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• Solution to Assignment 5 is posted

• If you need more extra problems on how to calculate the 
pressure loss in a piping system, please see the extra 
examples in the previous lecture

• Project Part 3 is due Tuesday night (no extension)

• We will have a building tour next Thursday (Stuart and 
Kaplan)
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• An example from the campus



Recap

6

• Find the pressure drop, GPM, and temperature difference

https://www.viessmann-us.com/content/dam/public-brands/us/pdf/technical-data-manuals/vitocrossal_200_ci2_tdm.pdf/_jcr_content/renditions/original./vitocrossal_200_ci2_tdm.pdf

https://www.viessmann-us.com/content/dam/public-brands/us/pdf/technical-data-manuals/vitocrossal_200_ci2_tdm.pdf/_jcr_content/renditions/original./vitocrossal_200_ci2_tdm.pdf


Recap
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• Determine the chiller size, coolant type (e.g., chilled water 
with glycol), temperature, and flow rate

Δ𝑇 = 𝐿𝑊𝑇 − 𝐸𝑊𝑇

𝐵𝑡𝑢
ℎ𝑟

= 𝐺𝑃𝑀×8.33Δ𝑇(℉)

𝑡𝑜𝑛 =
𝐵𝑡𝑢
ℎ𝑟

12,000

Δ𝑇 ℉ =
12,000×𝑇𝑜𝑛
500×𝐺𝑃𝑀

𝑇𝑜𝑛 =
Δ𝑇 ℉ ×𝐺𝑃𝑀

24



Recap
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• Review the temperature difference and impact of outdoor air 
temperature on the performance:



Recap
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• Include the impact of correction factors:



Recap
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• Review the performance data:



COIL SELECTION
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Coil Selection
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• Example of coils

Chilled/Hot Water Coil DX coils

https://www.greenheck.com/products/air-conditioning/hvac-coils

https://www.greenheck.com/products/air-conditioning/hvac-coils


Coil Selection
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• Example of coils

https://www.trane.com/content/dam/Trane/Commercial/global/products-systems/education-training/continuing-education-gbci-aia-pdh/HVAC-Coil-Selection-and-Optimization/APP-CMC054-EN_course%20material.pdf

https://www.trane.com/content/dam/Trane/Commercial/global/products-systems/education-training/continuing-education-gbci-aia-pdh/HVAC-Coil-Selection-and-Optimization/APP-CMC054-EN_course%20material.pdf


Coil Selection
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• What are important variables?
q Coil face area
q Number of rows of tubes
q Tube diameter
q Number of fins
q Fin surface design
q Coil circuiting
q Turbulators

https://www.trane.com/content/dam/Trane/Commercial/global/products-systems/education-training/continuing-education-gbci-aia-pdh/HVAC-Coil-Selection-and-Optimization/APP-CMC054-EN_course%20material.pdf

https://www.trane.com/content/dam/Trane/Commercial/global/products-systems/education-training/continuing-education-gbci-aia-pdh/HVAC-Coil-Selection-and-Optimization/APP-CMC054-EN_course%20material.pdf


Coil Selection
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• What do you see in this photo?



Coil Selection
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• ASHRAE Chapter 23: Systems and Equipment



Coil Selection
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• There are too many coil sizing tools:
q Greenheck: https://www.greenheck.com/resources/software/coil-

software-selection-program

q CoilCalc: http://www.coilcalc.com/

https://www.greenheck.com/resources/software/coil-software-selection-program
https://www.greenheck.com/resources/software/coil-software-selection-program
http://www.coilcalc.com/


Coil Selection
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• For Greenheck:



Coil Selection
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• For Greenheck:



Coil Selection
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• For Greenheck, you can use the following steps:

https://docs.google.com/document/d/1jp7TtvRoR_WWA4Dgi8ve-
x4jNaz8c0pyK56guhv9MTo/edit#heading=h.37y7dtapaf

https://docs.google.com/document/d/1jp7TtvRoR_WWA4Dgi8ve-x4jNaz8c0pyK56guhv9MTo/edit
https://docs.google.com/document/d/1jp7TtvRoR_WWA4Dgi8ve-x4jNaz8c0pyK56guhv9MTo/edit


PRIMARY AND SECONDARY SYSTEMS
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Primary and Secondary Systems
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• Constant-flow primary distribution with secondary pumping:



Primary and Secondary Systems
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• Compound pumping 



Primary and Secondary Systems
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• Constant flow chilled 
water system

• Variable flow chilled 
water system



Primary and Secondary Systems
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• Simplified two pipe 
diagram

• Simplified four pipe 
diagram (common loads)



OTHER ITEMS
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Other Items
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• Account for all the head losses 

https://www.daikinapplied.com/o365/api/graphapi/GetDocument/Doc100/CAT_565-2_Vision_107-169_AH-Ext.pdf/

https://www.daikinapplied.com/o365/api/graphapi/GetDocument/Doc100/CAT_565-2_Vision_107-169_AH-Ext.pdf/


