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• Review of the graphic schematic:
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• Low limit freeze protection switch:
q Prevent cooling coils from freezing in low 

temperature

q Mounted between heating and cooling coils 

q Mounted on the supply side

q It is usually set at a fixed safety value (set 
point) which can be set as low as 34°F (1°C)

q See this link: 
https://www.youtube.com/watch?v=znktO3t
MSas

https://www.dwyer-inst.com/Product/Temperature/Switches/Mechanical/SeriesDFS2

https://www.youtube.com/watch?v=znktO3tMSas
https://www.dwyer-inst.com/Product/Temperature/Switches/Mechanical/SeriesDFS2


Assignment

8

• Freezestat:
q Present water coil low-temperature protection

q Freezestat set point typically is 37°F (3°C)

q See the link: https://www.youtube.com/watch?v=NJkJfKxaJT4

https://www.hpac.com/air-conditioning/article/20929880/freezestat-control-methods-protect-coils

https://www.youtube.com/watch?v=NJkJfKxaJT4
https://www.hpac.com/air-conditioning/article/20929880/freezestat-control-methods-protect-coils
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• Differential pressure switches 
q Low static pressure and high static pressure

q Good resources:

q https://www.dwyer-inst.com/articles/?Action=View&ArticleID=6

q https://www.dwyer-inst.com/Product/Pressure/DifferentialPressure/Switches/Series1831

https://www.dwyer-inst.com/articles/?Action=View&ArticleID=6
https://www.dwyer-inst.com/Product/Pressure/DifferentialPressure/Switches/Series1831
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• What is this?
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• What is a manometer? 

https://www.dwyer-inst.com/ApplicationGuides/?ID=11

https://www.dwyer-inst.com/ApplicationGuides/?ID=11
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• Why do we use this configuration?
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• Bourdon pressure gauge:



Recap

15

• Bourdon pressure gauge:
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• We look at the context of building automation system to 
define inputs and outputs to a controller:

Controller

Sensor 1 Actuator 1

AI (or DI)AO (or DO) AI (or DI)AO (or DO)
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• Voltage inputs are:
q Most common types are:

§ 12 VAC 

§ 12 VDC 

§ 24 VAC

§ 24 VDC

§ 120 VAC

V: Volts 
AC: Alternating Current
DC: Direct Current
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• Analog output:
q Can be used to read a variable measurement
q Examples are temperature, humidity and pressure sensor 

(e.g., 4-20 mA, 0-10 volt)
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• Closed Loop or Feedback: 
q Sensor: measures the controlled variable and transmits to the 

controller a signal (pneumatic, electric, or electronic)

q Controlled device: is typically a valve, damper, heating element, or 
variable-speed drive

q Controller: compares this value with the set point and signals to the 
controlled device for corrective action
q A controller can be hardware or software
q A hardware controller is an analog device (e.g., thermostat, humidistat, 

pressure control) that continuously receives and acts on data
q A software controller is a digital device (e.g., digital algorithm) that 

receives and acts on data on a sample-rate basis
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• Controlled devices in the building systems could vary from a 
wide range of:
q Dampers 
q Valves
q Refrigeration compressors 
q Gas valves
q Electric heating elements

What are their application?
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• Automatic dampers are used in air conditioning and 
ventilation to control airflow. They may be used:

q To modulate control to maintain a controlled variable, such as 
mixed air temperature or supply air duct static pressure

q For two-position control to initiate operation, such as opening and 
closing

q Control outside air dampers when a fan is started
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• Valves are important controlled devices in hydronic systems 
since they control:
q Heat transfer 
q Flow rates

𝑞 = 500×𝐺𝑃𝑀×Δ𝑇

Credit: Siemens
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Belimo: Damper actuator applications Guide
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• Where do we install dampers? 

