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PUMP AND PASSIVE AIR CONDITIONING

This article presents a passive air conditionirgiesy using the lower source of the
ground heat pump. Passive air conditioning usesah@al cold accumulated in the
groundespecially in the summer season. A hydraulic diagaad the principle of
passive air conditioning were presented in the Ex¢ purpose of the measurement
was to determine the cooling power, the charattetesmperatures and the soil tem-
perature distribution at the depth of 2 meterbaground excavated site of the spiral
ground heat exchanger. Annual temperature distabsitin the ground which di-
rectly affect annular cooling power were presenfaiantages and disadvantages
of passive air conditioning have also been presente
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1. Introduction

In the times of increasing environmental pollut@aused by burning fossil
fuels for energy production, the issue of limitiagnissions of toxic components
into the atmosphere seems to be particularly inapbrRenewable energy sources
are an increasingly important part of power systgirisd]. They usually occur in
the form of centralized power plants or as distebuunits near the final users.
Renewable energy sources can also be joined ttedrghrid systems with a high
degree of reliability, ecology and economy in congam to a single unit.

Many measurements show that the ground tempera¢loer a certain depth
remains relatively constant throughout the year;sfoaller depths the tempera-
ture in the ground can be considered as quasi-&@ainst smaller time intervals
[7-12]. This phenomenon occurs because temperfitiateiations at the ground
surface are reduced as the depth of the groundases because of high thermal
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inertia of soil. Also, there is a time lag betwdemperature fluctuations at the
surface and in the ground. Therefore, in summesdtiigemperature at a certain
depth is lower than the temperature of the air dnd versa in winter the soil

temperature at a certain depth is higher than ithiemperature. The difference
in temperature between the outside air and soilbeantilized as a preheating
means in winter and pre-cooling in summer by ofiregat ground heat exchanger
GHE [7].

In general, the ground heat exchangers can beedivito open and closed
systems. In an open system, soil may be used Witecheat or cool a medium
which can be air or water. The ambient air from éxéernal air intake passes
through tubes dug in the ground and goes direotnt air-conditioned room or
building. In a similar way, the ground water mayused as a cooling medium; in
most cases two wells are required- one for extvactind one for injection. In
a close system the medium circulates in a loop.d#& exchangers are located
underground in a horizontal or vertical position.

Eicker [9] presents a passive air conditioner waghkin the Lamparter Com-
pany in Weilheim, Germany. The ground heat exchaisgeositioned around the
building and consists of two pipes of 0.35 m andh®ih length. The pipes are
laid at a mean depth of 2.80 m. The GHE cools risghfair supplied to the buil-
ding. The annual coefficients of performance (C@&)e calculated from the sum
of cooling energy divided by the electrical enecgynsumed. The obtained COP
was 50, 35 and 38 in the years 2001, 2002 and A0@3author presents also the
performance of horizontal ground brine to air heathanger mounted in a buil-
ding in Tubingen, Germany. Five horizontal soilbiine heat exchangers with
a length of 100 m each were installed under thergfaat the depth of 1.2 m.
During hot, two week measurement period in Jun& 200average cooling power
of 1.5 kW with a maximum of 4 kW was obtained. Tir@e pump consumed
about 60 W and the brine to air heat exchangecdamsumed 30 W. This results
in average COP of 18.4. The average heat flux iperlpngth was about 3 W/m.

Ali et al. [10] experimentally investigated two gral heat exchangers in Ja-
pan. One GHE is parallel to the ground surfacethedecond one is perpendicu-
lar to ground surface. The cooper tube coated MIMAE was considered as a heat
exchanger material. The loop diameter is aboutahch7 m in length. Each GHE
has 39.5 m in tube length. Water was considerdlealseat carrier. The heat flux
is a heat output per unit tube length. For shartitperiod up to 1 hour the heat
flux reaches about 5 W/m, but for long-term op@m(96 h) the heat flux is about
3 W/m. Naili et al. [11] presents an experimentadlgsis of horizontal ground
heat exchanger developed in Northern Tunisia. THE Gonsist of polyethylene
tube with external diameter of 20 mm and 25 m ngth, buried at the depth of
1m. Maximum heat exchange amounts ab6b0 W. Heat flux per unit tube
length is 26 W/m. Naili et al. [12] deals with eggrand exergy analysis of the
horizontal ground heat exchangers. The GHE cimuiisists of 50 m long pipe
laid out at the depth of 1 m. The GHE was usedioconditioning room of the
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area of 12 rh The average cooling load in July was about 67@n4 covered
65% of its total cooling requirement. Immediatefeathe start the heat flux was
about 38 W/m but after 60 minutes it decreasedtd/2m.

