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Motivation

‘MEETING THE FUTURE NEEDS OF ENERGY CONSUMPTION’

W Transport Sustainable energy sources:

31%
=  Solar

H Heating

49% =  Wind

=  Geothermal

= Biomass
B Electricity
20% = \Waste Heat
EU energy consumption = Others...
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Underground Heat Storage @

Horizontal ground heat exchanger (HGHE)
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Developed experimental HGHEs (loop)

= A small scale experimental solar assisted HGHEs was designed
and tested to meet a test room heating load of 1kW

= The inlet mass flowrate of the HTF was the most significant
parameter affecting heat exchange rates

= Heat exchange rates were calculated to be between 14W/m and
83W/m depending on the flowrate

= A comparison of seven soils backfills were studied
» The sand filled system operated with a better efficiency
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Thermal performance of a solar assisted horizontal ground heat exchanger
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1 Introduction
1.1, Background

Over recent vears, there har besn a shift fom conventional re-
source: toward: epargy efficint repewable sowrces of emergy for
‘building heating purposes [1]. The uze of solar enerzy i of conzider-
abls mterast because it leads to dimimuion of fossil fuels consump-
tion and iz & non-polluting sourcs of ensrzy [2). Several types of so-
lar enarg tabnz ars intagrated with hesr collection sorags svatams
and have bean developad for heating/cooling purposes in residantal
and coremercial buildingz. The main heat storage media ars water, la-
tant heat raterials and sround materials. The zround i a stabls heat
axnchangs madinm and iz essentially unlimited and alwayz avalsble
1, {GHE:) havs zzined recozmi-
tion for improved and aa_l axploitation of tharmal ansrsy from the
eround [4]. Claims mada by Garg [3] are that GHEs can 1) collact
heat mars efficiont tore more beat at & lowsr cost, 3) be
«chaaper to build, and 4) rer & higher zolar fraction with the sams

«collector ares compm=d to & water tank HGHE system maintsining a
higher level of parformance even in colder climatss [3,5].

(GHE: inztalled for baating and cooling purpozas in buildings have
bean extensively sdied by various suthors [67]. Clossd ground-
loop (GHES can sither be installed in vergcal (VGHE:) or borizontal
{H anrangement, and 2 comparison of HGHE: and VGHE:

{HCHES)

* Comuapeading artor.
Email addrazs: Vesamesn alameseDute ac 2k (V. Al-dmean)

performance was smdied by Leaetxl [8]. In thiz study, \h&l’o:u.
Was A §
ween 33 and 70 °C [9]. HGHE: consists m’he:a‘tmhmy pipas, th
pipas can come i a variety of confizurations inchding straight, codl,
slinky or loops that are buried in shallow gmmdmchs_efupm 1-
2 m depthz. A HIF (water or ant-freeze sohution) iz ciroulatad
trough the systam to extract the stored hest upon requiremsnt and
retum ths cooled HTF to the zround =torage where it gathers further
anarzy, in @ commomous cyele. HOGHE: ars suroundsd by ol and
hsnce the performance of the systar is highly dependent on groumd
hzat- 'ﬁar characteristics [1c1 Ground thanmophyzical properties

hsatmﬁm'bem‘esnthecmﬂmuzmm!heﬂm and the sur-

rounding sofl affacting the parformamce of fhe zvstam [7,11-13].
HGHE: are prefarsd ovar VGHE: for rasidential installations be-
cauza of thedr lower initial installation costs [14]). Alhoush HGHE:
offar 3 cost-affective and anvironmsmtally friendly altarmative com-
parzd to other method:, large hallow land arszs are required for pips
inzmallations end the svstem i= affected by tempsranmre fucmatons
cauzad by the systam's proxmity to the ground surface. Most GHE:
ar2 aquipped with 2 ground source hest purp (GEHE) w0 essst the
store chargs and dischargs procass and to avoid the extramsa high or
low tamperstura condition: that compromiza the snargy parformance

] Sarbu & Sebarchisvid [16] pam1d=d a datziled
literaturs regardmg of GSHP systamz, and their recem advances.
Lund gt 2l [17] reported thar G3HP: have the lagsst narzy use and
inztallad capacity, according to 2005 datz, accomting for 54.4% and
32.0% of the worldwide capacity and nza.