Belimo: Damper actuator applications Guide
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• Geometrical information 
q Damper dimension (e.g., for rectangular (W x H) and the diameter for 

round dampers)

• Material:

q SAE 304 stainless steel

q SAE 316 stainless steel

q Aluminum 

q Galvanized steel

q Painted steel
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• The two main damper types are:
q Parallel: Blades move in the same direction

q Opposite: Blades next to each other move in the opposite direction

Belimo: Damper actuator applications Guide
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https://www.ruskin.com/doc/Id/153https://content.greenheck.com/public/DAMProd/Original/10002/ControlDampers_catalog.pdf

https://www.ruskin.com/doc/Id/153
https://content.greenheck.com/public/DAMProd/Original/10002/ControlDampers_catalog.pdf
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• Multiblade dampers are typically available in two 
arrangements

q Parallel-blade: 
q Pressure drop of the damper is about 

25% or more of the pressure in a 
subsystem 

q Good for two position (e.g., open or 
closed)

q Opposed-blade: 
q The pressure drop of the damper is less 

than 15% of the pressure in a subsystem

https://www.ruskin.com/doc/Id/153

https://www.ruskin.com/doc/Id/153
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• Flow characteristics of these two dampers are different: 

Belimo: Damper actuator applications Guide
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• Damper is NOT the only equipment that affects the flow and 
pressure drop and the flow characteristics is different. 
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• Damper authority is the ratio of open damper pressure drop 
to the total pressure drop as follow:

𝐷𝑎𝑚𝑝𝑒𝑟 𝐴𝑢𝑡ℎ𝑜𝑟𝑖𝑡𝑦 % =
𝑂𝑝𝑒𝑛 𝐷𝑎𝑚𝑝𝑒𝑟 𝑃𝑟𝑒𝑠𝑠𝑢𝑟𝑒 𝐷𝑟𝑜𝑝
𝑇𝑜𝑡𝑎𝑙 𝑆𝑦𝑠𝑡𝑒𝑚 𝑃𝑟𝑒𝑠𝑠𝑢𝑟𝑒 𝐷𝑟𝑜𝑝

×100%
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• Make sure to consider the total pressure drop of the flow 
that the damper controls

• In an ideal situation, what area does control the pressure 
drop and size of dampers in OA, RA, and EA?
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• With properly sizing dampers, their characteristics will 
complement each other and therefore the flow remains 
constant
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• What’s the damper authority here:
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• What do you think about the outdoor air dampers here?
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Belimo: Damper actuator applications Guide
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• Consider the two figures for the damper authorities and 
discuss the pattern?
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• Sizing of dampers used to follow a similar pressure drop 
calculations for minor losses
q Determine the damper pressure drop 

q Use the governing equation for the damper type to compute the 
velocity (this is like a face velocity)

q Damper size then can be computed knowing the wide-open 
damper flow and velocity, and area

𝑃!"#$%& = 𝐶'
𝑉

4005

(
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https://content.greenheck.com/public/DAMProd/Original/10002/ControlDampers_catalog.pdf

• How to calculate the pressure drop using manufacture 
datasheets:
q Fully ducted damper: 

https://content.greenheck.com/public/DAMProd/Original/10002/ControlDampers_catalog.pdf
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https://content.greenheck.com/public/DAMProd/Original/10002/ControlDampers_catalog.pdf

• How to calculate the pressure drop using manufacture 
datasheets:
q Ducted damper exhausting air into an open area:

https://content.greenheck.com/public/DAMProd/Original/10002/ControlDampers_catalog.pdf
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https://content.greenheck.com/public/DAMProd/Original/10002/ControlDampers_catalog.pdf

• How to calculate the pressure drop using manufacture 
datasheets:
q A plenum mounted damper

https://content.greenheck.com/public/DAMProd/Original/10002/ControlDampers_catalog.pdf
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https://content.greenheck.com/public/DAMProd/Original/10002/ControlDampers_catalog.pdf

• A few examples:

https://content.greenheck.com/public/DAMProd/Original/10002/ControlDampers_catalog.pdf