The purpose of the measurement is to determinedbkng power of the
passive air conditioner on the base of the coltketgerimental data, and to pre-
sent temperature distribution in the ground. Anrteadperature distributions in
the soil allow to estimate suitability of passiwec@nditioning in specific months.

2. Experimental set-up

The prototype passive air conditioner using theelosource of heat pump
was designed and manufactured at the Departmertiedimodynamics. The na-
tural temperature difference between the soil atdipth of two meters and the
laboratory room is used to operate the air conui#tioThe cooler ground serves
as a heat sink, while warm air in the laboratorg asurce of heat. In the labora-
tory there is a heat pump and two hot water stotagks, two central heating
buffers and a large number of pipelines; theretbege is a high temperature in
the room. Due to limited budget, it was decideddsign and develop the passive
air conditioning by the economic method. The heahp in summer and espe-
cially during the holiday season practically does work. It is a source of heat
for the support of central heating in winter, aglwe hot water. In summer, the
hot water needs are covered by solar thermal ¢ofiecThe lower source of the
heat pump is a four-loop ground spiral heat exceangl pipes of about 150 m
in length are placed in the form of a spiral atdiepth of 2 m below the ground
in trenches that are 1 m wide and 25 m long (FjgAltube with an external
diameter of 40 mm and wall thickness of 2.4 mm wsed. All four branches of
the ground heat exchanger are connected to thdatdmin the well. On the sur-
face above the dug ground heat exchanger therewsa This exchanger is loca-
ted close to the L building of the Faculty of Meoital Engineering and Aero-
nautics of Rzeszow University of Technology (Fig.The heat carrier of the heat
exchanger is a solution of 40% propylene glycalater, hereinafter referred to
as glycol, which is pumped by a WILO pump with tieminal power of200 W.
This pump can be switched on independently of @t pump by an external
relay.

This ground heat exchanger is the lower sourcé®fSTIEBEL ELTRON
WPWE heat pump installed in the same laboratorg. Adat pump has the nomi-
nal heating output of 8.3 kW (35°C/0°C) and a cagspor of 1.9-3.5 kW of elec-
tric power. For cooling of warm air in the labongtoa car radiator from Fiat Du-
cato with two fans was used. STOWEST fans witheangiter of 325 mm and the
rated power of 75 W were used (Fig. 2). The 90xd2radiator with fans was
installed on a steel support structure.
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Fig. 1. Ground heat exchanger

Fig. 2. Cooler: a) front view, b) rear
view

The hydraulic system with a three-way valve cankiotwo modes: the first
one is connecting the radiator with the ground e&ahanger and the other one is
connecting the radiator with the heat pump (Fig. T8 first mode allows to re-
ceive coolness from the ground, the second modesio create the lower source
of the heat pump from the cooler. Measurementse@lanly to the first mode
will be considered. Air conditioning was launchadMay 2015. During the mea-
surement of the cooling power of the air conditiptige heat pump was switched
off. The measuring system of the air conditionimgt consists of Pt1000 tempe-
rature sensors connected to the Keithely 3706 Aimeter. Temperature sensor
signal was automatically measured and convertaérperature in a program
written in the LabVIEW environment. The whole temgiare measurement sys-
tem was calibrated. For volumetric flow measurenagiidw meter was used. The
pulse signal as well as the temperature were reddrdthe text file at one minute
intervals. The temperature distribution aroundgraund heat exchanger was re-
corded by the use of the set-up described in datf8]. Ground temperature sen-
sors are 55 thermocouples of type T. The locatioth® thermocouples in the
ground is shown in Fig. 4. The thermocouple wasqaan the ground as shown
in Fig. 4. Measurement of the signal from the th@sauple was carried out with
a Keithley 2700 multimeter. The measurement data akaomatically saved to
a text file.
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3. Results and disscussion

The ground heat exchanger thermal power was detediy the following
equation:

P=V-p-c, (T2—T1) (1)
where: P- heat powerV — volumetric flow of glycolp — glycol densityc, —
specific heat of glycol, T1-T2 — temperature difiece.

