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• Assignment 3 solution is posted (both the sample solution 
for OpenStudio and the Excel file for the load calcs)
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7

• The first midterm exam is on March 7:
q Exam starts at 8:35 (be on-time)
q Covers the materials before March 2, 2023
q Open book and open notes
q Past exams are posted 



Homework / Project / Exam
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• Project is posted 
q Follow the timeline closely (no extension will be granted) –

Next submission is by the end of next week
q Highly recommend to start working on that ASAP
q No group composition changes for Part 1 is allowed 
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https://www.priceindustries.com/content/uploads/assets/literature/catalogs/complete-sections/section%20a/section-d---grilles-and-registers.pdf

https://www.priceindustries.com/content/uploads/assets/literature/catalogs/complete-sections/section%20a/section-d---grilles-and-registers.pdf
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• Various outlet performs differently:
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DIFFUSER SELECTION GUIDELINES
(CONSIDERATION OF LOADS)
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• How much air do we need for the space? 



Diffuser Selection Guidelines
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• Find air flow requirement for the space 

q 𝑉̇: maximum volumetric flow rate (m3/s, ft3/min)
q 𝑞̇!"!: total design load (W, Btu/hr)
q 𝑞̇#$%: sensible design load (W, Btu/hr)
q ρ: air density (kg/m3, lbm/ft3) – about 1.08
q Δh: enthalpy difference between supply and return air (J/kg, 

Btu/lbm)
q Δt: Temperature difference between supply and return air (°C, °F)

• Select diffuser type, number, location

𝑉̇ =
𝑞̇!"!
𝜌∆ℎ ≅

𝑞̇#$%
𝜌∆𝑡
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• Guideline 1:

q Determine the air flow requirements (both outdoor air and the load 
required) and room size 

q Obtain reflected ceiling  

q Select the type of diffuser to be used 

q Determine room characteristic length 

q Select the recommended throw-to-length ratio

q Select the appropriate diffuser from catalog data 

q Make sure that other specifications are met (e.g., noise or total 
pressure)



Diffuser Selection Guidelines
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• Guideline 2:
q Use equalizing grids on direct diffuser connections 

q Locate balancing dampers at branch take-off 

q Keep flexible duct bends as gentle as possible 

q Flex is a great attenuator of upstream noise sources 

q Keep duct velocities as low as possible but over sizing can result 
in higher thermal loss 



Diffuser Selection Guidelines
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• Guideline 3:
q Occupants may need to hear diffusers at full load to be assured 

system is operating 

q Noisy diffusers work better at mixing air than quiet ones 

q Oversized diffusers may have excessive drop at low flows 
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• For a 20 by 12 ft room, with 9 ft ceiling, with uniform loading 
of 10 Btu/h·ft2 or 2400 Btu/h and air volumetric flow of 1 
cfm/ft2 or 240 cfm for one outlet, find the size for a 0°
deflection horizontal blade, high sidewall grille located at 
center of 12 ft end wall, 9 in. from ceiling (From ASHAE A19 
– Chapter 58). 
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• Solution:

𝐶ℎ𝑎𝑟𝑎𝑐𝑡𝑒𝑟𝑖𝑠𝑡𝑖𝑐𝑠 𝐿𝑒𝑛𝑔𝑡ℎ = 20 𝑓𝑡

20 ft

9 ft

12 ft
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• Solution:
q Cooling model (Table 6A) 
q Consider maximum condition

𝑇&'
𝐿 = 1.8 → 𝑇&' = 1.8×20 = 36 𝑓𝑡
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• Solution:
q Heating model (Table 6B) 
q Consider maximum condition

𝑇&'
𝐿 = 1.6 → 𝑇&' = 1.6×20 = 32 𝑓𝑡

Then, use the manufacture's catalog
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• Solution:
q To satisfy both models of operation, consider one or pick a 

common throw distance that resides within the overall ADPI 
range of both modes
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• Solution:
q Let’s look at some manufacture datasheets:

https://www.priceindustries.
com/content/uploads/assets
/literature/catalogs/catalog-
pages/section%20d/500_60
0_supply.pdf

https://www.priceindustries.com/content/uploads/assets/literature/catalogs/catalog-pages/section%20d/500_600_supply.pdf
https://www.priceindustries.com/content/uploads/assets/literature/catalogs/catalog-pages/section%20d/500_600_supply.pdf
https://www.priceindustries.com/content/uploads/assets/literature/catalogs/catalog-pages/section%20d/500_600_supply.pdf
https://www.priceindustries.com/content/uploads/assets/literature/catalogs/catalog-pages/section%20d/500_600_supply.pdf
https://www.priceindustries.com/content/uploads/assets/literature/catalogs/catalog-pages/section%20d/500_600_supply.pdf
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Supply and Return Face Velocity
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• Common prescribed face velocities for supplies are:
q Between 500 to 750 fpm for residential buildings
q Between 500 to 1,000 fpm for commercial buildings (e.g., 

offices) 
q Between 1000 to 1500 from for stores or the spaces with a 

high ceiling 



Supply and Return Face Velocity
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http://www.hartandcooley.com/files/assets/files/1498682161_HCB_851531_EngineeringData_13Ed_June2017_web.pdf

