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1. Introduction

1.1. Background

The increasing demand of using renewable energy has been taken as priority in
todayds engi neer i nworldpleaivs gngnedringyveaergg pilés, over t |
Ground SourcéleatPumps(GSHP)and geothermal energy extraction are all gaining
popularily as sustainable energy systdmesause of their potential to reduce primary
energy consumption and thus reduce emissions of greenhousel@sesake use
of renewable energy stored in the ground, providing one of the most exfBoggnt
ways of heating buildingg.he technology is @ll established in North America and
parts of Europe, but is at the demonstration stage in thé"UK.

The temperature of the ground is fairly constant below the frost line. The ground
is warmer in the middle of winter and cooler in the middle of sunthaar the outside
air. The geothermal energy isdirectional and it can be used for both hegand
cooling purpose A single efficient system can be used for both heating and cooling,
eliminating the need for separdteilerfurnace and aiconditionirg systemsA
GSHP harnesses heat from underground by pumping thedeighseries of buried
pipes.The system can be configured as either a closed or open loop and the loop itself

can be either horizontal or vertical.

Horizontal Loop Vertical Loop

Figure 1.1: Two images illustrate theop (South West Energy Services)

[1]. Abdeen Mustafa Omer, Growsdurce heat pumps systems and applications



During winter timegven at temperatureélat areconsideedto be cold, air,
ground andyroundvater contain useful heat that is continuously replenished by the
sun. By applying a little more energy, a heat pump can raise the temperature of this
heat energy to the level need@¢éarm groundvater will be pumped through cold
building and transfer heat to the building providing home heating or hot Whaeer.
Gpenbcolder water will then returned to the ground to form a I@ping summer
time, the system is reversed to transfer heat outelbtiilding, where it uses the
cooler ground as a heat sifilhe pump needs electricity to run, but the idea is that it
uses less electrical energy than the heat it prodiigpally, a GSHP will deliver
three or four times as much thermal energy (et} used in electrical energy to

drive the system.

Summer Winter
Figure 12: Two images illustrate the concept of GSHP in summer and winter

(Top-alternativeenergysources)

1.2. Objectives

This project aims to include a model building on the ground surface which will be
heated up using the heat from ground water. The model building will be made using
different materials to encourage or discourage heat transfer. The main outcome is
anticipatel to be a model experiment that includes heat transfer from the ground into
model buildings. The model buildings can be changédtht@ materials with different
U-valueto encourage or discourage heat transfer between building and its

environment. Heat can be extracted from ground water and used to heat up the model



buildings made from different materials. Thercmuples will be used to monitor the
temperatures within theodel building. The main aim of the project will be to
develop different types of model buildings and establish the temperature difference
that is needed to use heat from ground water efficiently to heat the buildings.
Experiments were designed to simal#ite heat transfer in summer time and
winter time.
To model heat transfer from ground water to the building and back to the ground
water
To develop different types of model buildings (different U value

To establish temperature difference in order tat tiee building efficiently

1.3. Structure of the report

The report starts wittheoryanddesign ofthe experiment irsection2. It explains
how series of experiments are designed based on existing thdoritgstrated
purpose of different experiments and why such experiments are designed.
Assumptions behind thaeoreticaldevelopment are explained.

Section 3 exhibits the experiment apparatdescribesthe running of the
experiments and how data is obtain@the source of errorare explained in this
section.

Section 4 is the most important section in this repbrcombined results and
discussionCalculations arperformedn this section as well.

Section 5 contains the main findings and possibly ideas for future work.



2. Theory and Design ofExperiment

2.1. Experiment Design

This project aims to build on tIi8D8 Flow of ground wier and heat experiment
that looked at heat transfer into grouiitie purpose of 3D8 experiment is to identify
the similarities between the flow of ground water and the flow of heat in 3bis.
experimental data is used to estimate the hydraulic condudtiwatythe soil and the
thermal conductivityp-of the soil. The existingapparatugor this experiment is a tank
of sand with water table above ground levidiere is anextraction well inside the
tank connecting to a cartridge heater and centrifugal pdimng.pumping flow rate
into the well and the heat output fronetbartridge heater can both be adjusidus
project will extend this to include a model building on the ground surface which

allowsground water to flow through it.

