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• Assignment 4 is due tonight (the solution will be posted 
tomorrow morning)
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• Project 1 will be graded, and feedback will be provided.
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• Midterm Exam 2
q Exam will take place next Tuesday, 04/04/23 in class (all 

students are required to attend in person) 

q Open book / open notes (laptop is allowed)

How did you study for exam 1?
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Item Backward Radial Forward
Efficiency High (80% to 86%) Medium (50% to 

77%)
Medium (50% to 

70%)

Space required High Medium Small

Speed for a given 
pressure rise

High Medium Low

Noise Good Fair Poor

Number of blades 10 to 16 6 to 10 24 to 64

Horsepower Limiting Rising Rising
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• Fan Laws ”or Affinity Laws”:
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q 𝑄: Fan volume (cfm)

q 𝑁: Rotational speed (rpm)

q 𝑃: Total pressure (in. w.c.)

q 𝑊: Brake Horsepower

q 𝜌: Fan density (lb/ft3)
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𝑊$ =
𝑄%×Δ𝑃$

6,356×𝜂&×𝜂'×𝜂(

• The total fan power is defined as:
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• The given information is given:
q Ductwork needs to be rectangular at maximum depth of 12’’
q All ductwork sizes are in even inches
q Use tees with 45-degree entry branches (e.g., SR5-13)
q Use elbow radius ratio of r/D = 1.5 (e.g., CR3-1)
q Outlet losses in outlets are 0.10 in w.c.

Supply 
Fan

900 cfm

1300 cfm

800 cfm

50 ft

10 ft

8 ft

20 ft

160 ft

3000 cfm

1400 fpm
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• Calculate the following information: 
q Pressure drop in each branch
q Draw the system characteristics curve and the fan curve and 

select a fan option
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• Solution:
q Add labels for different branches and fittings

Supply 
Fan

Balancing Damper

900 cfm

1300 cfm

800 cfm

50 ft

10 ft

8 ft

20 ft

160 ft

3000 cfm

1400 fpm

A

F

D

C

B

E

F1

F3

F2

F5

F4
F6F7
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• Solution:
q Estimate the equal friction method

𝑄!"#$ = 900 𝑐𝑓𝑚 + 800 𝑐𝑓𝑚 + 1300 𝑐𝑓𝑚 = 3000 𝑐𝑓𝑚 𝑉!"% = 1400 𝑓𝑝𝑚

0.13 in./100 ft
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Section Air Flow Rate (cfm) De (in) Length (ft) Section Loss (in. w.c.)

A-B 3,000 20 50 0.13×
50
100 = 0.065

B-C 2,100 18 8 0.13×
8
100 = 0.010

C-D 1,300 14 160 0.13×
160
100 = 0.208

B-E 900 13 10 0.13×
10
100 = 0.013

C-F 800 12 20 0.13×
20
100

= 0.026

• Solution:
q Find the friction losses at 0.13 in/100 ft
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• Solution:
q Find square duct sizes 

C-F

C-D

B-C
A-B

B-E
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• Solution:
q Add the duct sizes to the schematic 

Supply 
Fan

Balancing Damper

900 cfm

1300 cfm

800 cfm

50 ft

10 ft

8 ft

20 ft

160 ft

3000 cfm

1400 fpm

A

F

D

C

B

E

10’’x12’’

30’’x12’’
24’’x12’’

12’’x12’’

14’’x12’’F1

F3

F2

F5

F4
F6F7
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Section Air Flow 
Rate (cfm)

Duct Size 
(in)

Duct (in 
Rectangular)

Area (ft2) Velocity 
(fpm)

A-B 3,000 20 30 / 12 2.50
B-C 2,100 18 24 /12 2.00
C-D 1,300 14 14 / 12 1.17
B-E 900 13 12 / 12 1.00
C-F 800 12 10 / 12 0.83

• Solution:
q Add the rectangular values to the table

Question: How do we calculate the velocity? 
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• Solution:
q Method 1: Friction losses (in/100 ft) for round ducts
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Section Air Flow 
Rate (cfm)

Duct Size 
(in)

Duct (in 
Rectangular)