Figure 5 shows the average inlet temperature Tlthe outlet T2 of the
glycol from the heat pump since November 2016 uhtiy 2017. The presented
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data include the period of operation of the heahpuwvith the air conditioning
switched off. It can be seen that the T1-T2 tempeeancrease of glycol flowing
through the ground heat exchanger is on averag€ 4B3om the beginning of
December to the end of May, the temperature ofjyol leaving the heat pump
is below 0°C. The temperature distribution shoves the local minimum average
temperature of glycol falls on mid-February. Thewgrd heat exchanger heats the
glycol to about 0°C in February and to 15°C in J{#ig. 5). This significantly
influences the efficiency of the heat pump andhbat power from the ground
heat exchanger (Fig. 6). The heat output of theetdveat source was measured
during operation of the heat pump for at least &fuites. It can be read from the
graph that the range of the heat output receivad the ground is in the range of
—3.2 kW to —5.5 kW. The lowest power output is reee in February. The heat
pump is able to remove up to -5.5 kW of heat frammground and cool the soil
during the autumn — winter — spring period, saipossible to use cold soil in
summer to accumulate heat from air cooling in #imtatory.
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Fig. 5. Inlet temperature T1 and outlet T2 of Fig. 6. Heat output of the lower source of the
glycol from the heat pump heat pump

The combined heat pump operation in winter and@aditioning in summer
increases efficiency of the heat pump and effigrenicthe air conditioner. The
use of an existing ground heat exchanger of heappmignificantly reduces the
investment cost of the air conditioner.

Cooling power measurements included one day oé A#) 2017. The air
conditioning was switched on at 8.00, i.e. a gly@atulation pump was started
and the fans forcing the air flow through the coalere switched on. The heat
pump was not working. The air temperature in theotatory at 8.00 was
Tamb = 27.5°C. When the glycol circulation pump wastsid, the glycol inlet
temperature for the radiator was T1 = 13.1°C, wifike outlet temperature was
T2 =15.2°C. The air conditioner worked seven haumd was off at 15.00. Before
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15.00, the inlet and outlet temperatures of glyesde T1 = 14°C and T2 = 16.1°C,
which indicates that the soil was heated and theoégature of the heat carrier
returning from the ground increased.

During air conditioning the room air temperatureswaaintained at about
25-26°C. The air temperature sensor was placeleratea undisturbed by the
cool air from the cooler. After switching off th& aonditioning, the temperature
in the laboratory raised rapidly up to 30°C at 05Big. 7). The cooling power
vs. time was shown in Fig. 8. The average coolioggy of the day was 2.2 kW.
As soon as the air conditioner was activated 41,8t@ cooling power was higher
and reached a maximum of 2.7 kW, which is due édfélet that the room tempe-
rature at this time was high and amounted 27.5°€Q the inlet temperature
was the lowest and was T1 = 12.9°C. The lower it@etperatures may indicate
unsteady heat transfer processes in the ground.
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Fig. 7. Measurement of characteristic temper#&ig. 8. Cooling power of the passive air condi-
tures; T1 — glycol temperature of the cooletjoning

T2 —temperature of the glycol outflowing from

the cooler, Tamb — ambient temperature

The day before the air conditioning was off arodrd0O, the circulation
pump was also switched off, so during the nightthated ground in the near area
of the heat exchanger pipe equalized the temperatitin the surrounding ground
in the far area. The possibility of cooling thealyin the pipes as a result of low
air temperature at night should be excluded, sineeaverage air temperature of
the previous night was about 18°C.