Power supply

=

<

JalsW MO|H

Figure 2.1 Schematic diagramtbk crosssection of the&8D8 model

The objective of this section is to producenadel building,which can allow
ground water flow through it under different condisofirst of all, the size of the
model building should be decided and fixed through all experiménts.shown in

Figure 2.2 that cepending on latitude, the temperature beneath the dppeetersof



groundsurface maintains a nearly constant temperature bet@een 12 € . The
cartridge heater is installed inside the tank at a depth oh#@0with soil depth of

300mm. In order to match the real case, a in6@el would beadequate

15m-

20m 4 . | )
W February Il Moy November .;‘«‘,;J'l_:-,!

Figure2.2: Temperature of ground throughout the year (Dimplex)
The size of the model building will B80E 50E 20 mm as shown irFigure 2.3.
Thermocouples will be installed at the inlet of flow, outlet of flow and on the block to
monitor temperatured.he flow pipe ischosen to be 16BSP which has diameter of

13.2mm.

50mm

50m

20mm$
= 1/4CBSP

Figure2.3: The drawing diagram of model building

The model buildingvasdesigned using two different materialduminum alloy
(Dural) and Perspex (Plastidyletal and plastic have gredifferencein specificheat
capacitywhich means thamount of heat required to change slaenetemperature of
an objectis great. For aluminum alloy, the specific heat capacity is 380J/kgK whilst
the specific heat capacity f&erspex is 1300J/kgK. Perspex will require much more
heat to raise the same temperature thlminum alloy. Therefore, the Walues

which signify the thermal conductivity per unit area of the material can be calculated.
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We can investigate how model burds with different Uvalues encourage or
discourage heat transfer between buildings and its environment.
Moreover, whether the building is partly sunken in ground water or completely
open to air haaneffect on heat transfer as well.
To sum up, thresets of experiments are therefore designed.
1. A:Alalloy block partly sunken in groumdhter
2. B: Al alloy block completelycontact with air
3. C: Perspex block completely contact with air
During summer time, the grouwdter is cooler than ambient aiwhen cooler
ground water is flowing through warmer building, the heat of the building will be
transferredto the groundater. As a result, the temperature of the water ffgpin
will rise and the temperature of the building will dr@uring winter time, he ground
water is hotter and the temperature of water flow in will decrease while the
temperature of the building wilhcrease In order to model the real caseseries of
experiments are designed.
1. Base line test run for 24 hours with the pump working at lowest pumping rate, i.e.
0.3 litre/min
2. Base line test run for 24 hours with heater working at 20 volts
3. Pumping at 0.3 litre/min and heater working at 30 violt2 hours
4. The model building is cooledy ice and Pumping at 0.3 litre/min and heater
working at 30 volts
For each set experiment (A, B and C), there will be four sub experimed)s (1

running.Table2.1 below will show theabbreviatiorused for each experiment.



Table2.1 Experiment Design

24h 24h 2h Ice test
0.3lI/min 20V 0.3l/min+ 30V | 0.3l/min+ 30V

Al alloy Al A2 A3 A4
(in water)

Al alloy B1l B2 B3 B4

(in air)

Perspex C1l C2 C3 C4

(in air)

2.2. Experiment Theory

Four temperatures are measured in each experiment:

T1:temperature 20mm away frotime heater in the soil deposit
T2: inlet temperaturef the block

T3: temperature of the block

T4: outlet temperaturef the block

A

How in — ~| d

TC3

YA
How out

Figure2.4 Temperature logging illustration

The theory involved in this project is simplkhe heat transfer balance is the key.

