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Contents of Presentation

1. Estimation of the vertical distribution of thermal conductivity
through a TRT with optical fiber thermometers

2. Numerical simulation of Slinky-coil horizontal ground heat
exchangers (GHES)

U-tube with Optical Fiber Sensors Installation of Horizontal GHE



TRT using optical fiber thermometers

Procedures

Insert optical fiber sensors in U-tubes
before circulation of heat medium.
Record initial temperature profile.
Circulate heat medium with appropriate
heat load.

After heating period, record recovery
temperature profiles for several days for
interpretation.

Optical Fiber Thermometer
(Hitachi Cable Ltd. FTR-070)
-Resolution: 0.1K, Accuracy: 1.0K
-Min. Depth Interval: 1.0m
-Min. Time Interval: 60sec

Optical Fiber Sensors in U-tubes



TRT using optical fiber thermometers

Multi-layer Model
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TRT using optical fiber thermometers

Estimation of Thermal Conductivity

Estimate g and A by minimizing objective function F using a
nonlinear regression method.

Error in heat medium Error in vertical temperature
temperature profile

----------------------------------------------------------------------------------------------------------------------------------
.

nstep ntest nlayer

F = az(To(obs) o(cal)) +(1 0()7 (Y(Tro(obs) ro(cal))z)é

O
------------------------------------------------------------------------------------------------------------------------------------

T,: Water temperature at well outlet (K)
T,,: Outer face temperature of GHE (K)
obs: observed, cal: calculated
nstep: Number of timestep
nlayer: Number of layer
ntest: Number of comparison between measured and calculated temperature profiles

o: Weighting factor



TRT using optical fiber thermometers

Geological and Well Information
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TRT using optical fiber thermometers

Information on TRT

« Test Duration : 3 days (Circulation)
6 days (Recovery) <

« Heat Load 1 4 kW (64 W/m)
 Circulation Rate : 21 Liter/min ®
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TRT using optical fiber thermometers

Interpretation of TRT
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Modeling of Horizontal GHES

Background and contents

Background

» Slinky-coil horizontal ground heat
exchangers (HGHEs) save the
Initial cost of GSHP systems.

» The performances and optimum
design of Slinky-coil HGHESs are
not well studied.

>

Contents of research

« Long-term heating and cooling
tests

« Numerical simulation and case
studies

Installation of Slinky-coils

(Aomori, Japan)




Modeling of Horizontal GHES

Long-term field tests
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4.9m

25m

Water-air heat pump

{

'I <—— Sensor A

——» SensorB

I

< 7\ >

LR
o),

_©_

VR
<’
VR
N
= .
N

Loop 2

Sensors
G(0.75m),
H(1.5m)

qi

Pipe depth: GL-1.5m

8.0m

(00)
)

(00)
(00000)

~

Water-air heat pump

Pt

Sensor C

N—@TN

¢

CITID)
LTI
(00000)

——— SensorD

Sensor E
M) — Sensor F

VA
<’

VA
<’

VR
N

Pipe depth: GL-1.0m(Upper), -2.0m(Lower)

Schematic of field test facility

Test conditions

L ocation: Itoshima, Japan
Period: Sep. 2010 — Mar. 2011
L of loop per layer: 100m

A of soil: 1.16 W/m/K
«Capacity of heat pump: 5 kW
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Modeling of Horizontal GHES

Test results
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Loop 2 showed superior performance to Loop 1 because of the
longer heat exchanger.



Modeling of Horizontal GHES

Modeling using FEFLOW

 Slinky-coils were simplified as a flat
plate surrounded with a thin pipe.

« ) of the pipe was determined through
history matching.

« Surface boundary conditions were
calculated using sol-air temperatures
(SAT).

20.0m

v |
Flow Path (h is determined from coil pitch)

Simplification of Slinky-coils



Modeling of Horizontal GHES

Results of history matching (Loop 2)
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The numerical model well reproduced the field test results.



Modeling of Horizontal GHESs

Sensitivity Studies (Heating)
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Modeling of Horizontal GHES
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Summary

» The application of optical fiber thermometers on TRTs Is
effective to determine the optimum well length in
heterogeneous formations.

» Numerical models of Slinky-coil HGHEs were developed
using FEFLOW and was validated with field test results.
Sensitivity calculations were carried out to optimize the
design parameters of HGHES.
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