• Consider a low face return velocity
q At maximum value of 400-600 fpm
q At maximum value of 450 fpm with return filter
q Desirable design value of 300 fpm max for filter grilles and 

500 fpm max for nonfilter grilles
q A single point return cannot be oversized like a supply
q Consider multiple return locations where balancing is more 

critical to pull in relevant amounts from each room
q Noise is not expected from a return

http://www.hartandcooley.com/files/assets/files/1498682161_HCB_851531_EngineeringData_13Ed_June2017_web.pdf


Supply and Return Face Velocity
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http://www.hartandcooley.com/files/assets/files/1498682161_HCB_851531_EngineeringData_13Ed_June2017_web.pdf

• Consider a low face velocity:
q Place returns in stagnant air locations that need to be 

reconditioned:
q High for cooling mode (hot air rises)
q Low for heating mode (cold air falls)
q Do not place returns near a supply register’s throw range 
q Desirable to place returns at an opposite corner of the room
q Most of the room air movement is done by supplies

http://www.hartandcooley.com/files/assets/files/1498682161_HCB_851531_EngineeringData_13Ed_June2017_web.pdf
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Example (ADPI)
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• Known:
q An office area 
q Load = 1,200 Btu/hr
q Supply air and return air temperature difference = 20 F
q Airflow rate = 280 CFM
q Noise criteria ≤ 35
q Plan to install ceiling diffuser(s)
q Room size 12 ft by 10 ft
q Cooling calculations are needed only
q Select diffuser(s) such as Flush-faced perforated, dropped-

faced multi-coned, square, flush-faced plaque paneled, 
flush-faced mitered-louvered 



Example (ADPI)
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• Place the grid displacement
• Find the throw 

• We can assume 5 ft, assuming the 1 ft close to the wall is 
not in the occupied space

Return

Supply Outlet

5 ft

6 ft

5 ft

6 ft



Example (ADPI)
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• Check ADPI for the perforated and louvered ceiling 
diffuser

𝐿𝑜𝑎𝑑
𝐴𝑟𝑒𝑎

=
1,200𝐵𝑡𝑢ℎ𝑟

(12 𝑓𝑡 ×10 𝑓𝑡)
= 10

𝐵𝑡𝑢
ℎ𝑟 − 𝑓𝑡!



Example (ADPI)
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• Check ADPI for the perforated ceiling diffuser (Cooling)

q
"!"
#
= 2 (𝑀𝑎𝑥 𝑓𝑜𝑟 95%)

q
"!"
#
= 1 𝑡𝑜 2.9 (𝐺𝑟𝑒𝑎𝑡𝑒𝑟 𝑡ℎ𝑎𝑛 80%)

q
"!"
#
= 1×5𝑓𝑡 = 5𝑓𝑡

q
"!"
#
= 2×5 = 10𝑓𝑡 (𝑀𝑎𝑥 𝐴𝐷𝑃𝐼)

q
"!"
#
= 2.9×5 = 14.5𝑓𝑡



Example (ADPI)
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• Check ADPI for the perforated ceiling diffuser (Cooling)

https://www.priceindustries.com/content/uploads/assets/literature/catalogs/performance-data/section%20c/pdf-perforated-face-supply-diffuser-performance-data.pdf

https://www.priceindustries.com/content/uploads/assets/literature/catalogs/performance-data/section%20c/pdf-perforated-face-supply-diffuser-performance-data.pdf
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• Remember manufacture report isothermal numbers

Inlet Size Diffuser Type Isothermal Non-Isothermal Decision
NC 35

CFM 279
8’’ 4-Way 13 = 13×0.75 = 9.75 Good 

Option
3-Way 15 = 15×0.75 = 11.25 May work
2-Way 20 = 20×0.75 = 15.00

https://www.priceindustries.com/content/uploads/assets/literature/catalogs/performance-data/section%20c/pdf-perforated-face-supply-diffuser-performance-data.pdf

https://www.priceindustries.com/content/uploads/assets/literature/catalogs/performance-data/section%20c/pdf-perforated-face-supply-diffuser-performance-data.pdf
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• Can you find one from the datasheets for a return face 
velocity between 300 to 400 fpm?