Sizing Dampers

46

• More examples are available here:
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• Some vendors

https://buildingcontrols.honeywell.com/subcategory/Dampers-Actuators-Valves/Dampers

https://buildingcontrols.honeywell.com/subcategory/Dampers-Actuators-Valves/Dampers
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• Some vendors

https://www.ruskin.com/doc/Id/6959

https://www.ruskin.com/doc/Id/6959
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• Some vendors

https://www.greenheck.com/products/air-control/dampers

https://www.greenheck.com/products/air-control/dampers
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• Some vendors

https://www.johnsoncontrols.com/hvac-equipment/air-distribution/dampers-and-louvers

https://www.johnsoncontrols.com/hvac-equipment/air-distribution/dampers-and-louvers
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• Form your groups

• Fill in the spreadsheet (at 3 different vendors, two 
rectangular and two circular damper; two different sizes 
consider with at least of them being sized for 12’’ x 12’’)

https://docs.google.com/spreadsheets/d/1duxKfuy1kpYNJxXT6e9bHjVBBq
UXnwBSBuR8Dkz4f7c/edit#gid=2027297225

https://docs.google.com/spreadsheets/d/1duxKfuy1kpYNJxXT6e9bHjVBBqUXnwBSBuR8Dkz4f7c/edit
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• Torque is an important factor since:
q It is required to operate a damper
q It depends on the size, type, quality, and condition of the damper, 

differential pressure and airflow 
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• There are different control action strategies:

q Two position (e.g., on / off)
q Floating (e.g., three position on / stop / off)
q Proportional
q Modulating a continuous range (e.g., 0 to 100% open)
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https://content.greenheck.com/public/DAMProd/Original/10002/ControlDampers_catalog.pdf

https://content.greenheck.com/public/DAMProd/Original/10002/ControlDampers_catalog.pdf
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https://content.greenheck.com/public/DAMProd/Original/10002/ControlDampers_catalog.pdf

• Pneumatic actuators:

https://content.greenheck.com/public/DAMProd/Original/10002/ControlDampers_catalog.pdf
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• Damper leakage classes are:

https://www.amca.org/assets/resources/public/userfiles/file/CRP%20Publications/amca_511-13.pdf

https://www.amca.org/assets/resources/public/userfiles/file/CRP%20Publications/amca_511-13.pdf
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• Damper leakage classes are:

https://www.ruskin.com/doc/id/3149

https://www.ruskin.com/doc/id/3149
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• Damper leakage requirements per ASHRAE 90.1 2019

https://ashrae.iwrapper.com/ASHRAE_PREVIEW_ONLY_STANDARDS/STD_90.1_2019

Should we consider any other standards?

https://ashrae.iwrapper.com/ASHRAE_PREVIEW_ONLY_STANDARDS/STD_90.1_2019
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• Form your groups

• Add the leakage category and leakage rate as well as 
actuator options to the list:

https://docs.google.com/spreadsheets/d/1duxKfuy1kpYNJxXT6e9bHjVBBq
UXnwBSBuR8Dkz4f7c/edit#gid=2027297225

https://docs.google.com/spreadsheets/d/1duxKfuy1kpYNJxXT6e9bHjVBBqUXnwBSBuR8Dkz4f7c/edit
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• Common damper blade types are:
q Airfoil
q Triple V-Groove

https://www.ruskin.com/doc/Id/1247 and Commercial HVAC Components
HVAC Control & Balancing Dampers 

https://www.ruskin.com/doc/Id/1247
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• What’s the difference between these blades:

https://www.ruskin.com/doc/Id/1247

https://www.ruskin.com/doc/Id/1247
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• What’s the difference between these blades:

https://www.ruskin.com/doc/Id/1247

https://www.ruskin.com/doc/Id/1247
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• What’s the difference between these blades:

https://www.ruskin.com/doc/Id/1247

https://www.ruskin.com/doc/Id/1247


Damper Blades

68

• Some examples:

Van Becelaere et al. (2005), ASHRAE 
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• Valves are important controlled devices in hydronic systems 
since they control:
q Heat transfer 
q Flow rates

