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Fireplaces and Hot Air
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Roman Hypocaust System
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More Hot Air and Hot Water
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Early Warm Air Furnace Designs
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Industrial Revolution: Heating with Steam & HW
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Willis Carrier is shown in 1950, with the first centrifugal chiller built, then 
running for 27 years at the Onondaga Pottery Company in Syracuse, New York

Mr. Carrier Invents the Chiller
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Distribution

10



Moving Heat with Air vs Water vs Refrigerant
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12,000 
BTU/hr

MATH
Q = m x CpDT = mass flow x heat capacity x temperature change

Assume DT = 20 F,     Cp = 1 BTU / lb F

M = mass flow in lb/hr = volume flow x density = q (gal/min) x 8.34 
lb/gal x 60 min / hr 

Q = 500 gpm DT

Flow (GPM) = Q / DT / 500 = 12000 / 20 / 500 = 1.2 gpm



Moving Heat with Air vs Water vs Refrigerant
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12,000 
BTU/hr

MATH
Pump Power: hp = DP x GPM / 1715 x pump efficiency

DP depends on piping design! Size of pipe and how many fittings  
(sharp turns, Ts, Valves, etc).

Assume 100’ with typical rule of thumb sizing (~4 ft/100 ft):

12,000 BTU/hr requires 2 Watts of pumping power



Moving Heat with Air vs Water vs Refrigerant
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12,000 
BTU/hr

MATH
Q = m x CpDT = mass flow x heat capacity x temperature change

Assume DT = 30 F,     Cp = Air at 100 F = 0.24 BTU/lb F

M = mass flow in lb/hr = volume flow x density = q (ft3/min) / 14.3 
ft3/lb x 60 min / hr 

Q = 1 x ft3 / min x DT

Flow (ft3 /min ) = Q / DT / 1 = 12,000 / 30 / 1 = 400 cfm



Moving Heat with Air vs Water vs Refrigerant
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12,000 
BTU/hr

MATH
Fan Power: bhp = DP x CFM / 6356 x fan efficiency

DP depends on DUCTWORK design! Size of ducts and how many 
fittings  (sharp turns, Ts, Dampers, etc).

Assume 100’ with typical rule of thumb sizing (0.1” / 100’):

12,000 BTU/hr requires 8 Watts of fan power = PUMPING WINS!



Moving Heat with Air vs Water vs Refrigerant
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12,000 
BTU/hr

MATH
Refrigerant uses PHASE CHANGE at high pressure

Heat of Vaporization of R32: 168 BTU/lb

Sensible heat capacity of water: 1 BTU/lb F or 20 BTU/lb at 20 
degree DT

Sensible heat capacity of air: 0.24 BTU/lb F or 7.2 BTU/lb at 30 
degree DT

ISSUES WITH REFRIGERANT:
- High Pressure
- Leaks
- GWP & ODP
- Cost

COMPRESSOR
OUTDOOR COIL

INDOOR COIL

REFRIGERANT LINES





• Potential for water leaks
• Care must be taken to avoid condensation
• Cost of piping installation

Hydronic System Challenges
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Piping
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Image courtesy of Viaga

Image courtesy of Mega-therm



Crescent Halls
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Crescent Halls
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• ASME Standard 16 - Wrought Copper 
and Copper Alloy Solder-Joint Pressure 
Fittings

• Copper Development Association 
Soldering Procedure Specifications

• Requires no more than 30% void in the 
soldered joint



Hydronic Heating / Cooling Systems
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4 – Pipe System

Hot Water

Cold Water

Boiler

Chiller

4-Pipe Hydronic System

• Any space can heat or cool (or 
dehumidify if designed 
correctly

• Typically heated by a Chiller 
and a Boiler

• Expensive piping system!



Hydronic Heating / Cooling Systems
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4 – Pipe System

Hot Water

Cold Water

4-Pipe Hydronic System – Heat 
Pump Heat

• Boiler systems are typically 
designed for high water temps 
– 160 – 200 F

• Need to re-size terminal units 
and maybe piping to 
accommodate lower water 
temperature

• Tightening up the envelope 
makes heat pump heating 
more feasible



Hydronic Heating / Cooling Systems
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4 – Pipe System

Hot Water

Cold Water

4-Pipe Hydronic System – 4-Pipe 
Heat Pump

• One heat pump makes hot 
and cold water at the same 
time

• Greater efficiency during 
periods where chilled water 
and hot water are used 
simultaneously