Area (ft2) Velocity 
(fpm)

A-B 3,000 20 30 / 12 2.50 1,300
B-C 2,100 18 24 /12 2.00 1,230
C-D 1,300 14 14 / 12 1.17 1,250
B-E 900 13 12 / 12 1.00 950
C-F 800 12 10 / 12 0.83 1,000

• Solution:
q Method 1: Velocity using the chart for the round ducts
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Section Air Flow 
Rate (cfm)

Duct 
Size (in)

Duct (in 
Rectangular)

Area 
(ft2)

Velocity (fpm)

A-B 3,000 20 30 / 12 2.50 (3,000)/(2.5)=1,200
B-C 2,100 18 24 /12 2.00 (2,100)/(2.0)=1,050
C-D 1,300 14 14 / 12 1.17 (1,300)/(1.17)=1,114
B-E 900 13 12 / 12 1.00 (900)/(1.0)=900
C-F 800 12 10 / 12 0.83 (800)/(0.83)=960

• Solution:
q Method 2: Velocity using the cfm and area for the rectangular 

ducts

If I use the rectangular, can I use the chart? 
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• Solution:
q Find the fitting losses (F1)

3000 cfm
2.5 ft2

2100 cfm
2.0 ft2

900 cfm
1.0 ft2

Branch

𝑄!
𝑄"

=
900 𝑐𝑓𝑚
3,000 𝑐𝑓𝑚 = 0.3

𝐴!
𝐴"

=
1.0 𝑓𝑡#

2.5 𝑓𝑡#
= 0.40

Straight

𝑄$
𝑄"

=
2,100 𝑐𝑓𝑚
3,000 𝑐𝑓𝑚 = 0.7

𝐴!
𝐴"

=
2.0 𝑓𝑡#

2.5 𝑓𝑡#
= 0.80

𝐶!" = 1.28

𝐶#" = 0.08
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• Solution:
q Find the fitting losses (F2)

2100 cfm
2.0 ft2

1300 cfm
1.17 ft2

800 cfm
0.83 ft2

Branch

𝑄!
𝑄"

=
800 𝑐𝑓𝑚
2,100 𝑐𝑓𝑚 = 0.38

𝐴!
𝐴"

=
0.83 𝑓𝑡#

2.0 𝑓𝑡#
= 0.42

Straight

𝑄$
𝑄"

=
1,300 𝑐𝑓𝑚
2,100 𝑐𝑓𝑚 = 0.62

𝐴!
𝐴"

=
1.17 𝑓𝑡#

2.0 𝑓𝑡#
= 0.59

𝐶!" = 0.94

𝐶#" = 0.034
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• Solution:
q Find the fitting losses (F3 and F4)

F3

𝐶$% = 𝐾𝐶&% = 1 0.18 = 0.18

𝐻
𝑊
=
12
14

= 0.86

F4

𝐶$' = 𝐾𝐶&% = 1 0.16 = 0.16

𝐻
𝑊
=
12
10

= 1.2
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Section Fitting 
No

Fitting 
Type

ASHRAE 
Fitting No.

Airflow 
rate 
(𝑸𝒄)

Airflow 
rate 
(𝑸𝒃)

Duct 
Size

Duct 
Area 

Loss 
Coefficient

Velocity 
(fpm)

Pv Pt

From – To Number Type ASHRAE cfm cfm 𝑊×𝐻 𝑓𝑡# 𝐶$ fpm in. w.c. in. w.c.

A-B F1 Tee 
Branch

SR5-13 3,000 2,100 24×12 2.00 0.08 1,050 0.069 0.0055

F1 Tee 
Branch

SR5-13 3,000 900 12×12 1.00 1.28 900 0.050 0.646

B-C F2 Tee 
Branch

SR5-13 2,100 1,300 14×12 1.17 0.034 1,111 0.077 0.0026

F2 Tee 
Branch

SR5-13 2,100 800 10×12 0.83 0.94 960 0.058 0.0541

C-D F3 Elbow CR3-1 1,300 1,300 14×12 1.17 0.18 1,111 0.077 0.0139

C-F F4 Elbow CR3-1 800 800 10×12 0.83 0.16 964 0.058 0.0093

• Solution: Compute fittings
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Path Note Duct Fitting Duct Fitting Duct Fitting Device Total Differential
Path ΔP

ABCD Path/Fitting 
Duct

AB F1 BC F2 CD F3 Outlet in w.c. in w.c.

