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Introduction

How to model thermal piles with sufficient 

accuracy?

...using simplest possible acceptable model (‘fit for purpose’)

...taking into account location of pipes, steel, diffusivity contrast between 

pile grout and ground?

Shear links

Reinforcement

steel

Cover

Fluid pipe

Grout

Ground
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Loveridge & Powrie, 2013

Pile responses
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DFDP 2 being drilled 2014 Whataroa

Valley, Southern Alps, New Zealand

‘Terminated’ at 818 m. . . 

Groundwater Heads reached 60m

Temperatures reached 110°C 

“Any arrangement”....
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“Any arrangement”....
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1D insights
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Pile Geometry

Aspect Ratio, AR=H/(2r
b
)
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Explicit 3D

Cecinato & Loveridge, 2015

2D cut

2D cut
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Borehole Heat Exchanger

Pile Heat Exchanger

• r
b
~0.1m

• H~10-100m

• AR~100 (neglect axial heat-flow)

• Relatively small thermal mass of 

grout (assume steady-state 

resistance for grout)

‘Rotary’ ‘CFA’

• r
b
~1m

• AR~10 (axial heat-flow)

• Significant thermal 

mass (non-steady-state 

temperatures in grout 

except at late-time)

• More U-tubes
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2D model assumptions

2D-axially symmetric heat flow:

• stationary groundwater

• homogeneous

• initial steady-state

• neglect axial heat flow

Neglect convective resistance (easily added)

Steady-state pipe resistance

Well-mixed (isothermal) fluid, constant uniform power

No other interactions or constitutive relationships



1111

Call this “Claesson-Javed Radial Model - CJRM”
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Rotary pile

Explicit Geometry (EGM)

Concrete

Concrete

Pipe

Equivalent Radial Geometry

Isothermal store,

Heat capacity varied to 

capture ‘enclosed’ part 

of pile

Pipe modelled as 

steady-state resistance, 

R
pe

=R
P
/4

Outer reinforcing 

steel ignored for 

simplicity

Model equivalence (rotary)

Total fluid heat 

capacity kept 

constant

Keep the ground and concrete properties the same 

r
pe

Numerical model Semi-analytical model

Claesson-Javed Radial Model with 

storage - CJRMS

Claesson-Javed Radial Model - CJRM
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CFA pile

Explicit Geometry (EGM)

CJRM

CJRSM

Store, in thermal 

equilibrium with pipe. 

Heat capacity equal to 

that of the central steel, 

C
S

Total fluid heat 

capacity kept 

constant

Concrete

Pipe

Equivalent Radial Geometry

r
pe

Outer reinforcing steel 

ignored for simplicity

Model equivalence (CFA)
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Javed & Spitler (2017) 10 methods vs. 10
th

order multi-pole.  

ത𝑇𝑝𝑜 − ത𝑇𝑏 = 𝑞𝑅𝑏 =
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Claesson-Javed Radial model (‘CJRM’) 
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Claesson-Javed Radial model with Storage (‘CJRMS’)
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Validation (radial diffusion)
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Aside – useful commonality
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NUMERICAL MODEL ‘EXPLICIT GEOMETRY MODEL (EGM)’



21

Simulated Thermal Response Test

• Inject constant heat into the ground (cooling a building) – 50W/m

• Early-time dominated by the fluid thermal capacity

• Late-time dominated by radial heat flow to the ground

• (with correct steady-state pipe and borehole resistances)

• (ignore axial effects which in reality will come into play at later-time)

Gehlin, 2002
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𝑇𝑓~ Τ𝑞𝑡 𝐶𝑓

Early-time Late-time (‘Jacob approximation’)

Rotary geometry (rb=300 mm) for (𝜆𝑐,𝜆𝑔) =(1,2)W/mK

Asymptotes

𝐹𝑜 = Τ𝛼𝑔𝑡 𝑟𝑏
2 > 5

𝑇𝑓 = 𝑞𝑅𝑝 1 − exp −
𝑡

𝑐𝑝𝑅𝑝
𝑇𝑓~

𝑞

4𝜋𝜆𝑔
ln

4𝜆𝑔𝑡

𝑐𝑔𝜌𝑔𝑟𝑏
2 − 0.5772 +q𝑅𝑝+ q𝑅𝑏
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Maximum fluid temperature discrepancy 0.7°C

𝑭𝒐 = Τ𝜶𝒈𝒕 𝒓𝒃
𝟐

𝚽 = Τ𝟐𝝅𝛌𝒈𝚫𝑻𝒇 𝒒

Anticipate 3D/axial effects
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Maximum fluid temperature discrepancy 0.6°C

𝑭𝒐 = Τ𝜶𝒈𝒕 𝒓𝒃
𝟐

𝚽 = Τ𝟐𝝅𝛌𝒈𝚫𝑻𝒇 𝒒

Anticipate 3D/axial effects
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Fitting – change 𝛌𝒄

Rotary 1-2.  300mm
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CJRMS 

Rotary1-2, 300mm

Makes it worse!   

Poor conjecture: not physically realistic 
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Step back – recall the simple models
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Conclusions

• Simple radial model (CJRM) performs well

• Handy addition to the quiver of semi-analytical tools

• CFA and Rotary arrangements matched

• Essentially this because the basic diffusion physics are reproduced, 

albeit embedding geometrical ‘mistakes’

• (Reinforcing steel makes little difference; not shown here)

• ‘Mid-time’ error for CJRM

• (although could reduce a little by adjusting rpe / lamba)

• Central store (CJRMS) makes worse fit: reject!

• We are in 2D...need to include axial effects for longer term simulation

• EGMs: smooth numerical error can hide

• So, care with simulating cyclic loads in numerical models...

Plus points...

Minus points...

We will now simulate a broader range of conditions 
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