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ANNOUNCEMENTS
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Announcements
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• Assignment 3 Parts (a) and (b) – Common Mistakes
q Make sure to use the write template! 



Announcements
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• Assignment 3 Parts (a) and (b) – Common Mistakes
q Make sure to include the folder 



Announcements
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• Assignment 3 Parts (a) and (b) – Common Mistakes 
q Pay attention to the units



Announcements
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• Do not forget about the Q&A file:

https://docs.google.com/document/d/1m6ezSI6Bi9wGQcjnaYj_
iAXY2kzRlCPYWkKfayNp5WE

https://docs.google.com/document/d/1m6ezSI6Bi9wGQcjnaYj_iAXY2kzRlCPYWkKfayNp5WE
https://docs.google.com/document/d/1m6ezSI6Bi9wGQcjnaYj_iAXY2kzRlCPYWkKfayNp5WE


Announcements
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• Any questions for Assignment 3 Parts (c) to (e)?



Announcements
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• Group project: Add your name to the list

https://docs.google.com/spreadsheets/d/1WwM6L1i8SmpTWU
3xYQeNypfnqbloQRglBgCt5E7Kb2s/

https://docs.google.com/spreadsheets/d/1WwM6L1i8SmpTWU3xYQeNypfnqbloQRglBgCt5E7Kb2s/
https://docs.google.com/spreadsheets/d/1WwM6L1i8SmpTWU3xYQeNypfnqbloQRglBgCt5E7Kb2s/


REVIEW OF FLUID FLOW
(CAE 209 OR MMAE 313) 
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(Please, see Chapter 3 of the handbook)



Fluid Properties
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• For fluid properties, in the design, we mostly consider the 
following assumptions:

q Fluids are incompressible

q Gases may be compressible or incompressible 

q Newtonian vs non-Newtonian



Fluid Properties
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• Viscosity is the resistance of adjacent fluid layers to shear

https://www.cradle-cfd.com/tec/column05/009.html and https://www.flowmeters.co.uk/high-viscosity-fluid-flow-meters/

Which one has the high viscosity?

What would an example of each? 

https://www.cradle-cfd.com/tec/column05/009.html
https://www.flowmeters.co.uk/high-viscosity-fluid-flow-meters/


Fluid Properties
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𝜏 = 𝜇
𝑑𝑢
𝑑𝑦

• Viscosity is defined as:



Continuity Equation
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�̇� = 𝜌𝐴𝑉

• Conservation of mass:

q Mass flow rate:

q Volume flow rate:

𝑄 =
�̇�
𝜌 = 𝐴𝑉



Entrance and Fully Developed Regions
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• Consider a pipe flow:

http://www-mdp.eng.cam.ac.uk/web/library/enginfo/aerothermal_dvd_only/aero/fprops/pipeflow/node9.html

http://www-mdp.eng.cam.ac.uk/web/library/enginfo/aerothermal_dvd_only/aero/fprops/pipeflow/node9.html


Laminar Flow
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• Laminar flow is defined as:

• For parabolic flow:

𝜏 = 𝜇
𝑑𝑢
𝑑𝑦

𝑢 =
1
4𝜇

−
𝑑
𝑑𝑥

𝑃 + 𝜌𝑔𝑧 𝑅! − 𝑟!

𝜏 =
1
2
𝑟Δ𝑃 = 𝐶𝑜𝑛𝑠𝑡 ×𝑟



Turbulent Flow

16

• Turbulent flow is a function of fluctuations



Turbulent Flow
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• Reynolds experiment:

http://www-mdp.eng.cam.ac.uk/web/library/enginfo/aerothermal_dvd_only/aero/fprops/pipeflow/node8.html

http://www-mdp.eng.cam.ac.uk/web/library/enginfo/aerothermal_dvd_only/aero/fprops/pipeflow/node8.html


Turbulent Flow
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• Reynolds experiment:

http://www-mdp.eng.cam.ac.uk/web/library/enginfo/aerothermal_dvd_only/aero/fprops/pipeflow/node8.html

http://www-mdp.eng.cam.ac.uk/web/library/enginfo/aerothermal_dvd_only/aero/fprops/pipeflow/node8.html


Turbulent Flow
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• The measure of turbulent vs laminar is

• What will happen for rectangular cross section?