𝑞 = 500×𝐺𝑃𝑀×Δ𝑇

Credit: Siemens
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• Another example of a valve installation is in variable flow 
chilled water system.
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• Valve includes different components:

https://www.shautovalve.com/pneumatic-control-valve/hts-single-seat-pneumatic-control-valve

https://www.shautovalve.com/pneumatic-control-valve/hts-single-seat-pneumatic-control-valve
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• Valves have different configurations:

q Single-seated valve
q Double-seated or balanced valve
q Three-way mixing valve 
q Three-way diverting valve
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• Single-seated valves are:

q Advantages:
v Simple design
v Simplified maintenance
v Smaller and lighter
v Good shut-off

q Disadvantages:
v It require more complex designs
v More torque is required

https://www.youtube.com/watch?v=pTzx2ecA7Dc

https://www.youtube.com/watch?v=pTzx2ecA7Dc
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• Double-seated valves are:

q Advantages:
v Lower actuator force 
v Action can be easily changed
v High flow capacity

q Disadvantages:
v Poor shut-off.
v Heavy and bulky
v More parts to service

https://www.youtube.com/watch?v=pTzx2ecA7Dc

https://www.youtube.com/watch?v=pTzx2ecA7Dc
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Valves

• Three-way mixing valve and three way diverting valves

https://www.youtube.com/watch?v=lefDVDsm4Wk

https://www.youtube.com/watch?v=lefDVDsm4Wk
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• Valve performance is expressed in terms of its flow 
characteristics. Common characteristics are:

q Equal Percentage: Each 
equal increment of opening 
increases flow by an equal 
percentage over the 
previous value

q Quick Opening: Maximum 
flow is approached as valve 
begins to open

q Linear: Opening and flow 
are related in direct 
proportion
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• Equal Percentage valves are:
q Primarily used in water applications 

q Used in systems with high pressure drops

q Used in systems that small changes are allowed 

q Utilized in systems to control temperature and pressure
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• Linear valves are:
q Primarily used in steam applications

q Can be used flow loops

q Installed in steady state systems

q Used in systems when the valve accounts for the large portion 
of the pressure drop
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• Quick opening valves are:
q Primarily used in on/off application

q Used in systems where an instant large flow is required 
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• In a valve assembly, other components are also 
important in the decision-making. Why?
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• Valve authority is the ratio of pressure drop across control 
valve at maximum flow (100%) to the total total pressure 
drop of all components in the controlled branch as follow:

• Try to keep it to 25% to 50%

𝑉𝑎𝑙𝑣𝑒 𝐴𝑢𝑡ℎ𝑜𝑟𝑖𝑡𝑦 % =
𝑂𝑝𝑒𝑛 𝑉𝑎𝑙𝑣𝑒 𝑃𝑟𝑒𝑠𝑠𝑢𝑟𝑒 𝐷𝑟𝑜𝑝
𝑇𝑜𝑡𝑎𝑙 𝑆𝑦𝑠𝑡𝑒𝑚 𝑃𝑟𝑒𝑠𝑠𝑢𝑟𝑒 𝐷𝑟𝑜𝑝

×100%
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Credit: Siemens
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• The flow coefficient is calculated as: 

𝐶! = 𝑄
𝑆𝐺
Δ𝑃

§ 𝑆𝐺: Specific gravity
§ 𝐶!: Flow coefficient 
§ 𝑄: Volumetric flow rate in gpm when valve is fully open
§ Δ𝑃: Differential pressure in psi when the valve is fully open

Why specific gravity?
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• Valves are usually sized based on the flow capacity (or flow 
coefficient) which varies under different coefficients

