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Motivation

Å Ground source heat exchangers (GHEX) and heat 

pumps provide highly efficient heating and cooling

Å For existing building stock few solutions exist, 

retrofitting in non-urban areas will benefit from low-

cost easy to install GHEX such as slinky, horizontal 

and earth basket GHEX

Å BUT: no integrated advanced engineering design 

tools exist for e.g. slinky loop collectors, earth 

baskets etc. - installation depend on skills of 

installers ςthey are not trained for installing these 

GHEX
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Content

Å Design tool for ground heat exchangers

Å Development of an integrated design approach

integrated tool, iterative design, design documentation

Å New calculation methods for complex GHEX topologies

ï dealing with laminar/turbulent transition

Å Far field modelling

Å Lab experiments & CFD

Å Validation

Å Performance analysis

Å Engineering tool

Å Heat pump 

Å Wrap-up: Field laboratory
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Ground Heat Exchanger - Design Process
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Ground Heat Exchanger - Design Process

Goal of the design of a ground heat exchanger is to 

determine the required the size of a GHEX

As a function of

Heating and cooling energy demand

Heating and cooling capacity

Required performance

Other boundary conditions (soil thermal parameters, drilling conditions, 
available space)

Design is not just performing the calculation, but an iterative process 
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Ground Heat Exchanger - Design Process

- Seasonalperformance and energy savingsachieved, under different boundaryconditions

(suchassoil thermalparameters,climateandbuildingcharacteristics)

- Technicaland operational life of the system, reflecting the life-expectancyof components

dependingon materialpropertiesandoperationalconditions(mainlytemperature)aswell as

the temperatureevolutionof the activatedgroundvolume.

- Balancingbetween installed capacity,baseload and peak load operation and systemsize,

the relative importance of many system characteristicsdependson the ratio of thermal

capacity and total energy delivered and is moreover affected by the seasonalbalance

betweenheatingandcooling.

- Sensitivityanalysisand validation of the final design, as many different parametersaffect

the design,but the relative importancemay vary very significantly,a sensitivityanalysisis

usuallyneededto determinethe criticaldesignparameters.



Integrated Design framework for ground heat exchangers and heat pumps

Summary roadmap for project design

Check feasibility and permits required

Collecting and evaluating data needed for the design

Thermal and hydraulic design

Defining design parameters and boundary conditions

Comparing different GHEX solutions 

Design calculations: thermal

Local process: individual GHEX construction

Global process: GHEX thermal interactions

Sensitivity

Design calculation: hydraulic (pressure drop)

Documenting the design process and results

Ground Heat Exchanger - Design Process
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Example, energy demand profile and hybridization

Iterative design: evaluate different approaches to hybridization

Ground Heat Exchanger - Design Process
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Example, peak capacity and peak load duration

Iterative design: evaluate effect of different capacities and select final 
capacity and peak load duration

Ground Heat Exchanger - Design Process
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Example, sensitivity

Iterative design: evaluate effect of different parameterizations and 
possibly collect and analyze additional data 

Adapt energy demand profile, e.g. re-evaluate cooling demand

Ground Heat Exchanger - Design Process
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Documentation

Ground Heat Exchanger - Design Process
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Computational Framework
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Computational framework

Global process ςtemperature evolution in the ground

Å Temperature evolution at GHEX wall

Å Interaction between all GHEX in ground volume

Å Include near-surface seasonal temperature variations

Å Include deep geothermal gradient

Local process ςthermal resistance fluid to ground and pressure drop

Å Set of equations to calculate the thermal resistance for different 
geometries (dealing with turbulent/laminar boundary)

Å Set of equations to calculate the pressure drop for different geometries

Å Correlations for temperature-dependent fluid properties for water, mono-
ethylene and mon-propylene glycol



Integrated Design framework for ground heat exchangers and heat pumps

Computational framework

Standardized methodology for GHEX design calculations

Å Conductive heat flow in the ground

Å Solver for temperature effect @ distance from GHEX

Å Solver for fluid temperature as function of capacity and thermal 
resistance

Å Superposition of temperature effects in space and time

Å Superposition of long term and short term response

Å Decomposition of energy-demand profile

Å G-function approach to speed-up calculations
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Computational framework

Decomposition of energy-demand profile

Å Solver only calculates for contant load for total time

Å Superposition of additional load steps solutions in time

Å Decomposition of energy-demand profile
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Computational framework

G-function
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Computational framework - global process

Finite Line Source + G-function approach

C[{ ƛǎ ǘƘŜ άǿƻǊƪƘƻǊǎŜέ ƻŦ ŎƻƴǾŜƴǘƛƻƴŀƭ όǾŜǊǘƛŎŀƭύ DI9·

G-function is standard approach for computational efficiency

1D (Vertical Borehole Heat Exchanger

2D (horizontal / slinky GHEX)

3D (Earth basket type GHEX)
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Computational framework - global process

Finite line source for vertical ground heat exchangers
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Computational framework - global process

Finite line source for slinky ground heat exchangers
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Computational framework - global process

Finite line source for spiral ground heat exchangers
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Computational framework - local process

Thermal resistance between fluid and ground

- Vertical/horizontal GHEX: U-pipe and concentric GHEX

- Slinky and earth basket: spiral type GHEX
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Computational framework - local process

Equations for 

- Critical Reynolds

- Nusselt 

- Pressure drop
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Computational framework - local process

Turbulent / laminar flow and transition zone

Å Thermal resistance (and pressure drop) depend  on fluid flow regime and 
especially laminar / turbulent boundary

Å This boundary is characterized by the Reynoldsnumber (ratio between 
inertial and viscous forces)

Å For straight pipes the  critical Reynolds number is usually taken as 2300

Å For curved pipes it is more complex and depends on the ratio d/D
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Computational framework - local process

Spiral heat exchanger
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Computational framework - local process

Thermal resistance Spiral / Straight pipe heat exchanger


