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1.0 ð GROUND LOOP HEAT EXCHANGERS (GLHX) (CONõT) 

A. BACKGROUND ð CLOSED LOOP SYSTEMS 

Ç Design complicated by variety of geological formations and properties that affect 

thermal performance. 

Ç Identification of materials, moisture content and water movement is an involved 

process. 

Ç Thermal conductivity tests are performed for larger systems to document the 

formation and restivity of the soil. 

Ç Rock depth is noted to help determine probable GL HX cost.  

Ç Define if and how much steel (or PVC) casing may be required. 

Ç When the boreholes are concentrated in close proximity the affect of cooling 

dominant or heating dominant building loads becomes more important. 

Ç The affect of building load (heating or cooling) must be simulated to determine 

the long term affect on the ground temperature. 

Ç Detailed energy modeling and simulations must be performed to determine the 

correct size of the ground-loop HX (# boreholes, pipe diameter, pipe length). 
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1.0 ð GROUND LOOP HEAT EXCHANGERS (GLHX) (conõt) 

ÅTypical GLHX Piping From Buildings Using 2ó Header 

ÅHeader to Branch Main Circuits Using Reverse Returns  

ÅBranch Main Circuits to Borehole Using Ĳó Vertical V-Bends 

ÅLarger Systems Use 2 İó or 3ó Headers 
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1.0 ð GROUND LOOP HEAT EXCHANGERS (GLHX) (conõt) 
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ÅVertical Boreholes Result in More Efficient Heat Pump Systems Than Horizontal  

ÅVertical Boreholes Require Less Overall Pipe Length Than Horizontal  

ÅVertical Boreholes Are More Suitable For Larger Buildings With Less Area Required  

ÅParking Lots or Ball Fields Make Good Locations Using Vertical Boreholes  

ÅUse Areas That Are Typically Graded Relatively Flat  

ÅLocate Where No New Construction Will Be Added For Roughly 50 -Years 
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2.0 ð CALCULATION METHODS 

ÅHeat From Building Rejected By GLHX Into Earth (Massive Thermal Storage  

ÅWarm Fluid Flowing into a GLXH Cooling Down (cooling dominant)  

ÅThermal Storage Temperature Increases Over Time  

ÅCirculating Fluid Temperature Increases Over Time  
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2.0 ð CALCULATION METHODS (CONõT) 

ÅGLHX Hybrid Systems Sized For Heating Loads Will Need to Provide Heating at Design Conditions  

ÅCirculating Fluid Temperature Change as Flows through GLHX  

ÅCold Fluid Flowing into a GLHX Heating up (heating mode)  

ÅCannot Heat Fluid Higher Than Earth Massive Thermal Storage Temperature  
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2.0 ð CALCULATION METHODS (CONõT) 

ÅCooling Dominant:  Circulating Fluid Temperature Entering the GLHX Over 

Typical Day  

ÅCooling Mode:  Fluid Temperature Leaving System Rises throughout Day  

ÅNight Setback Mode:  Fluid Temperature Leaving System Declines Overtime  
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2.0 ð CALCULATION METHODS (CONõT) 

ÅThis calculation method can be performed on a simple spreadsheet  

ÅIt is useful for quick estimating for preliminary field sizing  

ÅOnly need reasonably good calculation of peak heating and cooling loads  

ÅDoes not  predict eventual GLHX thermal storage temperature over time  

ÅIs helpful to develop preliminary construction cost budgets  

ÅShould not  be used for final system sizing.  
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A.  SIMPLIFIED CALCULATION METHOD 

This method considers a steady state heat transfer equation 

 

  q = L (tg ï tw) / R 

  

 where, 

 

 q = rate of heat transfer for the heat exchanger length (BTU/hr) 

 L = length of heat exchanger (bare length) (ft) 

 tg = temperature of the ground (°F) 

 tw = average temperature of the fluid in the pipes (°F/BTU) 

 R = thermal resistance of the ground (h · ft · ° F/BTU) 
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2.0 ð CALCULATION METHODS (CONõT) 

ÅThermal resistances for HDPE tubing  

ÅAvoid laminar flow for size of pipe used  

ÅValues used in GLHX sizing calculations  
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2.0 ð CALCULATION METHODS (CONõT) 

ÅThermal resistance for various grout mix designs  

ÅThese values are important and greatly affect the calculations in larger systems  

ÅSand/Cement grouts have higher conductivity than Cement or Bentonite grouts  

ÅGrout mix typically designed better than soil resistance value  
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3.0 ð COMPUTER SIMULATIONS (CONõT) 
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AVERAGE CONDUCTIVITY OF BOREHOLE IS 2.3 BTU/hr ft °F 
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