• Balance of heat is 
rejected/absorbed to/from the 
outside



Hydronic Heating / Cooling Systems
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Hydronic Heating / Cooling Systems
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2 – Pipe System

Dual Temperature 
Loop

2-Pipe Hydronic System 

• Entire building either in 
heating or cooling

• Typically seasonal switch over

• Heating by heat pump or 
boiler



Hydronic Heating / Cooling Systems
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Hybrid System

2-Pipe Home 
Run to Each 
Fan Coil

MB tek



Cycle House
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Cycle House
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2-Pipe 
Runout

4-Pipe 
Header



Cycle House
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Modular Chilltrix 
Heat Pumps

6-way Valve Header



Cycle House

30Lots of options for hydronic fan coils!



Cycle House
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2-Pipe “line set” out to fan coil



Distributed Water-to-Air Heat Pumps
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2 – Pipe System

Condenser water 
loop (40-90 F)

Evaporative 
Cooling Tower

Boiler

Water-source 
heat pumps



Distributed Water-to-Air Heat Pumps (Geothermal)

33

2 – Pipe System

Condenser water 
loop (40-90 F)

GEOTHERMAL 
WELLS

Water-source 
heat pumps



Distributed Water-to-Air Heat Pumps (Pump Power)
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2 – Pipe System

Condenser water 
loop (40-90 F)

GEOTHERMAL 
WELLS

Water-source 
heat pumps

"Ground-Source Heat Pumps" Subtitle: "Design of Geothermal 
Systems for Commercial and Institutional Buildings" by: 
Stephen P. Kavanaugh and Kevin Rafferty Published by: ASHRAE



Distributed Water-to-Air Heat Pumps (Other Sources)
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2 – Pipe System

Condenser water 
loop (40-90 F)

GEOTHERMAL 
WELLS

Water-source 
heat pumps

Sewer Water or 
Other Waste 
Heat Source



Distributed Water-to-Air Heat Pumps 
(All Electric – Compressors in Series)
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2 – Pipe System

Condenser water 
loop (70-90 F)

Air-to-water 
heat pump

Water-source 
heat pumps



Heat Pump Refrigeration Cycle
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Compressors in Series
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COPoverall=COP1⋅COP2 / (COP1+COP2−1)

-10 ºF - OUTSIDE TEMP

70 ºF - LOOP (INTERMEDIATE) 
TEMP

100 ºF - ROOM SUPPLY TEMP

C

C

C



Compressors in Series
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FLASH GAS
HEAT OF 
COMPRESSION



Compressors in Series – 2 STAGE
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LESS FLASH 
GAS

COOLER 
COMPRESSION

DEPENDS ON EQUIPMENT SPECIFICS, BUT COMPESSORS IN 
SERIES CAN THEORETICALLY BE 5-15% MORE EFFICIENT





Air-to-Water Heat Pumps- Performance
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Images courtesy of LG



Air-to-Water Heat Pumps- Performance
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Images courtesy of Carrier



Air-to-Water Heat Pumps- Performance
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Images courtesy of SpacePak



Air-to-Water Heat Pumps- Performance
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Images courtesy of ECOForest

-4 F OSA Temp
158 F HW Temp

122 F OSA Temp
41 F CHW Temp



Air-to-Water Heat Pumps- Efficiency
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Efficiency Ratings for Chilltrix CX65X



Air-to-Water Heat Pumps- Performance
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Images courtesy of Arctic



Air-to-Water Heat Pumps
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Small (<6 tons) Notes

Arctic Excellent capacity at very cold climates

Chilltrix One of the highest efficiency small capacity units

Enertech Newish company. Integrated product

Mitsubishi Ecodan Integrated system / split refrigerant

Nordic Split system to avoid freezing concerns (not monoblock)



Air-to-Water Heat Pumps
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Med/Large Notes

Aermec 2-pipe and 4-pipe configurations available

Carrier 2-pipe and 4-pipe with low temperature performance

LG NRP Modular. Good efficiency. Low temperature performance

Multi-stack Integrated system

Trane Modular

EcoForest High efficiency equipment from Spain. R290. Integrated 
controls



Galen Staengl PE CPHC LEED AP
1747 Allied St., Suite L
Charlottesville, VA 22903
(434)295-8105
gstaengl@staenglengineering.com

Photo Credit: Ezra Staengl

THANK YOU