Title: Thermal performance of a solar
assisted horizontal ground heat
exchanger

ENERGY Journal

Authors: Yasameen Al-Ameen,
Anton lanakiev, Robert Evans
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Proposed improvements to HGHE system

Improve the efficiency and thermal performance of the system

= This can be improved by:
= |mproving the soil’s thermal properties
* Increasing the volume of soil
= Ground source heat pump (GSHP)
= |mproving the heat transfer pipe
= Thermal conductivity
= Thickness
=  Configuration
= Pipe spacing
—»| = Use waste materials with better thermal propertles
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Recycling Waste Materials €5
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Wastes from construction materials and products

industry, kt (excluding quarry wastes)

2%

8%

> 2%

Wood products
Finishes, coatings, adhesives etc

Plastic products

Basic metals and fabricated
metal products

Cabling, wiring and lighting
Glass — based products

Ceramic products

Bricks and other clay
based products

Cement, concrete, plaster etc

[ ] Stone and other non-metallic
mineral products
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Aim and objectives

‘TO INVESTIGATE THE ENHANCEMENT OF
HGHEs USING RECYCLED WASTE MATERIALS’

= |dentify waste materials to be used
= Establish material properties by experimental procedures
= Develop a numerical model simulating HGHEs

to determine temperature distributions within materials
= [Improve thermal performance of HGHEs

= Demonstrate novel storage system
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Experimental Set-up

Outlet

Containment Wall

Insulation Wall

Back-fill Material
Copper loop pipe

- | :1:62.5

125 » Thermocouples

Dimensions in mm



Backfill material selection

Criteria: waste, density, temperature, environmentally friendly
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Material thermal testing

Thermal testing in Environmental Chamber (EC)

Testing cycle regime:

 Fill container with material (= 20kg)

 Embed thermocouples in containers
« Attach thermocouples to data logger
* Put container in EC and heat to 70°C
« Take container out of EC and cool to 20°C
« Assess materials behaviour

Hole in lid and insulation to let
thermocouple sensor wires out

Tin lid
A D=23cm

Insulation

Material
Specimen

eft
K-Type
Thermocouple:

Tin shell ————»

11.5em

o
-
11.5cm™ R

FDM C-SERIES (EC)
CLIMATIC CHAMBER

R

D=23cm R=115cm R=11.5cm
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Results - Thermal testing (Materials)
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Results - Thermal testing (Materials)
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Up to 70% improvement  __ s
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Temperature (°C)

Results - Thermal testing (Additions)
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Results - Thermal testing (Gradations)
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Numerical Model Development
3D CFD simulations produced to model HGHE ANSYS

= Modelled in ANSYS Fluent 17.2 workbench N FLUENT
= Transient conductive heat transfer

o(.0T\ of.oT or " R
A +— A = pc— A
ox\_ ox) oy\ oy ot NN
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Numerical model results

Om (center)

Heating at 4hr
AO.,CS,MS
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Comparison and Validation of results
(Heating HGHEsSs; Inlet 343K; Backfill 298K)

Thermodynamic Av. Surface Av. Surface Av. Surface | Temperature
results range temperature | temperature | temperature difference
Q = mC, AT at HGHE at 0.04m at 0.06m between

p

centre (K) (K) centre and

kJ/kgK
bty (K) top (K)

LB SAND (ALSO CON, IP)
EXPERIMENTAL 10000 - 16000 329 312 306 23

LB SAND (ALSO CON, IP) )
NUMERICAL 327 309 302 25
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Conclusions JL /6 S‘

Results showed that metallic materials including CS, AO, MS, IFO,
IFN had better heat storage performance, and up to 70% improvement

The thermal capacity of the HGHE system can be doubled by using
CS,AO,MS,IFO,IFN materials instead of sand alone

IP, CON, TBR, BAC, BAF had similar performance to sand
TBW and GR underperformed

Gradation is a significant parameter in backfill selection, where
medium sized particle sizes (1.18-2.36mm) performed better by 92%
compared to course and fine gradations

The higher the percentage addition (100%) of the material blended
with the sand, the better the heat storage by 77%

The selected materials are cheap and have a high thermal capacity
Numerical and experimental results confirmed and validated
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