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Abstract

Knowledge of ground thermal properties is most important for the proper design of large
BHE(borehole heat exchanger) systems. Thermal response tests with mobile measurement devices were
first introduced in Sweden and USA in 1995. Thermal response tests have so far been used primarily
for in insitu determination of design data for BHE systems, but also for evaluation of grout material,
heat exchanger types and ground water effects. The main purpose has been to determine insitu values
of effective ground thermal conductivity, including the effect of ground-water flow and mnatural
convection in the boreholes. Test rig is set up on a small trailer, and contains a circulation pump, a
heater, temperature sensors and a data logger for recording the temperature data. A constant heat power
is injected into the borehole through the pipe system of test rig and the resulting temperature change
in the borehole is recorded. The recorded temperature data are analysed with a line-source model,
which gives the effective insitu values of rock thermal conductivity and borehole thermal resistance.
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Table 1 Summery of experimental apparatus state of the art december (2001/12)(4)
. United
Country Canada | Germany |Netherlands| Norway | Sweden |Switzerland; Turkey . US.A
Kingdom
Cruick- Gehlin and
Sanner Witt, et al. |Helgesen Eugster Paksoy |Curtis Austin, et
references Jshanks, et | o500y loony 2002 | loooay |00y |200m) 1. (2000)
al.
al.(2000) (2000)
Cart, .
configuration |Trailer Trailer Container |Trailer Trailer mobile Trailer ? Trailer
-wheel
Heat
. 32 1-6 0.05-4.5 3-12 3-11 3.9 3-12 3-6 0-4.5
injection(kW)
Feat 0.05-4.5
extraction(kW)| i o i i } i j
Manual, |controlled |[Manual, |Manual, |[semi- Manual, {Manual, Manual,
Power control {none )
6-levels AT 4-levels  |3-levels manual 4-levels |2-levels continuously
Flow rate(L/s) |0.75 0.28 0.14-0.83 [0.5-1.0 |0.5-1.0 variable 0.5-1.0 }0.25-1.0 0.2
Circulating water/
. water/P.G |water water/P.G |water/P.G |water water water water
fluid glycol
Temperature  |Not Thi - | Thermo- Th -
P ° PtIo0  |Pt100 ermos | TREMmO™ p 60 ™" | Thermistors | Thermistors
SENsors reported couples  |couples couples
Responded Not Not
+0.07K +0.2K +0.2K 0.1 +0.2K +0.1K +0.1K
accuracy reported  |reported
Not Not Not Watt Not Watt
Power sensor Watt trans kWh meter |Watt trans
reported  |reported  |reported trans reported trans
Reported Not Not Not Not Not
+2% +2% +2% +1.5%
accuracy reported  |reported  |reported reported reported
Not Not Vol Electro-
Flow sensor MagMaster Vol meter none . Vol meter
reported reported meter magnetic
Reported Not Not Not Not
02-0.9% |3% - +3% +2%
accuracy reported  |reported reported reported
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Table 2 Summery of measurements state of the art December (2001/12)(4)
. United
Country Canada | Germany |Netherlands{ Norway | Sweden |Switzerland] Turkey . USA
Kingdom
First year of | 5000 1999 1999 1998 1996 1998 2000 1999 1998
operation
Number of 1 3 1 1 1 2 1 1 >10
test rig
Total number| >35 20 50 35 7 2 6 >300
of test
Measured Hard rock,|Sand, silt, |Clay,sand, [Hard rock,|{Hard rock, |Molasse sediment Hard rock, |sedimentary,
ground type |slate Marl,shale |peat,shale [shale shale sediment ary shale clay [clay,shale
Measured Ground- Ground- . ., , | Bentonite,
BHE backfill Ground- Grout,sand water Ground- water, Grout Ground- High spﬂd enhanced
. water . water water bentonite
material Bentonite sand grout
Single-U, |, |Single-U, Single-U, Single-U, |_.
gﬁ;s"’ed Single-U |double-U  |double-U, |Single-U |double-U, i‘;‘r’b""lﬁe Single-U | with :;Zi'l‘:_%
type Energy pile |concentric concentric | &Y P geoclips
Typical 26-117m
borehole 55-91m 30-100m 120-200m {100-150m [150-300m {150m 50-70m 60-120m
(max 250m)
depth
typical 150-240mm
borehole 150-164mm [150-160me  |50-300mn  {115-140mm |110-150mm EP) 150-200mn |125-150mm |85-150mm
diameter
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Table 3 Heat balance check

ERROR= =+5.03% 6)

Transducer [Average | . % of total
) . difference
Location {reading VCpAT Average
(watt)
(watt) (watt) power
D-Y 2513.1 25978 84.7 337
K-G 3199.0 | 32025 35 0.66
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Table 4 Result from Flow meter calibration

Actual flow calibration flow
error (%)
(LPM) (LPM)
3.316 3.242 3.3
7.355 7.494 1.1
10.749 10.991 14
14.929 14.803 0.9
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Fig. 2 Thermal response test apparatus
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Table 5 Summery on the thermal response test

results
item « A Ry
Region_ [W/(m-K)] | [KAW/m)]
D-Y |8h36min 1.03 3.5 0.08
K-G |5h42min| 1.59 223 0.09
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Table 6 Measured ground type

L Volumetric
. conductivity )
Region | ground type Wim-K heat capacity
WA K vy kg
. 34 24
D-Y Granite
(2.1-4.07) | (2.05-2.96)
.. 33 2.6
K-G Granodiorite
(2.03-3.34) | (2.16-3.28)
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Fig. 7 The variation of the thermal resistance for

measurement timing (K-G region)
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