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• Do not forget about our 
Alumni Panel Event:
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• How is the project Part 2 coming along? 

• Revit Training videos are posted on Blackboard:
q Any new topic(s)?
q Are you using the AutoDesk Construction Cloud (BIM 360)?
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• The Midterm Exam 2 is graded, and the solution is posted.
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• Assignment 5 will be posted next week:
q Remember best of four will be used for grading
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• There are two main component types:

q Thermal components:
§ Heat source(s)
§ Heat load(s)
§ Expansion tank

q Hydraulic components 
§ Piping 
§ Pump
§ Expansion tank
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• There are different temperature ranges:
q Chilled Water (CHW):

§ Temperature range: 39 ºF to 50 ºF

q Condenser Water (CW): 

§ Temperature range: 55 ºF to 100 ºF

q Hot Water (HW): 

§ Temperature range: 100 ºF to 210 ºF

q High Temperature Water (HTW): 

§ Temperature range: 212 ºF to  455 ºF
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• Three common boiler types are:
q Water tube boilers

q Fire tube boiler

q Cast iron boilers

Water tube boilers

https://s3.amazonaws.com/hurstboiler/documents/HBC-09546-SERIES-600-A-2019.pdf.  & https://www.hurstboiler.com/boilers/scotch_marine/series_400#group-4
https://www.spiraxsarco.com/learn-about-steam/the-boiler-house/shell-boilers

Fire tube boilers

https://s3.amazonaws.com/hurstboiler/documents/HBC-09546-SERIES-600-A-2019.pdf
https://www.hurstboiler.com/boilers/scotch_marine/series_400
https://www.spiraxsarco.com/learn-about-steam/the-boiler-house/shell-boilers
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• Hydronic heating load devices are:
q Preheat coils in central units 
q Convectors 

q Heating coils in central units 

q Unit heaters
q Zone or central unit reheat coils 

q Fan-coil units 

q Induction unit and chilled beam coils
q Finned-tube radiation 

q Baseboard radiation 

q Water-to-Water heat exchangers
q Radiant heating panels 

https://www.grainger.com/product/5E307?gclid=Cj0KCQiAn4PkBRCDARIsAGHmH3d3NEOq6qMpb4OY9bsiK3EYG0AXZTTJvzxhmUd1LmqZX_mbJXhaI4oaAplSEALw_wcB&cm_mmc=PPC:+Google+PLA&ef_id=Cj0KCQiAn4PkBRCDARIsAGHmH3d3NEOq6qMpb4OY9bsiK3EYG0AXZTTJvzxhmUd1LmqZX_mbJXhaI4oaAplSEALw
https://www.grainger.com/category/hvac-and-refrigeration/heaters/hot-water-heating-and-supplies/hydronic-unit-heaters
https://www.alde.us/our-products/convectors/ & http://usacoil.com/tag/preheat-coils/

https://www.grainger.com/product/5E307?gclid=Cj0KCQiAn4PkBRCDARIsAGHmH3d3NEOq6qMpb4OY9bsiK3EYG0AXZTTJvzxhmUd1LmqZX_mbJXhaI4oaAplSEALw_wcB&cm_mmc=PPC:+Google+PLA&ef_id=Cj0KCQiAn4PkBRCDARIsAGHmH3d3NEOq6qMpb4OY9bsiK3EYG0AXZTTJvzxhmUd1LmqZX_mbJXhaI4oaAplSEALw_wcB:G:s&s_kwcid=AL!2966!3!264955915919!!!g!437257756459!
https://www.grainger.com/category/hvac-and-refrigeration/heaters/hot-water-heating-and-supplies/hydronic-unit-heaters
https://www.alde.us/our-products/convectors/
http://usacoil.com/tag/preheat-coils/
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• Hydronic cooling source devices are:
q Electric compression chiller 
q Thermal absorption chiller 

q Heat pump evaporator 

q Air-to-water heat exchanger (heat recovery coil) 
q Water-to-water heat exchanger 

https://instrumentationtools.com/difference-between-hvac-absorption-chillers-and-electric-chillers/

https://instrumentationtools.com/difference-between-hvac-absorption-chillers-and-electric-chillers/