Heat transfer from water to block = Heat gain by the block + Heat loss to ambient air

More detailed calculation is shown in Section 4 and Section 5



3. Apparatus and Experimental Techniques

3.1. Apparatus

The schematic experiment set up is shown clearlifigure 3.1. The water is
pumped out from the ground at chosate, pass through thmiilding blockand back
to the ground through flow mat The cartridge heater lscated in extraction well
and the heat output could be altered by setting different veltadeere are four
thermocouples connected to the data logger measuring the ré&gampeat four

different pointsas mentioned in sectidh?2.

Power Supply
e o 0 e
Model building
- Y

Centrifugal pump

\ How meter

Cartridge heater

Figure3.1 Schematic Experiment Apparatus

Figure3.2 ExperimenApparatus



The temperatures are recorded via thermocouples andetfadedconnection of
thermocouples to the model building is shownFigure 3.3. The plastic tube is
connected to the block via a metal tube connettwe.thermocouples are glued on the
inlet and outlet metal connector which will provide the inlet/outlet teatpes
reading.Otherthermocouples are glued onto the model building itself to measure the
temperature of the blockThe temperatures are then logged into computers via

PicoLog data logger.

Figure3.3 Detailedconnection®f thermocouples to the model building

For experiment set B and C, the block is separated from the ground water by four
little supporting wood block under each corner of the model buildifige size of
four wood blocks is made to be as small as posgibleh enables the largest possible

area of the model building open to the ambient air.

Figure3.4 Wooden blocks supporting model building
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3.2. Properties of model building

Table 31 Properties of model building

Material Mass Specific heat capcity Thermal Conductivity
Al alloy 0.150kg 380 J/kgK 160 W/mK
Perspex 0.068kg 1300K/kgK 0.25 W/mK

3.3. Sources of error

1. Temperature

First of all, the temperatures at inlet andleuare measured on the metal tube
connector instead of directly measuring the ground water #dtthiough metal is
good conductor, therarestill errors in temperaturesThe temperature change of the
block and gound water flow issmall Therefore, even small errors coujyield
different resultgrom the experiment

Secondly, the ambient air temperature, i.e. the room temperature is not constant
through each set of experimenas the length of each experimenioisg. The room
temperature is varying due to the heating in the room, number of people in the room,
times of entang room etc. Especially for 24 hotests, the heating is off during the
night and the temperature in the room ghregsignificantly.

Moreover, in order to model winter condition, iceubeswere added to the
building as shown irFigure 3.5. However the ice cubes are added to the model
building by hand.When ice cubes are in contact with the metal connector or the

thermocouples, errors are hght to the results.

11



Figure3.5 Ice cube tests A4 and C4

2. Flow rate

Although the flow medr is calibrated before, it is often found that air bubbles
entered the pump and redudbd flow path.This brought errors ithe measured flow
rate. Occasionally, vasfound that the flow rate is not at desired level even it is set
correctly at the beginning of 24h test. Maliscussionn the flow rate err@will be

presentedn later sectioa

12



4. Results and Discussion

4.1. Set A experiments: Al alloy model building partly sunken

4.1.1 A1l: 24h baseline experiment with pump rate at 30ter/min

In this experiment, the heater is not turned on and groundwatepumped
through the model buildingAs shown inFigure 4.1 below the inlet flow temperature
(T2) and the outlet flow temperature (T4) are the same throughout the experiment.
This means there is no heat transferred from water to the block or from block to water.
The model building is partly sunken in ground watdre temperature of the block is
influenced by the water under the block and the ambientlag. effect of flowing
ground water is very smallhe block temperature (T3) is higher than the water flow
temperatures (T2 &T4)he reason fothis phenomenois thehigh room temperature.
In reality, the ambient temperature will be much lowdthdugh the test result did not

model the reality successfully, the apparatastestedand foundo be very sensitive

and accurate.
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Figure4.1 Temperature against tingeaph for Al
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4.1.2 A2: 24h baseline experiment wittheater at 20V