𝑅𝑒 =
𝑉𝐷
𝜈

Hydraulic diameter = 𝐷" =
4(𝐶𝑟𝑜𝑠𝑠 𝑠𝑒𝑐𝑡𝑖𝑜𝑛𝑎𝑙 𝑎𝑟𝑒𝑎)
𝑊𝑒𝑡𝑡𝑒𝑑 𝑝𝑒𝑟𝑖𝑚𝑒𝑡𝑒𝑟



Entrance Region
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• Boundary layer effect determines the flow pattern in pipe or 
conduits



Flow Separation
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• There is basically adverse pressure gradient

• Flow cannot follow the surface anymore



Flow Separation
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• Flow separation is one of the sources to losses of flow field



Flow Separation
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• Flow separation in 
q Vena contraction 
q Sudden expansion
q Dampers



Flow Separation
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• Flow separation in diffusers



Flow Separation
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http://web.mit.edu/hml/ncfmf.html

http://web.mit.edu/hml/ncfmf.html


Conduit Friction
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• Account for friction caused by conduit-wall shearing 
stresses and losses from conduit section change using 𝐻!
or 𝐸! in the energy equation

• 𝐻! is the loss of energy per unit mass of flowing fluid

• Darcy-Weisbach equation:

𝐻!" = 𝑓
𝐿
𝐷

𝑉#

2𝑔



Conduit Friction
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• For laminar flow the equation is modified as:

• Darcy friction factor is:

𝐻#$ =
𝐿
𝜌𝑔

8𝜇𝑉
𝑅!

𝐻#$ =
32𝐿𝜈𝑉
𝐷!𝑔

𝐻#$ =
64
𝐷𝑉
𝜈

𝐿
𝐷

𝑉!

2𝑔

𝑓 =
64
𝑅𝑒



Conduit Friction
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• For turbulent flow equation requires consideration of the 
roughness (𝜖)

Material 𝜖 (𝝁𝒎) 𝜖 (𝝁𝒊𝒏)

Commercially smooth brass, lead, copper, or plastic pipe 1.52 60

Steel and wrought iron 46 1,800

Galvanized iron or steel 152 6,000

Cast iron 259 10,200



Conduit Friction
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• Entrance length:

𝐿%
𝐷
= 0.06×𝑅𝑒



Conduit Friction
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• For turbulent flow, friction factor is:

1
𝑓
= 1.14 + 2log(

𝐷
𝑒)

𝑓 =
1.325

ln[ 𝜖
3.7𝐷"

+ 5.74
𝑅𝑒&.(

!



Friction Factor 
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Friction Factor 
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• We use modified Moody Chart for our air and water 
calculations



Friction Factor
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• We use modified Moody Chart for our air and water 
calculations



Loss Coefficients
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• Besides the conduit friction, there are major losses due to:
q Pipe entrance and exit

q Sudden expansion or contraction

q Bends, elbows, tees, and other fittings

q Valves, open or partially closed

q Gradual expansions or contractions



Loss Coefficient
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• Consider loss coefficient (K) for fittings as:

𝐿𝑜𝑠𝑠 𝑜𝑓 𝑠𝑒𝑐𝑡𝑖𝑜𝑛 = 𝐾
𝑉!

2𝑔



Loss Coefficient
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• Adding them together, the total losses in the pipe is:

𝐻#$ = 𝐾 + 𝑓
𝐿
𝐷

𝑉!

2𝑔



Loss Coefficient
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• Which fitting do you think will have the highest loss 
coefficient?



Summary
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• For an air duct system, how do we estimate the air flow 
rate? 