• You can consider face blades (e.g., 35 degrees )



EXAMPLE (DIFFUSER DESIGN)
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Example (ADPI)

40

• Select round ceiling diffusers for a room with the size of 80 
ft and 78 ft and the height of 9 ft. The room has a cooling 
load of 112,000 Btu/hr and a design air supply rate of 
2,600 cfm. Locate the diffusers on the floor plan. 

78 ft

9 ft

80 ft



Example (ADPI)
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• Use ADPI to find the ideal throw to characteristic length 
ratio with the room load 

• Be mindful of the noise criterion (NC) value while selecting 
your diffuser size.
q Office: Less than 30 
q Levels above an NC of 50 are considered noisy

• Think about the air diffusion layout 
q Various ways exist
q Can use 4 to 9 round ceiling diffusers for this problem



Example (ADPI)
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• Consider one single diffuser for the entire room (e.g., 
round ceiling)

• Would this work? 

39 ft

78 ft

80 ft



Example (ADPI)
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• Looking at the diffuser table data indicates that such a 
diffuser would be large and could be noisy

• Placing 4 in a grid pattern should give better choices. 
Would this work?

78 ft

80 ft

78 ft

80 ft



Example (ADPI)
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• How about this one?
78 ft

80 ft

x 2x x

y

2y

y

𝑦 + 2𝑦 + 𝑦 = 4𝑦 = 80 → 𝑦 = 20 𝑓𝑡 𝑥 + 2𝑥 + 𝑥 = 4𝑥 = 78 → 𝑥 = 19.5 𝑓𝑡



Example (ADPI)
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𝐿 =
78
4 = 19.5 𝑓𝑡

• Characteristics length:

• Or: 

• We can assume we are focusing on the occupied zone 
and the length close to the wall is ignored. Therefore, we 
can consider 19.5

𝐿 =
80
4 = 20.0 𝑓𝑡



Example (ADPI)
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• Find the characteristic length (L)
• Find the throw (𝑋&')



Example (ADPI)
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𝑄̇ =
2600 𝑐𝑓𝑚
4 𝑑𝑖𝑓𝑓𝑢𝑠𝑒𝑟𝑠 = 650 𝑐𝑓𝑚 𝑝𝑒𝑟 𝑑𝑖𝑓𝑓𝑢𝑠𝑒𝑟

• Volume flow rate per diffuser:



Example (ADPI)
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112000 𝐵𝑡𝑢/ℎ𝑟
80𝑓𝑡 ∗ 78 𝑓𝑡 = 17.95

𝐵𝑡𝑢
ℎ𝑟. 𝑓𝑡:

• Room load:



Example (ADPI)
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• Look at the ADPI table. 
If the number for the 
ADPI is too high, in 
addition to table 6-A and 
6-B, look at this general 
table



Example (ADPI)
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• Calculate ;!"
<

: 

𝑋&'
𝐿 = 0.8

𝑋&' = 𝐿 ∗ 0.8 = 19.5 ∗ 0.8 = 15.6 𝑓𝑡



Example (ADPI)
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• Look at the manufacture datasheets (Option 1): 

• This is higher than what we needed:

https://www.priceindustries.com/content/uploads/assets/literature/catalogs/performance-data/section%20c/rpd-round-plaque-diffuser-performance-data.pdf

22×0.75 = 16.5 𝑓𝑡

https://www.priceindustries.com/content/uploads/assets/literature/catalogs/performance-data/section%20c/rpd-round-plaque-diffuser-performance-data.pdf


Example (ADPI)
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• Look at the manufacture datasheets (Option 2): 

• This is higher volume flow rate than what we needed, but 
the throw is acceptable. This is overall a better option:

https://www.priceindustries.com/content/uploads/assets/literature/catalogs/performance-data/section%20c/rpd-round-plaque-diffuser-performance-data.pdf

21×0.75 = 15.75 𝑓𝑡

https://www.priceindustries.com/content/uploads/assets/literature/catalogs/performance-data/section%20c/rpd-round-plaque-diffuser-performance-data.pdf
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Intro to Pressure Loss in Ducts and Fittings
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• There are a couple of components required for the design 
of an air distribution

Load Calc

Thermal 
Comfort

DiffusersPsychromet
rics

Terminal 
Units

Ducts Fan

Determine air 
flow rate

Deliver air to 
the space

Move air through 
the duct system

Direct air to the 
terminal units or 

diffusers

Control air speed 
and temperature



Intro to Pressure Loss in Ducts and Fittings
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𝑃=
𝛾 +

𝑉=:

2𝑔 + 𝑧= +𝐻> −𝐻< =
𝑃:
𝛾 +

𝑉::

2𝑔 + 𝑧:

Static head Lost head (L)

𝑃= +
𝜌𝑉=:

2 + 𝜌𝑧= + 𝜌𝐻> − 𝜌𝐿? = 𝑃: +
𝜌𝑉::

2 + 𝜌𝑧:

Static pressure Lost pressure



Intro to Pressure Loss in Ducts and Fittings
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𝑃= +
𝜌𝑉=:

2 = 𝑃: +
𝜌𝑉::

2 + 𝜌𝐿?