In this experiment, only the heater inside the tank is turned orVatf29pump is not
working. This means there is no ground water flowing through the model building.
Therefore, the inlet (T2) and outlet (T4) temperatures are the Jdraeonlyfactors
change the temperature of model building is the ambient temperature and the
temperature of ground waterhis experiment is done during the week when the
heater in the raon has been switched on and off at different time and there were

people moving in and outof the room.This is the reasomwhy fluctuatiors are

observed irFigure 4.2.
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Figure 4.ZTemperature against time graph f& A
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4.1.3 A3: 2h test with pump rate at 30liter /min and heater at 30V

In this experiment, the pump and the heater are working togéther.outlet
temperature (T4) is higher than the inlet temperature (T2). Cooler ground water
comes in to model building and warmer ground water leaves the builchigmeans
heat has been transferred from the building to the ground \dtesr.is modeling
summer condition aduilding got cooled down by flowing ground wateks the
modeling building is partly sunken in water, the temperature of the building will be
largely affected by theemperaturef ground water beneath itherefore, the trend of

block temperaturé€T3) is the same as the trend of ground water temperature (T1) and

T3 stays quite high.
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Figure 4.3Temperature against time graph f@& A
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4.1.4 A4: Ice cube test with pump rate at 30iter/min and heater at 30V

In this experimentce cubes wereadded to thenodel buildingonce the previous
ice cubeshave melted. This is the reasavhy there ardour significantfluctuations in
Figure 4.4 which shows the overall result¥$he second fluctuation is the best result
among the four and itiWbe analyzed

From the second fluctuation, it is shown that the block temperature (T3) is the
lowest due to the contribution of ice cubkdet temperature (T2) is higher than outlet
temperature (T4) and heat has been transferred from ground water to the colder

building. This experimensuccessfullymodeled the wintecondition

24
\Z_; 20 g W
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3 J —T1
TR AY LA |
= f T2
3 0 \ T3
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W Y
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0 500 1000 1500 2000 2500 3000
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Figure 4.4Temperature against time graph fat A
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4.2. Set B experiments: Al alloy model building above ground water

4.2.1 B1: 24h baselne experiment with pump rate at30liter/min

In this experiment, the model building is supported by ®mall wood blocks
under four corners as shown kigure 3.4. As aresult the block temperature will
only be affected by the flowing ground water into the building and the ambient
temperature. The outlet temperature (T4) is higher than the inlet temperature (T2)
until reaching the limit at 1200min. When ground water is flowiligough model
building, heat has been transferred from the building to water. The inlet temperature
and outlet temperature are being confusing after 1100min. The reason for this is that
the heating in the room has been switched on which destroy the statly

The result can be compared to experiment A1 shoviagare 4.1. Experiment B
shows a better result than experiment A as there is temperature difference between the
inlet and the outlet. When the modwrlilding is notembeddedn water, the effecof

heat transfer islearer

N
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Figure4.5 Temperature against time graph Bi
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4.2.2 B2: 24h baseline experiment with heater at 20V

In this experiment, the outlet temperature (T4) is higher that teetarhperature
(T2) throughout which indicates that the heat has been transferredotitding to
the water.However, the water inside the building is not flowirg.is the room
temperature that is affecting the block temperature (T3) and indirectly affected the
water temperature (T2 and T4) inside bthelding. The room has a highéemperature
than the temperature of the blodkherefore, heat iransferredrom the building to
the water inside the building.