ASHRAE 62.1
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ASHRAE 62.1
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ASHRAE 62.1
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• Let’s look at a common ventilation system and identify 
major air flows



ASHRAE 62.1
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�̇�+, = 𝑅-×𝑃, +𝑅.×𝐴,

• How to calculate the outdoor air requirement:
1. First calculate the breathing zone outdoor air flow rate:



ASHRAE 62.1
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• How to calculate the outdoor air requirement:
2. Then calculate the outdoor air flow rates:

�̇�/, =
𝑅-×𝑃, +𝑅.×𝐴,

E0



ASHRAE 62.1
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• How to calculate the outdoor air requirement:
3. Design for the worst ventilation if you do not know and round 
up the numbers to identify the “Design Ventilation”



ASHRAE 62.1
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• Let’s look at the Standard:



ASHRAE 62.1
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• Common ventilation effectiveness are calculated as:



ASHRAE 62.1

47

• Do you see any information about the healthcare outdoor 
air requirements in ASHRAE 62.1?



ASHRAE 62.1
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https://ashrae.iwrapper.com/ViewOnline/Standard_170-2017_(86529)

https://ashrae.iwrapper.com/ViewOnline/Standard_170-2017_(86529)


CLASS ACTIVITY
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Class Activity
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• Find the required outdoor air flow rate and for a university 
lecture hall (fixed seat) that has a maximum occupancy of 
180 people, and the floor has an area of 1,500 ft2. Assume 
the supply and returns are in the ceiling.



Class Activity
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• Solution (see Table 6-1):



Class Activity
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• Solution:
q In this configuration the ventilation effectiveness depends on the 

cooling or heating mode
q We usually consider the worst condition (e.g., 0.7 and 0.8)



Class Activity
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• Solution:

�̇�)* = 𝑅+×𝑃* + 𝑅,×𝐴*

�̇�)* = 7.5 180 + 0.06 1,500 = 1,440 𝑐𝑓𝑚

�̇�-* =
�̇�)*
𝐸*

=
1,440 𝑐𝑓𝑚

0.8
= 1,800 𝑐𝑓𝑚



Class Activity
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• What do we do if occupancy is not given?



Class Activity
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• Solution:



Class Activity
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• Solution:
q 8 cfm/person based on an occupancy of 150 person per 1,000 ft2

q The outdoor air delivery is:

�̇�+, = 𝑅1𝑃1

�̇�)* = 7.5
150×1,500
1,000

= 1,687.5 𝑐𝑓𝑚

�̇�-* =
�̇�)*
𝐸*

=
1,6875.5
0.8

= 2,109.375 𝑐𝑓𝑚



Air Requirement

57

• How much is the total airflow requirements? Can we use 
ASHRAE 62.1 to calculate the entire airflow requirement for 
a building and design the AHUs?

57



Air Requirement
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• Let’s look at Assignment 1:

58



RELEVANT TOOLS
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Relevant Tools
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• There are relevant tools:

60https://www.usgbc.org/resources/minimum-indoor-air-quality-performance-calculator

https://www.usgbc.org/resources/minimum-indoor-air-quality-performance-calculator


Relevant Tools
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• There are relevant tools:

61https://pages.nist.gov/CONTAM-apps/webapps/CO2Tool/#/

https://pages.nist.gov/CONTAM-apps/webapps/CO2Tool/


Relevant Tools
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• There are relevant tools:

62https://www.ashrae.org/File%20Library/Technical%20Resources/Standards%20and%20Guidelines/St
andards%20Intepretations/VRP-Excel-Spreadsheet.xls

https://www.ashrae.org/File%20Library/Technical%20Resources/Standards%20and%20Guidelines/Standards%20Intepretations/VRP-Excel-Spreadsheet.xls
https://www.ashrae.org/File%20Library/Technical%20Resources/Standards%20and%20Guidelines/Standards%20Intepretations/VRP-Excel-Spreadsheet.xls