0.0650 0.0055 0.0104 0.0026 0.208 0.0139 0.1 0.405 0.000

ABCF Path/Fitting 
Duct

AB F1 BC F2 CF F4 Outlet in w.c. Path ΔP

0.0650 0.0055 0.0105 0.0541 0.026 0.0093 0.1 0.370 -0.135

ABE Path/Fitting 
Duct

AB F1 BE --- -- -- Outlet in w.c. Path ΔP

0.0650 0.0646 0.013 --- 0.1 0.243 -0.163

𝚫𝐏 (in. w.c.)

• Solution: Pressure loss summary

Critical Path
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• Solution: Select the fan
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• Solution: 
q Select one of the fans from the list. For example:
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• Solution: 
q Look at the fan curve
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• Solution: 
q Look at the family of fans
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• Solution: 
q If you want to use the manufacture datasheets without the 

software?

https://content.greenheck.com/public/DAMProd/Original/10003/SQBSQ_catalog.pdf

https://content.greenheck.com/public/DAMProd/Original/10003/SQBSQ_catalog.pdf
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• Solution: 
q Select the fan that meets your pressure drop and the volume flow 

rate:

What was the cfm and pressure drop for this example?
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• Solution: 
q Select the fan that meets your pressure drop and the volume flow 

rate:
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• See Chapter 21 for another duct design example 
(Examples 8 and 9)



WHAT ELSE SHOULD WE CONSIDER? 
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• The air distribution includes various components:

https://www.nrel.gov/docs/fy03osti/29166.pdf

https://www.nrel.gov/docs/fy03osti/29166.pdf


Filtration
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• What was one major recommendation to reopen 
buildings? 

https://www.ashrae.org/file%20library/technical%20resources/covid-19/ashrae-filtration_disinfection-c19-guidance.pdf

https://www.ashrae.org/file%20library/technical%20resources/covid-19/ashrae-filtration_disinfection-c19-guidance.pdf


Filtration
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• Let’s look at some manufacture data

https://www.dwyer-inst.com/PDF_files/Priced/DF13_cat.pdf

https://www.dwyer-inst.com/PDF_files/Priced/DF13_cat.pdf


Filtration
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• Let’s look at some manufacture data (MERV 8)

https://www.dwyer-inst.com/PDF_files/Priced/DF8_cat.pdf

Why does it say initial resistance?

https://www.dwyer-inst.com/PDF_files/Priced/DF8_cat.pdf


Filtration
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• Let’s look at some manufacture data (MERV 13)

https://www.dwyer-inst.com/PDF_files/Priced/DF13_cat.pdf

https://www.dwyer-inst.com/PDF_files/Priced/DF13_cat.pdf
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• Let’s look at some manufacture data (MERV 8)

https://www.filtersales.com/pdf/novapleat_2inch_lit.pdf

https://www.filtersales.com/pdf/novapleat_2inch_lit.pdf


Filtration
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• Let’s look at some manufacture data (MERV 13)

https://leeduser.buildinggreen.com/sites/default/files/credit_documentation/EQc5_MERV13%20filter.pdf

https://leeduser.buildinggreen.com/sites/default/files/credit_documentation/EQc5_MERV13%20filter.pdf


Filtration
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https://content.greenheck.com/public/DAMProd/Original/10003/SQBSQ_catalog.pdf

• Are there other resources to calculate the pressure drop 
due to the installation of the filter?
q Fan manufacture – pay attention to the MERV 

𝑃! = 𝐹×
𝑐𝑓𝑚
10,000

"

https://content.greenheck.com/public/DAMProd/Original/10003/SQBSQ_catalog.pdf
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45