Comparing to experiment A2 shown kigure 4.2 where the block temperature
(T3) is much higher than T2 and T&hen separate the block from the groundwater,

the temperature of block is naffectedby the temperature of heated ground water.
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Figure4.6 Temperature against time graph B2
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4.2.3 B3: 2h test with pump rate at 30liter /min and heater at 30V

In this case, the heater is on at 30V and pump is working at 0.3l/min. From
Figure 4.7 above, in general, the outlet temperature (T4) is higher than the inlet
temperature (T2) and the block temperature is somewhere in betWhsn.s
modelingsummer time where heat has been taken away from building by the flowing
groundwater. Cooler ground water flows in and warmer ground water flows out.

Comparing to experiment A3 shown kigure 4.3, B3 has a much lower block

temperaturgthanks to the fousupports.
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Figure4.7 Temperature against time graph B8
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4.2.4 BA4: Ice cube test with pump rate at 30I/min and heater at 30V

Again, this is an ice cube test in which ice cubes waded to themodel
building once the previous iceubeshave melted. This is the reasamhy there are
four significantfluctuations inFigure 4.8which shows the overall resulfBhe second
fluctuation is considered to be the best result. This experiment is mothedinwinter
condition where the moddluilding is very cold.It is clearly shown in graph above
that the inlet temperature (T2) is higher than the outlet temperatureT{iig)means
the warmer ground water flows into theilding and heat has been transferred from
water to thebuilding and hence coel ground water flows out from the building.

The results shown in experiment A#&iqure 4.4 is very similar to this
experiment.The effect of supporting the modblilding is not obvious since the

temperature obuilding (T3) is governed by ice cubes.
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4.3. Set C experiments: Perspex model building above ground water

4.3.1. C1: 24h baseline=xperiment with pump rate at 30 litre/min

In this experiment, there is no fixed trend of temperat#ethe beginning of the
experiment, i.e. from Omin to 400min, the outlet temperature (T4) is higher than the
inlet temperature (T2) which is indicating the modeilding is giving heat to the
water. The block temperature (T3) is higher than the othersisrmbnsistent with
summer conditionFrom 400min to 1000min, the inlet temperature (T2) is higher than
the outlet temperature (T4) which is indicating the model building is absorbing heat.
During this period, thebuilding temperature is low and is consistevith winter
condition. After 1000 min, the trend has reversed agghis experiment began on
Friday afternoon and is finished on Saturday afterndbe.reason for the fluctuation
is again because the heating system in the room. The heating is on and then is turned
off and is on again. The result of this experimennhot as good as the result in

experimenBl.
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4.3.2. C2: 24h baseline experiment wittheater at 20V

In this experiment, the outlet temperature (T4) is all the way higher than inlet
temperature (T2) which is indicating heat is gained by water. There is no water
flowing through the model buildindt is the room temperature that is affecting the
block temprature (T3) and indirectly affected the water temperature (T2 and T4)
inside thebuilding. The room has a higheéemperaturghan the temperature of the
block. Therefore, heat isansferredrom thebuildingto the water inside the building.

Comparing wih the result in experiment B2, the two grapkgy(re 4.6 and
Figure 4.10)is very similar.Although the two model building is made from different

materials, they behave in the same way.
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4.3.3. C3: 2h test with pump rate at 30liter/min and heater at 30V

In this experiment, the outlet temperature (T4) is obviously higher than the inlet
temperature (T2). Cooler ground water flows into model building and warmer ground
water flows outof the buildingback into groundHeat has been transferred from the
hot building to cool water. The temperature lfilding is the highest among all
temperaturesThis is a very good model for summer tin@utside ambient air has a
high temperature which leads to a toilding and water flows into théuilding to
cool the building down.

Comparing to the result of experiment B3Figure 4.7,the trend of temperature

is similar, C3 has shown a clearer result andthikling has a higher temperature.
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Figure4.11 Temperature against time graph &8
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4.3.4. C4: Ice cube test with pump rate at 30itre/min and heater at 30V

Again, this is an ice cube test in which ice cubes waded to themodel
building once the previous iceubeshave melted. This is the reasamhy there are
two significantfluctuations inFigure 4.12which shows the overall result§he first
fluctuation gives a good resuliThe inlet temperature (T2) is higher than the outlet
temperature (T4)This ismodelingwinter time where the building ld and warmer
ground water flows in to heat the building up.

