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Background, motivation and objectives
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heat injection temperature signal slope > A R, 6,
P(t) = Py + Py.sin(wgt), Pyl > |Pq|

1- Short TRT time
2- Less test cost
3- Less labor cost

Where P, 1s the amplitude and o, 1s the angular frequency. And P, 1s a constant heat rate
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Analysis method:
1- Data Processing
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Analysis method: &ﬁ“&h punp
- Data Analysis
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Tin(t) = Ain,O- Sin(wot + (pin) (7)
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@ The relationship between the amplitude ratio of inlet and &WA

outlet temperatures 4_,/4; and the effective conductivity 4 CONFERENCE

* In this study, the authors particularly focus on the relationship between the amplitude ratio, 4
and the effective thermal conductivity A measured by the standard TRT.
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Field test set-up:

@ 220 V AC supply
(2)Ambient air temp. sensor
(3 Control panel

(4)Liquid tank

(5 Gate valve

(6Electrical heater no. 1
(DElectrical heater no. 2
Electl‘o— Magnetic flow meter
@Centn’fugal pump
@Y—stl‘ainer

(D Inverter

(2 3-Phase Thyristor no.1
@3—Phase Thyristor no.2
(dHeaters on/off switch
(3Pump on/off switch

(Data logger panel
@Heaﬁng programing panel

A

== From BHE Outlet

‘M| . mm) To BHE Inlet

P(t) = Py + P;.sin(wgt), Pyl > | Py

The heat injection rate 1s supposed to be a sinusoidal function with
the amplitude P, and the angular frequency m,, and
a constant heat rate P, by using enough capacities of thyristors.

2- OTRT Machine
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@ Field test set-up: &% _—
3- Operation of the OTRT test B

o v Sapporo, Niseko, Kai, Tokyo
| Miyoshi
N i T — ww | Borehole 250 150
. agnetic flow meter . dlam(mm)
... | Depth,(m) 300 300
/ Cable
7 U-tube single double
|1 Pipe cross- Converged Straight U
£ section
Z Di,Do(mm) 36, 43 15t U-tube 31,40
Time [hr] i U 2nd U'tUbe 27,32
Thermal Respo:i::'[l'mei:t] with various heating wave:_ I FIOW rate 50 37
[L/min.]

Test Duration is 24 hours
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Field test set-up: T
1- Site description
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~ Sapporo Miyoshi ”I/(ai Tokyo }“eff estimated from
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25 |- g s | / - | ° 3
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Fig. 1 Field study set-up, (a)Experimental sites, (b) Geological column in each site
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Results and discussions:
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Fig.(6) Undisturbed soil temperature profile at a) Sapporo, b) Niseko, ¢) Miyoshi, d) Kai, and e) Tokyo cities
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o) Results and discussions: P
2- OFS temperature profile
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Fig.(8) Fluid temperature profile at a) Sapporo, b) Niseko, ¢) Miyoshi, d) Kai, and ¢) Tokyo cities at different time
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\ Results and discussions: T
3. OTRT
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3,50 3,5 34
— 3,00 3 33
< 2,50 = 25 32
E 2,00 < T a1
E 139 E 1,5 :f 30
1,00 = X 29
< 0,50 < 1 JI ‘Qo 28
0,5
000 T s 12~30 12~60 0 ;Z
= Sapporo 1.89 1,56 162 12~14 12~20 12~24 12~14 12~20 12~24
= Niseko 1,44 1,37 1,38 [ Sz.lpporo 1,61 1,65 1,66 [ Sz.lpporo 31,35 31,45 31,43
Miyoshi NE 359 308 lNl.seko . 1,41 1,42 1,42 lNl§ek0 . 32,98 33,11 33,15
> > > Miyoshi 2,98 2,97 2,97 Miyoshi 28,9 28,74 28,82
Kai 1,71 1,86 1,95 Kai 1,71 1,73 1,73 Kai 33,57 33,44 33,33
= Tokyo 1,66 1,52 1,44 = Tokyo 1,94 1,95 1,96 ® Tokyo 32,15 32,42 32,44
Aegefrom NTRT Aogp from OTRT Amp. Ratio (4,,,4,,)

* The NTRT results show instability and differences between the three periods with a maximum value of 0.54 W/(m-K) in Miyoshi

* While the results of the OTRT show more stability and robustness with a maximum difference of 0.04 W/(m*K)in Sapporo

* The period of 14 hours of an OTRT is enough to calculate the A with an accuracy of 98 % in three sites (Sapporo, Niseko, and Miyoshi),
87% 1n one site (Kai city) and 74% in one site (Tokyo city).

* Hence the OTRT has a promising potential to save more than 77 % of the time needed for NTRT.
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@ Results and discussions:
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4- Comparison between NTRT and OTRT
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The relationship between the amplitude ratio of inlet and

outlet temperatures and the effective conductivities
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@ Conclusions &

1. Anew OTRT is proposed to decrease the TRT time from 60 hours to 14 hours and save test and labor costs by 77 %.

The effective conductivity, which the new OTRT calculates, has an RMSE of 0.25 W/(m*K) compared with the NTRT.

The new TRT machine has been built and tested successfully.

A new analysis method is developed.

A new key parameter (Amp. Ratio between Inlet and Outlet temperatures) is proposed for future investigation

AN

A linear relationship is defined between the effective conductivity and amplitude ratio,

which shows a good potential to generalize this method in future work.
Although the OTRt shows promising potential using the experimental measurements in different hydrological, geological,

and thermal conditions, this method needs a comprehensive investigation to explore and clarify the impact of these

parameters on the response and amplitude ratio. These goals are the main objectives of future studies using inclusive

computational fluid dynamics simulations and artificial intelligence.
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