Other Items
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• Account for all the head losses 

https://www.daikinapplied.com/o365/api/graphapi/GetDocument/Doc100/CAT_565-2_Vision_107-169_AH-Ext.pdf/

https://www.daikinapplied.com/o365/api/graphapi/GetDocument/Doc100/CAT_565-2_Vision_107-169_AH-Ext.pdf/


Other Items
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• Account for all flow rate (both chiller and boiler)

https://www.daikinapplied.com/o365/api/graphapi/GetDocument/Doc100/CAT_565-2_Vision_107-169_AH-Ext.pdf/

https://www.daikinapplied.com/o365/api/graphapi/GetDocument/Doc100/CAT_565-2_Vision_107-169_AH-Ext.pdf/


Other Items
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• Make sure to adjust your flow rate (i.e., chiller or boiler) 
based on the requirements of boilers, chillers



Other Items
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• Add descriptions:



Design Procedure
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• The usual sequence of heating system equipment is the 
boiler, expansion tank and pump 

Boiler P

Expansion
Tank

• The one location where the absolute pressure stays constant 
is at the “expansion tank”



Design Procedure
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• The usual sequence of cooling system equipment is the 
expansion tank, pump and chiller

Chiller

P

Expansion
Tank

• If the expansion tank is placed after the pump, the outlet 
pressure remains constant and the inlet pressure drops, 
which may cause cavitation 



Design Procedure
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• Point of no pressure change for the expansion chambers:
q The system connection of an expansion is known as “the point of no 

pressure change”

q The pressure will always have the same as the pressure inside the 
tank

q This is true if the tank is a plain steel or bladder/diaphragm type

q This is also true whether the system pump is on or off

q This pressure is only changed as water or air are added to or removed 
from the tank



HOW TO PREPARE SUBMITTALS
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How to Prepare Submittals
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INTRO TO VAPOR COMPRESSION 
CYCLE
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Intro to Vapor Compression Cycle
• Vapor compression cycle

38
https://www.slideshare.net/ilovemylifesomuch/simple-vapour-compression-refrigeration-system http://valveproducts.net/expansion-valve/guides-to-choose-a-expansion-valve. https://www.indiamart.com/proddetail/refrigerator-condenser-16049771448.html
https://www.webstaurantstore.com/taylor-057011-58-compressor/HP05701158.html?utm_source=Google&utm_medium=cpc&utm_campaign=GoogleShopping&gclid=EAIaIQobChMIttzNpoGl4QIVgx-tBh0KVAlFEAQYAiABEgIS4_D_BwE
https://www.123rf.com/photo_41197404_commercial-cooling-hvac-air-conditioner-condenser-evaporator-fan-ac-unit-for-building-climate-contro.html

https://www.slideshare.net/ilovemylifesomuch/simple-vapour-compression-refrigeration-system
http://valveproducts.net/expansion-valve/guides-to-choose-a-expansion-valve
https://www.indiamart.com/proddetail/refrigerator-condenser-16049771448.html
https://www.webstaurantstore.com/taylor-057011-58-compressor/HP05701158.html?utm_source=Google&utm_medium=cpc&utm_campaign=GoogleShopping&gclid=EAIaIQobChMIttzNpoGl4QIVgx-tBh0KVAlFEAQYAiABEgIS4_D_BwE
https://www.123rf.com/photo_41197404_commercial-cooling-hvac-air-conditioner-condenser-evaporator-fan-ac-unit-for-building-climate-contro.html


Intro to Vapor Compression Cycle
• Vapor compression cycle 
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http://www.nzeb.in/knowledge-centre/hvac-2/cooling-equipment/

http://www.nzeb.in/knowledge-centre/hvac-2/cooling-equipment/


Intro to Vapor Compression Cycle
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https://insulation.org/io/articles/understanding-thermal-systems-industrial-refrigeration-systems/ http://www.fujitsugeneral.com/us/residential/what-is-a-mini-split.html

https://insulation.org/io/articles/understanding-thermal-systems-industrial-refrigeration-systems/
http://www.fujitsugeneral.com/us/residential/what-is-a-mini-split.html


Into Vapor Compression Cycle
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• One type of unitary or packaged terminal unit is Packaged 
Terminal Air Conditioning (PTAC)



Intro Vapor Compression Cycle
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• Residential unitary 
systems
q Two separate systems: 

§ Furnace: Heating 
§ AC: Cooling 

q Minimum maintenance 
required to change filter

https://www.familyhandyman.com/project/diy-air-conditioner-repair/

https://www.familyhandyman.com/project/diy-air-conditioner-repair/


RECAP OF CAE 208/MMAE 320: 
PROPERTIES OF PURE SUBSTANCES
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(From Thermodynamics By Cengel)



Properties of Pure Substances
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• How many phases do exist?