• No change in the elevation

𝑃!"!@A,= = 𝑃!"!@A,: + Δ𝑃C

• Total pressure in the duct section



Intro to Pressure Loss in Ducts and Fittings
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• We define system requirements 

q 𝐹#$ and 𝐹%&'( ∶ Sets of duct sections returns and downstream of fan

q 𝜖: Symbol that ties duct sections into system paths from exhaust/return air 
terminals to supply terminals

𝑃!"!@A = S
HIJ#$

ΔpK% + S
HIJ&'()

ΔpK%

𝑖 = 1,2, … 𝑛#$, 𝑛%&'(
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Class Activity

59

• Example: What is the pressure requirement for balancing 
airflow in this configuration?



Class Activity
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• Solution: The following equations must be satisfied to 
attain pressure balancing for design airflow

𝑃!"!@A = Δ𝑝= + Δ𝑝O + Δ𝑝P + Δ𝑝Q + Δ𝑝R + Δ𝑝&

𝑃!"!@A = Δ𝑝= + Δ𝑝O + Δ𝑝P + Δ𝑝Q + Δ𝑝R + Δ𝑝S

𝑃!"!@A = Δ𝑝= + Δ𝑝O + Δ𝑝P + Δ𝑝Q + Δ𝑝T

𝑃!"!@A = Δ𝑝: + Δ𝑝P + Δ𝑝Q + Δ𝑝R + Δ𝑝&

𝑃!"!@A = Δ𝑝: + Δ𝑝P + Δ𝑝Q + Δ𝑝R + Δ𝑝S

𝑃!"!@A = Δ𝑝: + Δ𝑝P + Δ𝑝Q + Δ𝑝T



TOTAL FAN PRESSURE

61



Total Fan Pressure
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Total Fan Pressure
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• The airflow system principals are:
q The measure of the amount of energy required to move air from one 

location to another is the change (decrease) in the total pressure 
within the system

q The total pressure (𝑃!"!&') at any location within a system is a 
measure of the total mechanical energy at that location. It is the sum 
of the static pressure and the velocity pressure

q In any duct system, the total pressure always decreases in the 
direction of airflow

q In any system having two or more branches, the losses in total 
pressure between the fan and the end of each branch are the same

q Static pressure and velocity pressure are mutually convertible and 
can either increase or decrease in the direction of flow



PRESSURE LOSSES IN DUCTS AND 
FITTINGS
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Pressure Losses in Ducts and Fittings

65

• Consider loss coefficient (K) for fittings as:

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

𝐿𝑜𝑠𝑠 𝑜𝑓 𝑠𝑒𝑐𝑡𝑖𝑜𝑛 = 𝐾
𝑉(

2𝑔

𝐻)* = 𝐾 + 𝑓
𝐿
𝐷

𝑉+

2𝑔



Pressure Losses in Ducts and Fittings
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Pressure Losses in Ducts and Fittings
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Pressure Losses in Ducts and Fittings
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• Based on:
q Standard air 

q Round galvanized sheet metal with 4 ft joints 
q Absolute roughness of 0.0003 ft

• No correction for:
q Medium roughness 

q Temperature range 40 ºF to 100 ºF

q Elevations to 1,500 ft

q Duct pressure range -20 to 20 in w.c

• Variation of +/- 5%



Pressure Losses in Ducts and Fittings
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• Where:
q 𝐷$: Circular equivalent of a rectangular duct (in)

q 𝑎: Height of duct (in)

q 𝑏: Width of duct (in)

𝐷$ = 1.30
𝑎𝑏 '.S:&

𝑎 + 𝑏 '.:&

• We define circular equivalent of rectangular ducts as:



Pressure Losses in Ducts and Fittings
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Pressure Losses in Ducts and Fittings
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• Ductulator options exist 
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• Example: For a duct of 12 in by 12 in delivers 1,000 cfm. 
Find equivalent duct size and the friction loss per 100 ft of 
duct length
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• Solution:
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𝐷$ = 1.30
𝑎𝑏 '.S:&

𝑎 + 𝑏 '.:&

𝐷$ = 1.30
12×12 '.S:&

12 + 12 '.:&

𝐷$ = 13.1 𝑖𝑛
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