
 i

 
 

GROUND-SOURCE 
HEAT PUMPS 

 
DESIGN OF GEOTHERMAL 

SYSTEMS FOR COMMERCIAL AND 
INSTITUTIONAL BUILDINGS 

 
 

Stephen P. Kavanaugh 
Kevin Rafferty 

 
H

EA
S

A

R

R

 
 

American Society of Heating, Refrigerating 
And Air-Conditioning Engineers, Inc.   

ASHRAE Customer Service  
800-527-4723, orders@ashrae.org 

Publication Code 90376 
 $69 (Members)/$86 Non-Members 

  
TABLE OF CONTENTS 
 

Chapter 1 - Introduction 
Overview and Nomenclature 
Ground-Coupled Heat Pumps   
Groundwater Heat Pumps 
Surface Water Heat Pumps  
Overview of GSHP Design 

 
Chapter 2 - Heat Pump Units  

Heat Pumps Types    
Standards for Water-to-Air Heat Pumps 
Performance of Water-to-Air Heat Pumps 
Recommendations for GSHP Equipment 
Outdoor Air and Water-to-Air Heat Pumps 

 
Chapter 3 – Fundamentals of Ground 

Exchanger Design 
Overview   
Equations for Heat Exchanger Length 
U-Tube Thermal Resistance 
Soil Properties and Ground Resistance 
Field Test for Determining Soil Properties 
Heat Rates for GCHP Systems 
GCHP System Temperatures 
Example Design Procedure (The Long Way) 
Comments of the Design of GCHPs 

Chapter 4 -Ground Exchanger Design 
Introduction  
Long Term Ground Temperature Change 
Ground Coil Calculation - Shorter Method 
Ground Coil Calculations - Computer Code 
Design Alternatives 
Discussion 

 
Chapter 5 – GCHP Pumps and Piping  

Impact of Pump Power on GCHP Efficiency 
An Example of Excessive Pump Energy Use 
Pump and Piping Design Guidelines 
GCHP Pipe and Fitting Head Losses 
Ground Coil Layout and Piping Design 
Heat Pump Connections and Interior Piping 
Pump Selection for Closed Loops 
Pump Control Options 
Hybrid - GCHP/Cooler Systems 

 
Chapter 6 - Groundwater Heat Pumps 

Introduction 
Ground Water Flow Requirements 
Wells 
Well Pumps 
Heat Exchangers 
Fluid Disposal  
Closure 

 
Chapter 7-Surface Water Heat Pumps 

Introduction 
Heat Transfer in Reservoirs 
Thermal Patterns - Reservoirs and Streams 
Closed Loop Surface Water Heat Pumps 
Closed Loop Coil Design 
Closed Loop Coil Installation 
Open Loop Surface Water Systems 
Open Loop Water Circulation Systems 
Minimum Reservoir Size 

 
Chapter 8 - Economics of GSHPs 

Containing GSHP Cost by Design 
Vertical Ground Loop Cost 
Cost Comparison of GSHPs - Small Office 
Examples of Cost Containment Options 
Operating Cost Savings - Full Load 

 
APPENDICES 

Advantages and Disadvantages of GSHPs 
Example Specs for GSHP Components 
Installation Practices 
Thermal Properties of Soils and Grouts 
Properties of Antifreeze Solutions 
HDPE Pipe Fusion Methods 
Ground Coil Flow Imbalance 
Selected Pump Curves 
HVAC Formulas 


