotted based on the results of Mikheev and processing of the

experiment (fig. 3).
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A — based on the results of the experiment of Mikheev, ® — based ‘on processed data of the author
Figure 3. Graph establishing the dependence of Nusselt number on Reynolds number

The constant c is determined from the equation (5)
_ Nu
Re"

)

C

satisfied by any point on the line.

Thus, it was found out that the exponent of power is equal to 0.8, and the proportionality constant is
0.0038. Substituting the calculated numerical data in equation (3), we obtain (6):

Nit =0,0038- Re"*. (6)

By experimental studies at the stand the authors determined universal dependence for mean heat trans-
fer of polyethylene pipes used as heat-pulling elements of heat pumps. It was established, that the depend-
ence of Nusselt number on the Reynoelds number is linear in a logarithmic scale; the coefficient of slope of
the line n that is the exponent of power of Reynolds number, is equal to 0,8. The proportionality coefficient
is ¢=0,0038. Comparing with the experimental data of other researchers shows qualitative agreement,
the slope of the line is also 0.8. The numerical values of the proportionality coefficients depending on used
material, are different. For.metal tubes ¢ = 0.025, and for polyethylene pipes under study, it is by 3.7 times
less that is due to the poor thermal conductivity of the heat transfer wall.
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7Kep acThl KbLIYaJIMaCTHIPFBIIITAPbIHBIH KYOBIPJIBIK 3JIeMEHTTEepPiHaeri
KBLIyaJIMAacy/bl 3epTTey

Makanana >kepacTHIHBIH TOMEHIT NOTEHIUAIBl JKBUIYBIH HalifaaHyIbIH THIMOULIL Typajbl aHTHUIFaH.
CoHBIMEH KaTap >KbUIy COPFBUIAPHI KyHenepiHIe BepTHKalb >KbUIyalIMacTBIPFBIITApAA KOJIAHBIIATHIH
HOJIMATHICH ~ KYOBIPJIAp/BIH  €peKIIeNiKTepi MEH apTHIKUIBUIBIKTApbl  KapacThIpbulabl. JKep  acThl
KBUTyaJIMACTBIPFBIITAPBIHEIH ~ KYOBIPIBIK  3JIE€MEHTTEPIHIeri JKbUIyaIMacyAbl 3epTTEYAiH HOTHXedepi
kenripinred. JKpUly COPFBUIAPBIHAAFBI JKbUTY TapTKBI KYOBIpIApAblH JKbUTy Oepy Kod(duImeHTiHIH
PeliHoNB/IC CaHBIHA TOYENIIIT aHBIKTAIIEL.

M.Croes, K.Kycausinos, H.H.Illyrom6aesa, XX.I'.Hypranuesa, b.A.Axmaaues

HccaenoBanne TenjioooMeHa TPyOUATHIX 3JIEMEHTOB
TPYHTOBBIX TEII00OMEHHUKOB

B crarbe paccmoTpeHa 3¢ {EKTUBHOCTb MCIIONB30BAHMSA HU3KOIOTCHUMAIGHOM TEIIOTHl rpyHra. Taxke
ONHCAaHbl TPEUMYIIECTBA M OCOOEHHOCTH IIOJIMITWICHOBBIX TpyO, HCHONB3YyEeMBIX| B BEPTHKAJIBHBIX
TEINIOOOMEHHHKAX B CHCTEME TEIUIOBBIX HACOCOB. [IpHBENCHBI pe3ysbTaThl MCCIEAOBAHHUS TEIIOOOMEHa
TpyOuUaThIX dJIEMEHTOB TPYHTOBBIX TEINIOOOMEHHHKOB. OmpezesieHa 3aBUCHUMOCTE K03 HIUeHTa
TEIIOO0TIaYH TEIUIOCHEMHON TPYOBI TEIJIOBOTO Hacoca OT uncia PeftHonbaca.
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