Comparing to the result in B4, the temperature variation is gleoiddof time is
not obvious. The reason for this is that Perspex has a much lower thermal

conductivity than Al alloy.
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4.4. Pump rate correction factor

4.4.1. Theory

The theory behind these experiments is very sinigy heat balance equation

is used.

Heat transfer from water to block = Heat gain by the block + ldsatto ambient air

Theradiationheat loss to ambient air is expected to be very small compared to the
main heat transfers, so it will be neglected in caiculation First of all, a check of
the heat balance equation is necesseaking expeiment B1 & calculation example,

other calculations are done in tt@memanner.

1. Assuming the wates not flowing at this instant

At the instant of time = 450min,

T3= 20925\
T4=2082MW
T2 = 20.756\
How in A C’L How out
o T UQ ( ) § d=13157mm
Y o PurQ QU | = 50mm
Y T ¢ WAR'QU

Temperature change:

25



At this instant, the average temperature change is:

YY ™ - % Y cBoqU- (HRUQCEICX THOOUS3
Therefore, théneat transfersf model building:

0 G Y YY mMNQ— T™Hoou XToUu

The volume of water within the block at this instgAtssume water is stationary)

W P a “ Q TE VT PpHUY “ R PpTTA
, , T TOIQ
a ) " e op PG’ pr: e p MQQ

The amounbf heat that the block takes should be approximately the same as
the amount of heat that water givggnoring radiation). Now check how much

temperature would rise for this amount of heat:
0 G % Y'Y e p T°QQ tomw Tyy TOU
P Q0 X

CY4 ™ @3
Caq Y4 ¢ @igs
This temperature is calculated assuming there is no laterthrough the
block. In reality, the water is flowing even just at one instant, and the temperature
should bé T ¢ & ¢3x. The temperature ieasonablyclose the temperature

predicted.
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2. Now assuming the water within the block is actuéihying.
Taketime = 450 min to 550 min, s¥O p mni E1

Flow rate of pump = 0.3l/min

T3
T2 T4
How in J( C’L How out
Table4.1 temperature sum up for B1
At 450min 3 At 550min 3 J||+o I3

T2 20.756 20.829 20.793

T4 20.827 20.893 20.860

T3 20.925 20.996 20.961
For block:
Y4 5 ™ "X ¥t T OoT U 3
Therefore, the heat transfer of block is:
0 G Y Y'Y nszQQ T@omu X& ¥
For flowing water:
N2 Y 'S TSt @ X 3
G ™™g ETp natQé p nXfh o 0QQ
Therefore the heat transfer of water is:
. o ™ TT
0 a Y Y'Y 0 M0Q ——— re TIeX Pt UG

QU
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In theory, 0 O . However, in this case, the value of is
too large.The amount of water pumped through thalding within 100min
seems to be quitarge.As mentioned in Section 4.3, the pump rate is a source of
error. Although the flow medr was calibrated before, it is often found that air
bubbles inside the flow pathThis brought errors in measured flow rate.
Occasionally, it is found that the flow rate is not at desired level even it is set
correctly at the beghning of 24 houtest.

As an intial guess the flow rate has bedecreased by a factor of 1000et®
check the three experiment whether the pump ratke¢seaseddy 1000 times.
The same calculation method as above in the flowing water condiasrused
here Usingthe value of inlet temperaturdZ) and outlet temperature (T4,
value of model building temperature (W8as deducedChoosing the steady state
in each experiment and calculate theoreticalvalue of T3 for each 100 minutes
interval within the steadgtate. The calculation is dotieroughExcel. A plot of
theoretical T3 and real T3 will be producéithe pump rate is indeetkbcreased

by a factor of 100, the two lines will coincide.
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