Properties of Pure Substances
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• Let’s assume heating up under a constant pressure

Subcooled
Or 
Compressed
liquid

Saturated
liquid

Saturated 
liquid +
Saturated 
vapor

Saturated
vapor

Superheated



Properties of Pure Substances
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• Let’s put it in a temperature vs volume diagram



Properties of Pure Substances
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• Let’s put it in a temperature vs volume diagram



Properties of Pure Substances
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• Why do we use pressure cookers in cooking? 



Properties of Pure Substances
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• How do we define the critical point?



Properties of Pure Substances
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• We can put all these lines and form a saturation dome



Properties of Pure Substances
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• We can put all these lines and form a saturation curve



Properties of Pure Substances
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• Let’s calculate some properties for a saturated liquid and 
vapor

𝑣! ∶ Specific volume of saturated liquid

𝑣" ∶ Specific volume of saturated vapor

𝑣!" ∶ Different between 𝑣! and 𝑣" = 𝑣" − 𝑣!



Properties of Pure Substances
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• Where do find them in the Handbook?



Properties of Pure Substances
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• Where do find them in the Handbook?



Properties of Pure Substances
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• Where do find them?



Properties of Pure Substances
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• Quality (x) is the ratio of the mass of vapor to the total mass 
of the mixture:

𝑥 =
𝑚=>?@A

𝑚B@B>C

𝑚B@B>C = 𝑚CDEFDG +𝑚=?@A = 𝑚H +𝑚I

𝑥 =
𝑚I

𝑚B



Properties of Pure Substances

𝑉>=I = 𝑉H +𝑉I

𝑉>=I = 𝑚𝑣>=I

𝑚B𝑉>=I = 𝑚H𝑣H +𝑚I𝑣I



Properties of Pure Substances

𝑚B𝑣>=I = (𝑚B −𝑚H)𝑣H +𝑚I𝑣I

𝑣>=I = (1 − 𝑥)𝑣H + 𝑥𝑣I

𝑥 =
𝑣>=I − 𝑣H
𝑣HI

𝑚B𝑣>=I = (𝑚B/𝑚B −𝑚I/𝑚B)𝑣H +𝑚I/𝑚B𝑣I



Properties of Pure Substances
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𝑣>=I = (1 − 𝑥)𝑣H + 𝑥𝑣I

ℎ>=I = 1− 𝑥 ℎ + 𝑥ℎI



Properties of Pure Substances
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http://built-envi.com/courses/cae-208-thermodynamics-fall-2022/


CLASS ACTIVITY
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(From Thermodynamics By Cengel)



Class Activity
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• Question: A piston-cylinder device contains 2 ft3 of 
saturated water vapor at 50 psia pressure. Determine the 
temperature and the mass of vapor inside of the cylinder? 



Class Activity
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• Solution:



Class Activity
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• Solution:

𝑣" 𝑎𝑡 𝑝 = 50 𝑝𝑠𝑖𝑎 = 8.51
𝑓𝑡#

𝑙𝑏

𝑚 =
𝑉
𝑣"
=

2
8.51

= 0.23 𝑙𝑏𝑚



RECAP OF 208/MMAE 320: 
REFRIGERATION CYCLE
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Refrigeration Cycle
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• The first law places no restriction on the direction of a 
process but satisfying the first law does not ensure that the 
process can actually occur

• A process cannot occur unless it satisfies both the first and 
the second laws of thermodynamics 

• The second law also asserts that energy has quality as well 
as quantity 



Refrigeration Cycle
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• The most frequently used refrigeration cycle is the vapor-
compression refrigeration cycle



Refrigeration Cycle
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• The efficiency of a refrigerator is expressed in terms of the 
coefficient of performance (COP)

• The objective of a refrigerator is to remove heat (QL) from 
the refrigerated space

• Can the value of COPR be greater than unity?

𝐶𝑂𝑃! =
𝐷𝑒𝑠𝑖𝑟𝑒𝑑 𝑜𝑢𝑡𝑝𝑢𝑡
𝑅𝑒𝑞𝑢𝑖𝑟𝑒 𝑖𝑛𝑝𝑢𝑡

=
𝑄"

𝑊#$%,'#

𝐶𝑂𝑃! =
𝑄"

𝑄( − 𝑄"
=

1
𝑄(
𝑄"

− 1



Refrigeration Cycle
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• Heat Pumps: The objective of a heat pump is to supply heat 
QH into the warmer space

𝐶𝑂𝑃() =
𝐷𝑒𝑠𝑖𝑟𝑒𝑑 𝑜𝑢𝑡𝑝𝑢𝑡
𝑅𝑒𝑞𝑢𝑖𝑟𝑒 𝑖𝑛𝑝𝑢𝑡

=
𝑄(

𝑊#$%,'#

𝐶𝑂𝑃() =
𝐷𝑒𝑠𝑖𝑟𝑒𝑑 𝑜𝑢𝑡𝑝𝑢𝑡
𝑅𝑒𝑞𝑢𝑖𝑟𝑒 𝑖𝑛𝑝𝑢𝑡

=
𝑄(

𝑄( − 𝑄"

𝐶𝑂𝑃() = 𝐶𝑂𝑃! + 1