Hydronic Cooling Systems
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• Hydronic cooling load devices are:
q Coils in central units
q Fan-coil units

q Induction unit and chilled beam coils 

q Radiant cooling panels
q Water-to-water heat exchangers 

https://www.ahi-carrier.gr/en/product/42nl-42nh-idrofan-hydronic-ducted-fan-coil-units/
http://www.york.com/for-your-workplace/air-systems/fan-and-blower-coil-units/floor-mounted-vertical-fan-coil-units

https://www.ahi-carrier.gr/en/product/42nl-42nh-idrofan-hydronic-ducted-fan-coil-units/
http://www.york.com/for-your-workplace/air-systems/fan-and-blower-coil-units/floor-mounted-vertical-fan-coil-units
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• The system between the source (boiler or chiller) and the 
terminal units (or devices) in rooms/zones can have the 
following configurations:
q Series 

q One pipe main 

q Two pipe (Direct or reverse return)

q Three pipe 

q Four pipe 

https://heatinghelp.com/systems-help-center/a-steam-heating-primer/

https://heatinghelp.com/systems-help-center/a-steam-heating-primer/
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• There are many piping arrangements, particularly for hot 
water systems 

• Closed-loop systems are commonly classified as two-or 
four-pipe 
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• Simple series circuit is one approach:



Basic of Hydronic Systems
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• Another approach is to use a pump in this configuration:

ASHRAE Systems, Chapter 13
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• Another approach is the series circuit with distributed load 
pumps:
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• One-pipe hydronic systems:
q Have a single pipe that acts as the supply pipe and return pipe for 

the flow loop

q Connects one terminal unit to the next terminal unit 

http://c03.apogee.net/contentplayer/?coursetype=res&utilityid=mp&id=2379

http://c03.apogee.net/contentplayer/?coursetype=res&utilityid=mp&id=2379
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https://degraceplumbing.com/steam-boilers-in-nj/

• One-pipe hydronic systems:

https://degraceplumbing.com/steam-boilers-in-nj/
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https://www.castrads.com/us/resources/installation-guides/one-pipe-steam-radiator/

• One-pipe hydronic systems:

https://www.castrads.com/us/resources/installation-guides/one-pipe-steam-radiator/
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• Two-pipe hydronic systems:
q Have a separate supply pipe and return pipe at each terminal unit

https://www.pmmag.com/articles/99627-iron-meets-microprocessor

https://www.pmmag.com/articles/99627-iron-meets-microprocessor
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• Two-pipe hydronic systems:
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• Two-pipe hydronic systems:



Hydronic System Distribution Circuits
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• Three-pipe hydronic systems:
q Have a hot-water loop and a cold-water loop so that hot or cold 

water can be introduced to any terminal unit at any time 
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• Four-pipe hydronic system:
q Uses supply and return heating piping and supply and return 

cooling piping
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• Four-pipe hydronic system (common loads):



Hydronic System Distribution Circuits
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• Four-pipe hydronic system (independent loads):



Hydronic System Distribution Circuits
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• Four-pipe hydronic system:
q Respond quickly to load changes 

q Simultaneously operation of heating and cooling system

q Higher efficiency 

q Lower operating cost but higher initial cost
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http://siglercommercial.com/wp-content/uploads/2017/10/02-Chilled-Water-Piping-Pumps.pdf

Direct

Reverse

http://siglercommercial.com/wp-content/uploads/2017/10/02-Chilled-Water-Piping-Pumps.pdf
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• Direct return:
q Water enters the first unit from supply

q Water leaves the first unit and returns directly to the source

q Unequal pressure drop

q The first unit supplied is the first unit returned 

q Balancing vales are required
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• Direct return:

LoadLoadLoad Δ𝑃! Δ𝑃" Δ𝑃#

Distance from pump

Pump

Head
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• Reverse return:
q Return direction is the same direction as the supply flow

q Water leaves the first unit and goes all the way around in 
returning to the source 

q Equal pressure drop

q The first unit supplied is the last unit returned 

q Balancing vales may be eliminated



Reverse Return
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• Reverse return:

LoadLoad

Load Δ𝑃!
Δ𝑃"

Δ𝑃#

Distance from pump

Pump

Head
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• Similar to the duct design, we rely on the ASHRAE 
Handbook
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• In hydronic systems pressure drop is calculated at feet 
per 100 feet of pipe at a given velocity 

