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Bruce E. Beddow, PE, CEM, GBD, a graduate of Virginia Tech has over 30 years of experience as a
professional Mechanical Engineer. He has worked as a mechanical design engineer and energy
consultant in the U.S.A., Germany and Switzerland. He has extensive practical experience in new
construction, renovation and retrofit projects for sustainable energy efficient buildings. Mr. Beddow has
managed the design and administered the construction of more than 500 million dollars in MEP
construction cost over his career.

As Project Director , Mr. Beddow is responsible for the planning, evaluation, design and commissioning
of all projects. He developed the Geo-Solar Heat Pump System which heats and cools buildings using
the sun and earth, maximizing the use of renewable energy. This system combines solar and geothermal
technologies to increase energy savings in public and commercial buildings. BZ2E specializes in
educational and municipal building types. Most of his building designs since 2001 are LEED Silver or
LEED Gold.
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1.0 0GROUND LOOP HEAT EXCHANGERS (GLHX)
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1.0 0GROUND LOOP HEAT EXCHANGER
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BACKGROUNBCLOSED LOOP SYSTEMS

Design complicated by variety of geological formations and properties that affect
thermal performance.

|dentification of materials, moisture content and water movement is an involved
process.

Thermal conductivity tests are performed for larger systems to document the
formation and restivity of the soil.

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

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

When the boreholes are concentrated in close proximity the affect of cooling
dominant or heating dominant building loads becomes more important.

The affect of building load (heating or cooling) must be simulated to determine
the long term affect on the ground temperature.

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 0GROUND LOOP HEAT EXCHANGERS (GLHX)

—— -

Vertical Bore Grouting

B Grouting of Vertical Bore
Holes Required

e Seal Borehole to Protect
Underground Aquifers

i

* Maintain Thermal contact e
between pipe and ground %

* Allow movement of pipe

B Grout Types
¢ Bentonite Based —y
e Thermally Enhanced '
e Cement Based

® Pressure Grouting from the =y
bottom up recommended SR

Courtesy ASHRAE GSHP Enginsering Manual
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1.0 0GROUND LOOP HEAT EXCHANGER

Vertical Loop

3 Circuits with 8 Bores
each Circuit
2 inch Header
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Nominal 24 Ton Configuration with %" Pipes

ATypi cal GLHX Piping From Buildings Usin
A Header to Branch Main Circuits Using Reverse Returns

ABranch Main Circuits to B#enashole Using
ALarger Systems Use 2 16 or 36 Headers
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1.0 0GROUND LOOP HEAT EXCHANGER

Figure 10:

A Vertical Boreholes Result in More Efficient Heat Pump Systems Than Horizontal

A Vertical Boreholes Require Less Overall Pipe Length Than Horizontal

A Vertical Boreholes Are More Suitable For Larger Buildings With Less Area Required
A Parking Lots or Ball Fields Make Good Locations Using Vertical Boreholes

A Use Areas That Are Typically Graded Relatively Flat

A Locate Where No New Construction Will Be Added For Roughly 50 -Years
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2.0 0CALCULATION METHODS
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A Heat From Building Rejected By GLHX Into Earth (Massive Thermal Storage
A Warm Fluid Flowing into a GLXH Cooling Down (cooling dominant)

A Thermal Storage Temperature Increases Over Time

A Circulating Fluid Temperature Increases Over Time
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20 0CALCULATI ON METHODS ( CONGOT

'/ UNDISTURBED EARTH TEMPERATURE
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A GLHX Hybrid Systems Sized For Heating Loads Will Need to Provide Heating at Design Conditions
A Circulating Fluid Temperature Change as Flows through GLHX

A Cold Fluid Flowing into a GLHX Heating up (heating mode)

A Cannot Heat Fluid Higher Than Earth Massive Thermal Storage Temperature
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20 0CALCULATI ON METHODS ( CONGOT
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ACooling Dominant: Circulating Fluid Temperature Entering the GLHX Over
Typical Day

ACooling Mode: Fluid Temperature Leaving System Rises throughout Day

ANight Setback Mode: Fluid Temperature Leaving System Declines Overtime
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20 0CALCULATI ON METHODS ( CONGOT

A. SIMPLIFIED CALCULATION METHOD

This method considers a steady state heat transfer equation
q=L(t;T t,)/R
where,

g = rate of heat transfer for the heat exchanger length (BTU/hr)
L = length of heat exchanger (bare length) (ft)

t, = temperature of the ground (°F)

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

R = thermal resistance of the ground (h - ft - ° F/BTU)