Temperature distributions in the ground were regist from October 15.
2013 to August 26.2014, during the heat pump omerabut before starting the
air conditioning. The temperature profile was releat at the depth of 2 m and at
the length of 14 m at 1 and 0.5 m intervals. Thidife includes two ground loops
of the heat exchanger, one with a 5 m coordinadktlaa other with a coordinate
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of 10 m (Fig. 4). In August soil temperature is kinghest. This is due to accumu-
lation of heat in summer. The lowest temperatureucin February (Fig. 9).
Since May, local heating of the ground in the naaa of the heat exchanger
leveled off because the heat pump is rarely agtiderom Fig. 9, it can also be
read that the temperature in the near area of ¢lae¢ éxchanger never reaches
temperatures below 0°C. By analyzing Fig. 9 for phepose of the air conditio-
ning exchanger, it can be concluded that in théogdrom May to the end of
August the average soil temperature rises fromQ@ih°May to 15.7°C in late
August, which is a natural process. The use oftaa@il ground heat exchanger
for air conditioning purposes will significantlydrease the temperature of the soil.
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Fig. 9. Soil temperature distribution at the dept® meters near the ground heat exchanger

The presented air conditioning using the ground bBeehanger of the heat
pump has advantages and disadvantages in comptrifmcompressor air con-
ditioners. The biggest disadvantage is high coatgrbund heat exchanger. In our
case we used the existing installation, which tesguin low investment costs.
A major disadvantage of GHE is warming the groundrdy the summer season,
which is shown in Fig. 9. The temperature of theugd from May to the end of
August increased by 6.6°C and there was no airitonohg then. During the
operation of the air conditioning and transferriveat to the ground, the tempera-
ture rise will be certainly higher: this will resth a significant reduction of the
cooling power in late summer months. Another disadizge of the described air
conditioner is the relatively low cooling power+2.2 kW in this case. It is pro-
bably possible to increase the cooling capacitgttout +5.5 kW, which is equal
to the nominal heat output of the heat pump's Idveait source, but it would then
be necessary to increase the heat transfer orotilercside, increasing the heat
transfer surface or increasing the overall heasfex coefficient.
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The biggest advantage is relatively high EER. Tinergy consumption of
the passive air conditioning is the consumptioalettricity needed to supply the
circulation pump and two fans. This power was netgured, but assuming the
nominal values of the pumps and fans the total povas about 350 W. The coef-
ficient of performance (COP) is the ratio of thelng power to the power con-
sumed by the air conditioner. By using this deiimitfor passive air conditioning,
we get an approximate COP of 6.3.

The heat flux per unit tube length is a very impottparameter. For the
investigated ground heat exchanger using the heapghe maximum heat flux
reached 9.1 W/m; the same GHE used for air comilitgp obtained maximum
heat flux of 4.5 W/m, which after a few hours desed to 3.7 W/m.

4. Conclusion

The results of passive air conditioning functionarg presented. The mea-
surements include seven hours of air conditionimgune 22, 2017. The air con-
ditioner was working in the mode of cooling theagly/solution in the ground heat
exchanger. The average seven-hour cooling powert&askW. This power is
about two times too small to effectively cool theia the considered laboratory.
The air temperature in the laboratory during openadf the air conditioner was
25-26°C. The temperature of the glycol solutioreeng the cooler was 13-14°C.
The advantage of GHP is a relatively simple corsimn and reliability as well
as high COP, while the biggest disadvantage aestment costs.
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BADANIA EKSPLOATACYJINE GRUNTOWEJ POMPY CIEPLA
| KLIMATYZACJI PASYWNEJ

Streszczenie

W artykule przedstawiono wyniki bagl@ksploatacyjnych gruntowej pompy ciepta i pasyw-
nego uktadu klimatyzacji. Pasywna klimatyzacja wykstuje dolnezrédio gruntowej pompy
ciepta oraz naturalne zimno zgromadzone w zierszegdInie w sezonie letnim. W tghe przed-
stawiono schemat hydrauliczny i zasadbiatania pasywnej klimatyzacji. Celem pomiaru byto
okreslenie mocy chtodniczej, charakterystycznych temperarozktadu temperatury w gruncie
na gkbokasci 2 m w miejscu zakopania gruntowego wymiennikepta. Przedstawiono roczne
rozktady temperatury w gruncie, ktére begmalinio wptywaj na uzyskampmoc chtodnicz. Przed-
stawiono zalety i wady zaprezentowanej pasywnejadyzacji.

Stowa kluczowe:klimatyzacja pasywna, pompa ciepta, gruntowy wymikrmiepta
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