Heating and Cooling Coils 
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• Heating and cooling coils:

https://oslo.daikinapplied.com/api/daikindocument/DownloadDocumentByName/Doc100/Vision%20Indoor%20Air%20Handler%20Catalog%20Daikin%20CAT%20550.pdf/

https://oslo.daikinapplied.com/api/daikindocument/DownloadDocumentByName/Doc100/Vision%20Indoor%20Air%20Handler%20Catalog%20Daikin%20CAT%20550.pdf/
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Air Handling Unit Selection
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• Heating and cooling coils:

https://www.aaon.com/Coils

https://www.aaon.com/Coils


Air Handling Unit Selection
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• Let’s look at some manufacture: Aaon

https://www.aaon.com/AirHandlers

https://www.aaon.com/AirHandlers


Air Handling Unit Selection
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• Let’s look at some manufacture: Daikin

https://oslo.daikinapplied.com/api/daikindocument/DownloadDocumentByName/Doc100/Vision%20Indoor%20Air%20Handler%20Catalog%20Daikin%20CAT%20550.pdf/

https://oslo.daikinapplied.com/api/daikindocument/DownloadDocumentByName/Doc100/Vision%20Indoor%20Air%20Handler%20Catalog%20Daikin%20CAT%20550.pdf/
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• Let’s look at some manufacture: Daikin

https://oslo.daikinapplied.com/api/daikindocument/DownloadDocumentByName/Doc100/Vision%20Indoor%20Air%20Handler%20Catalog%20Daikin%20CAT%20550.pdf/

https://oslo.daikinapplied.com/api/daikindocument/DownloadDocumentByName/Doc100/Vision%20Indoor%20Air%20Handler%20Catalog%20Daikin%20CAT%20550.pdf/
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• Let’s look at some manufacture: Daikin

https://oslo.daikinapplied.com/api/daikindocument/DownloadDocumentByName/Doc100/Vision%20Indoor%20Air%20Handler%20Catalog%20Daikin%20CAT%20550.pdf/

https://oslo.daikinapplied.com/api/daikindocument/DownloadDocumentByName/Doc100/Vision%20Indoor%20Air%20Handler%20Catalog%20Daikin%20CAT%20550.pdf/
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Hallway Ventilation
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https://www.energyvanguard.com/blog/ventilating-high-rise-multifamily-buildings-a-first-look

https://www.energyvanguard.com/blog/ventilating-high-rise-multifamily-buildings-a-first-look


Hallway Ventilation
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https://www.nrel.gov/docs/fy14osti/62313.pdf

https://www.nrel.gov/docs/fy14osti/62313.pdf


Hallway Ventilation
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https://www.energyvanguard.com/blog/ventilating-high-rise-multifamily-buildings-a-first-look

40% x 20% = 8%

https://www.energyvanguard.com/blog/ventilating-high-rise-multifamily-buildings-a-first-look
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https://www.nrel.gov/docs/fy14osti/62313.pdf

https://www.nrel.gov/docs/fy14osti/62313.pdf


INTRODUCTION TO HYDRONIC 
SYSTEMS
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Hydronic Systems
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• A system that uses water as the heat transfer medium in 
heating and cooling applications

• A system in which the heat carrier is neither consumed nor 
rejected after use but is used repeatedly by recirculation 

• Heat carriers are then circulated throughout a series of 
pipes or tubes to produce a desired room temperature 



Hydronic Systems
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Hydronic Systems
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https://inspectapedia.com/heat/Cold_Radiator_Repair.php

• Boilers

https://inspectapedia.com/heat/Cold_Radiator_Repair.php


Hydronic Systems
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• Hydronic vs electric baseboards considerations:
q Initial cost
q Energy efficiency
q Performance (e.g., warm up, duration)

https://homeverity.com/hydronic-baseboard-heaters-vs-electric/
https://www.primebuyersreport.org/industry/atlantic-county-nj/atlantic-county/air-conditioning-heating-ventilation-contractors/