A This calculation method can be performed on a simple spreadsheet

A It is useful for quick estimating for preliminary field sizing

A Only need reasonably good calculation of peak heating and cooling loads
A Does not predict eventual GLHX thermal storage temperature over time
Als helpful to develop preliminary construction cost budgets

A Should not be used for final system sizing.
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Table 3.1
Equivalent Diameters and Thermal Resistances (R;) for Polyethylene U-tubes*
Pipe (Bore) Thermal Resistance (h-ft-°F/Btu)
X For Water 20% Prop. 20% Prop. 20% Prop.
U-tube I?m. SDR or Flows above Glycol Flow Glycol Flow Glycol Flow
(Eqv. Dia.) Schedule 2.0 gpm 3.0 gpm 5.0 gpm 10.0 gpm
SDR 11 0.09 0.12 NR NR
% in. SDR 9 0.11 0.15 NR NR
(0.15 ft) Sch 40 0.10 0.14 NR NR
SDR 11 0.09 0.14 0.10 NR
1.0 in. SDR 9 0.11 0.16 0.12 NR
(0.18 ft) Sch 40 0.10 0.15 0.11 NR
SDR 11 0.09 0.15 0.12 0.09
1% in. SDR 9 0.11 0.17 0.15 0.11
(0.22 ft) Sch 40 0.09 0.15 0.12 0.09
SDR 11 0.09! 0.16 0.15 0.09
1% in. SDR 9 0.11} 0.18 0.17 0.11
(0.25 ft) Sch 40 0.08' 0.14 0.14 0.08
*Based on using borehole cuttings for backfilling around U-tube. Use Table 3.2 corrections for other conditions
'Water flow must be at least 3.0 gpm to avoid laminar flow for these cases.

AThermal resistances for HDPE tubing
A Avoid laminar flow for size of pipe used
AValues used in GLHX sizing calculations
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20 0CALCULATI ON METHODS ( CONGOT

Table 3.2
Thermal Resistance Adjustments for Other Borehole Backfills or Grouts
(Add Values to Base Resistances in Table 3.1)

Natural Soil Cond. 0.9 Btu/h-ft-°F 1.3 Btw/h-ft-°F 1.7 Btw/h£t-°F
0.5 2.0 0.5 1.0 2.0 0.5 1.0
Bﬁ:ﬂu‘;‘v}i‘;"‘ Btw/ Btw/ Btw/ Btw/ Btw/ Btw/ Btw
h-ft-°F h-ft-°F h-ft-°F h-ft-°F h-ft-°F h-ft-°F h-ft-°F
4 in. bore
% in. U-tube 0.11 (NR) -0.05 0.14 (NR) 0.03 -0.02 0.17 (NR) 0.05
1in. U-tube 0.07 -0.03 0.09 0.02 -0.02 0.13 (NR) 0.04
5 in. bore
% in. U-tube 0.14 (NR) -0.06 0.18(NR) 0.04 -0.04 0.21 (NR) 0.06
1in. U-tube 0.11 (NR) -0.04 0.14(NR) 0.03 -0.02 0.16 (NR) 0.05
1% in. U-tube 0.06 -0.03 0.09 0.02 -0.02 0.12 (NR) 0.04
6 in. bore
% in. U-tube 0.18(NR) -0.07 0.21 (NR) 0.04 -0.05 0.24 (NR) 0.07
1in. U-tube 0.14(NR) -0.06 0.17 (NR) 0.03 -0.04 0.21 (NR) 0.06
1% in. U-tube 0.09 -0.04 0.12 (NR) 0.03 -0.02 0.15 (NR) 0.05
1% in. U-tube 0.07 -0.03 0.09 0.02 -0.02 0.11 (NR) 0.04

(NR) = Not Recommended — For low thermal conductivity grouts, use small bore.

Air Gaps add 0.2 to 0.4 h*ft-°F/Btu to Bore Resistance.
Note: some adjustments are negative, which indicates a thermal enhancement and a lower net thermal resistance compared to natural backfills.

A Thermal resistance for various grout mix designs
A These values are important and greatly affect the calculations in larger systems
A Sand/Cement grouts have higher conductivity than Cement or Bentonite grouts
A Grout mix typically designed better than soil resistance value
116 N Edwards Ferry Road, NE
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AVERAGE CONDUCTIVITY OF BOREHOLE IS 2.3 BTU/hr ft °F

116 N Edwards Ferry Road, NE
o Leesburg, VA 20176 14
S Phone: 703 737 0400

consulting