Pipe Size Velocity (fps)
Large (≥ 12 ′′) 6-8

Medium (Between 2’’ and 12 ′′) 3-4
Small (≤ 12 ′′) 2
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• Common pipe types are:

q M is used for very thin walls
§ Optimal for interior hot and cold supply lines

q L is used for medium thickness
§ Optimal for interior hot and cold supply lines

q K is used for thickest walls
q Optimal for underground service lines

q Schedule 40
q Has a wall thickness of 0.1333” and ID of 1.049”
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• Some common fitting types are:
q Welded 
q Threaded 

https://www.theprocesspiping.com/a-short-article-on-elbow-as-pipe-fitting/

https://www.theprocesspiping.com/a-short-article-on-elbow-as-pipe-fitting/
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• The schedule number represents the thickness of the wall 
on the pipe (e.g., Schedule 40 vs Schedule 80)

• As the schedule number increases, the thicker the wall 
thickness becomes

• The Nominal Pipe Size (NPS) represents the approximate 
inside diameter (not outside) of the pipe 

• If the schedule number of a set size is changed, it affects 
the inside diameter (ID) but not the outside diameter (OD)
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• For steel pipes:



Pipe Design
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• For copper pipes:



Pipe Design
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• Common pipe types for a chilled water application are:



Pipe Design
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• Common pipe types for a heating application are:



Pipe Design
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• Common pipe types for a steam and condensate 
application are:



Pipe Design
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• Common standards and codes are:
q ASME B&PV: Boiler and Pressure Vessel Code
q ASME B31.1: Power Piping
q ASME B31.5: Refrigerant Piping
q ASME B31.8: Gas Piping
q ASME B31.9: Building Services Piping 
q NFPA 13: Installation of Sprinkler Systems
q NFPA 54: National Fuel Gas Code
q International, national, and local building codes
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𝐻#$ = 𝑓
𝐿
𝐷

𝑉%

2𝑔 + *
$&''&()*

𝐾
𝑉%

2𝑔

• We can write the friction loss in the system as:



Friction Loss in Water Pipes
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• In hydronic systems, the general range of pipe friction loss 
used for design is between 1 and 4 ft. of water per 100 ft. 
of pipe



Friction Loss in Water Pipes
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• For Types K, L, M, we can use this chart:
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• Example: Using the commercial steel pipe (Schedule 40) 
answer the following pipe sizing questions.

q Find the maximum capacity of 2” schedule 40 steel
q Size and find the velocity for the upper and lower bound when 

gpm is 1000 
q Find the pipe diameter when gpm is 3000 and the maximum 

velocity is 10 ft/s



Class Activity
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• Solution: In hydronic systems, the general range of pipe 
friction loss used for design is

Between 1 and 4 ft. of water per 100 ft. of pipe



FRICTION LOSS IN WATER FITTINGS
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• Friction loss in a water pipe fitting is equal to: 

𝐻#$ = 𝐾
𝑉%

2𝑔

Is there a difference between open or close valve? 
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𝐻+$ = 𝐾 + 𝑓
𝐿
𝐷

𝑉%

2𝑔

• Friction loss in a water pipe fitting is equal to: 



Friction Loss in Water Fittings
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• Friction loss in a water pipe fitting is equal to: 



Friction Loss in Water Fittings
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• +
,

is the equivalent length in pipe diameters of straight pipe 
that will cause the same pressure drop as the valve or 
fitting under the same flow conditions

𝐻𝑒𝑎𝑑 𝑙𝑜𝑠𝑠 𝑖𝑛 𝑎 𝑝𝑖𝑝𝑒 = 𝑓
𝐿
𝐷
𝑉%

2𝑔

𝐻𝑒𝑎𝑑 𝑙𝑜𝑠𝑠 𝑖𝑛 𝑎 𝑓𝑖𝑡𝑡𝑖𝑛𝑔 = 𝐾
𝑉%

2𝑔

𝐾 = 𝑓
𝐿
𝐷

• We also sometimes define equivalent length:
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• ASHRAE Chapter 22 has some list of equivalent lengths:



Friction Loss in Water Fittings
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• ASHRAE Chapter 22 has some list of equivalent lengths:



Equivalent Length
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• ASHRAE Chapter 22 has some list of equivalent lengths:
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Design Procedure of a Hot Water Heating System
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Determine Building &
Room Heat Loss

Determine Heating Units
Required for Each Space

Determine Type of 
Piping Arrangements

Determine & Locate All 
Piping System Components

Determine Water 
Flow Rates

Determine Piping Sizes

Determine System Head

Determine Boiler (or Chiller) 
Size Required

Determine Expansion Tank 
Size

Select Pump
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