Hydronic Systems

63https://www.homedepot.com/p/Rheem-Performance-40-Gal-Short-6-Year-38-000-BTU-Natural-Gas-Tank-Water-Heater-XG40S06HE38U0/204321639?cm_mmc=Shopping%7CG%7CVF%7CD26P%7C26-
10_WATER_HEATERS%7CRheem%7CPLA%7c71700000033150354%7c58700003868932471%7c92700031086650195&gclid=Cj0KCQjwjpjkBRDRARIsAKv-0O0b0R1tJLZzrGIcr5jyyvf6j5q6-
PsQ7HTNl7RaXcHrLSlFm8MtFRoaApx4EALw_wcB&gclsrc=aw.ds            https://www.pvi.com/products/commercial-hot-water-storage-tanks.htm

• Hot Water Storage Tanks

Commercial
• Vertical (150 gallons to 4,000 gallons)
• Horizontal (250 gallons to 4,000 gallons)

Residential
• Vertical (40 gallons)
• 34,000 – 40,000 Btu



Hydronic Systems
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https://express.google.com/u/0/product/2600371301634687312_7920860133981164464_7472660?utm_source=google_shopping&utm_medium=tu_prop&utm_content=eid-lsjeuxoeqt&gtim=CNHuioe1w5C3-
AEQscvZ7cHH4I8hGKDuz8YCIgNVU0Qo8OjF5AUwlIzIAw&utm_campaign=7472660&gclid=Cj0K

• Tankless water heater

Advantages and setbacks?

https://express.google.com/u/0/product/2600371301634687312_7920860133981164464_7472660?utm_source=google_shopping&utm_medium=tu_prop&utm_content=eid-lsjeuxoeqt&gtim=CNHuioe1w5C3-AEQscvZ7cHH4I8hGKDuz8YCIgNVU0Qo8OjF5AUwlIzIAw&utm_campaign=7472660&gclid=Cj0KCQjwjpjkBRDRARIsAKv-0O3N-XXsUCNy_RxlVmqT0J3cjJiVay4Oo8njzlDUpGKN0IUP-Gri3AQaAjlsEALw_wcB
https://express.google.com/u/0/product/2600371301634687312_7920860133981164464_7472660?utm_source=google_shopping&utm_medium=tu_prop&utm_content=eid-lsjeuxoeqt&gtim=CNHuioe1w5C3-AEQscvZ7cHH4I8hGKDuz8YCIgNVU0Qo8OjF5AUwlIzIAw&utm_campaign=7472660&gclid=Cj0KCQjwjpjkBRDRARIsAKv-0O3N-XXsUCNy_RxlVmqT0J3cjJiVay4Oo8njzlDUpGKN0IUP-Gri3AQaAjlsEALw_wcB
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https://www.lghvacstory.com/chillers/

• Chilled water

https://www.lghvacstory.com/chillers/


Hydronic Systems
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• We used a few of chapters of ASHRAE Systems Handbook: 
q Chapter 22: Pipe Design
q Chapter 13: Hydronic Heating and Cooling
q Chapter 32: Boiler
q Chapter 36: Radiators
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Basic of Hydronic Systems
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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



Basic of Hydronic Systems
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Source

Expansion 
Tank

Load

Pump

Piping

Is this an open or closed loop system?



Basic of Hydronic Systems
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• An example is a closed-loop system is a solar hot water 
system



Basic of Hydronic Systems
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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



Basic of Hydronic Systems

72

• Another important considerations for selecting hydronic 
systems are:
q Amps / voltage / power (kW)
q Water temperature range

q Capacity (MBH, Ton, …)

q Fuel type
q Application (residential, commercial, …)



Basic of Hydronic Systems
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• Water expand as it is heated, meaning the pressure in the 
system changes

• In the installation, we use expansion tank or expansion 
chamber vessel to accommodate the increase in the 
pressure of the system:
q Look similar to a mini tank or boiler

q Located typically on top of or next to the water heater 

q Sized based on the water pressure in the system

q Avoid failure or bursting

https://westank.com/expansion-tanks/

https://westank.com/expansion-tanks/


Basic of Hydronic Systems
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• Three common expansion tank types are:
q Closed tank

q Open tank 

q Diaphragm tank

ASHRAE Systems, Chapter 13



Basic of Hydronic Systems
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• An example of installing expansion tanks in a hydronic 
systems:

ASHRAE Systems, Chapter 13