• The coefficient is:
q Cv in IP unit
q kvs in metric unit
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• 𝐶! is a key factor in sizing:
q With a too small value (undersized), the required flow rate will not be 

achieved even when the valve is fully opened

q With a too large value (a high control valve), it will not provide the 
desired control and may cause the system
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• Ball valves
q There is a precision ball held 

between two circular seats or 
seals

q It can be used for modulating 
applications or when full on/off 
is required

http://hvac-system-basics.blogspot.com/2012/10/ball-valve-how-it-works.html#.X2DGN5NKik4

http://hvac-system-basics.blogspot.com/2012/10/ball-valve-how-it-works.html
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• Ball valves:
q The best control is the equal percentage

q Offer various advantages:
v Relatively low cost
v High full capacity 
v Tight sealing with low torque
v High close off pressure

q The main disadvantage is the inherent dead bands

Credit: Siemens
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• Butterfly valves
q Consist of a cylindrical, flanged-end
q The best control is linear or equal percentage
q Mostly used for the open/closed applications 
q Throttling applications 
q Small pressure drop applications

Credit: Siemens
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• Butterfly valves
q Offer various advantages:

v Relatively low cost
v High full capacity 
v Low pressure drop

q They have different disadvantages:
v High torque requirements for control

Credit: Siemens
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• Globe valves
q Flow is controlled by a circular 

disk forced against or 
withdrawing form an angular ring

q Direction of the disk movement 
is parallel to the flow direction

q Mostly used in smaller pipes (up 
to 12’’)

q They have pressure drop when 
they 100% open

q They are good for flow control 
not to shutoff 
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• Globe valves
q The best control is the equal percentage or linear

q Offer various advantages:
v Suited for water and steam applications 
v Efficient and precise throttling 
v High accurate flow control

q They have different disadvantages:
v They have low flow coefficients
v Relatively higher costs than other valves
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• Gate valves
q Flow is controlled by a wedge disk fitting against machined seating 

faces
q Direction of the disk movement is perpendicular to the flow direction
q They are either fully open or fully closed
q They are not suitable for controlling flow
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• Valves have different configurations:
q Single-seated valve
q Double-seated or balanced valve
q Three-way mixing valve 
q Three-way diverting valve
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• Single-seated valves are:
q Advantages:

v Simple design
v Simplified maintenance
v Smaller and lighter
v Good shut-off

q Disadvantages:
v It require more complex designs
v More torque is required

https://www.youtube.com/watch?v=pTzx2ecA7Dc

https://www.youtube.com/watch?v=pTzx2ecA7Dc


Valve Types

100

• Double-seated valves are:
q Advantages:

v Lower actuator force 
v Action can be easily changed
v High flow capacity

q Disadvantages:
v Poor shut-off.
v Heavy and bulky
v More parts to service

https://www.youtube.com/watch?v=pTzx2ecA7Dc

https://www.youtube.com/watch?v=pTzx2ecA7Dc
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Valve Types

• Three-way mixing valve and three way diverting valves

https://www.youtube.com/watch?v=lefDVDsm4Wk

https://www.youtube.com/watch?v=lefDVDsm4Wk
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• Form 2-3 breakout groups

• Fill in the spreadsheet (at 3 different vendors, let’s consider 
each valve type

https://docs.google.com/spreadsheets/d/1duxKfuy1kpYNJxXT6e9
bHjVBBqUXnwBSBuR8Dkz4f7c/edit#gid=1540160475

https://docs.google.com/spreadsheets/d/1duxKfuy1kpYNJxXT6e9bHjVBBqUXnwBSBuR8Dkz4f7c/edit


Class Activity

104

• Let’s look at some manufacturers

https://new.siemens.com/us/en/products/buildingtechnologies/hvac/valves-actuators.html

https://new.siemens.com/us/en/products/buildingtechnologies/hvac/valves-actuators.html
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• Let’s look at some manufacturers

https://buildingcontrols.honeywell.com/subcategory/Dampers-Actuators-Valves/Valve-Actuators

https://buildingcontrols.honeywell.com/subcategory/Dampers-Actuators-Valves/Valve-Actuators
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• Let’s look at some manufacturers
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• Let’s look at some manufacturers

https://www.johnsoncontrols.com/building-automation-and-controls/hvac-controls/valves-and-actuators

https://www.johnsoncontrols.com/building-automation-and-controls/hvac-controls/valves-and-actuators

