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• How many of you are attending the career fair today?
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• Next class we have the first midterm exam:
q Exam starts at 8:35 am (be on-time)
q Covers the materials before March 2, 2023 (last class)
q Open book (Fundamentals) and open notes
q Past exams are posted 
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• Project is posted 
q Follow the timeline closely:
q No extension will be granted
q Next submission is by the end of next week before the spring 

break
q Highly recommend to start working on that ASAP
q No group composition changes for Part 1 is allowed 
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• Design of supply diffuser layout

78 ft

9 ft

80 ft
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• Most of the materials are from our Fundamentals Chapter 
21
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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
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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
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𝑃! +
𝜌𝑉!"

2 = 𝑃" +
𝜌𝑉""

2 + 𝜌𝐿%

• No change in the elevation

𝑃&'&(),! = 𝑃&'&()," + Δ𝑃+

• Total pressure in the duct section
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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&'&() = .
012!"

Δp3# + .
012$%&'

Δp3#

𝑖 = 1,2, … 𝑛!", 𝑛#$%&
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• 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&'&() = Δ𝑝! + Δ𝑝: + Δ𝑝; + Δ𝑝< + Δ𝑝= + Δ𝑝>

𝑃&'&() = Δ𝑝! + Δ𝑝: + Δ𝑝; + Δ𝑝< + Δ𝑝= + Δ𝑝?

𝑃&'&() = Δ𝑝! + Δ𝑝: + Δ𝑝; + Δ𝑝< + Δ𝑝@

𝑃&'&() = Δ𝑝" + Δ𝑝; + Δ𝑝< + Δ𝑝= + Δ𝑝>

𝑃&'&() = Δ𝑝" + Δ𝑝; + Δ𝑝< + Δ𝑝= + Δ𝑝?

𝑃&'&() = Δ𝑝" + Δ𝑝; + Δ𝑝< + Δ𝑝@
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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
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• How do we calculate the pressure loss here:



Pressure Losses in Ducts and Fittings
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• 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
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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%
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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)

𝐷I = 1.30
𝑎𝑏 J.?">

𝑎 + 𝑏 J.">

• We define circular equivalent of rectangular ducts as:
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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:



Class Activity

36

𝐷I = 1.30
𝑎𝑏 J.?">

𝑎 + 𝑏 J.">

𝐷I = 1.30
12×12 J.?">

12 + 12 J.">

𝐷I = 13.1 𝑖𝑛
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Pressure Loss in Fittings
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• For all fittings except junctions, the pressure loss in a fitting 
can be written as

q 𝐶": Local loss coefficient of fitting (dimensionless)

q Δ𝑝!"!#$: Fitting total pressure loss (in w.c.)

q 𝑝',": Velocity pressure at section “o" of fitting (in w.c.)

q 𝑝'," =
)!

*,++,

%

q 𝑉": Velocity in section of fitting

Δ𝑝&'&() = 𝐶' 𝑝L,J
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• Pressure drop calculations (elbows and transitions)

Δ𝑝*

Δ𝑝*

Δ𝑝+ = 𝐶,𝑝-
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𝑝L,' =
𝑉'

4,005

"

Duct velocity 𝑉" (fpm) Duct pressure 𝒑𝒗 (in w.c.)
4,000 1.00
3,000 0.56
2,000 0.25
1,000 0.06
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• Pressure drop calculations for converging and diverging 
fittings are documents in the Handbook:
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• Local loss coefficient in elbow is a function of:

q Turning angle of elbow

q Relative radius of curvature of throat radius to width of duct 

q Installation of vanes 

q Shape of the cross section of the duct
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• ASHRAE or SMACNA have different apps and documents 
for providing these losses

https://www.ashrae.org/technical-resources/bookstore/duct-fitting-database

https://www.ashrae.org/technical-resources/bookstore/duct-fitting-database


Pressure Loss in Fittings
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• You can use other resources (e.g., Chapter 8 of the Price 
Industries Handbook) 

• Older version of ASHRAE Handbook

http://ftp.demec.ufpr.br/disciplinas/TM184/VENTILACAO_LOCAL_EXAUSTORA/DUCT_DESIGN.pdf
https://utahashrae.org/images/meeting/011119/Slides/smacna_duct_design_fundamentals.pdf

http://ftp.demec.ufpr.br/disciplinas/TM184/VENTILACAO_LOCAL_EXAUSTORA/DUCT_DESIGN.pdf
https://utahashrae.org/images/meeting/011119/Slides/smacna_duct_design_fundamentals.pdf
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• Dampers (e.g., parallel blade):

𝐶J =
Δ𝑝J
𝑝L

Price Industries Engineering Handbook
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• Dampers (e.g., opposed blade):

𝐶J =
Δ𝑝J
𝑝L

Price Industries Engineering Handbook
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• Supply outlets (from the same performance data tables):

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

Can you calculate the static and dynamic pressure drops?

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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• Any other components in the duct system to consider?
q Heating coil

q Cooling coil

q Outdoor air louvers
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• Although they often account for a major portion of the total 
pressure loss, the additional losses due to entries and exits, 
fittings and dampers are traditionally referred to as minor 
losses

• These losses represent additional energy dissipation in the 
flow, usually caused by secondary flows induced by 
curvature or recirculation

• The minor losses are any total pressure loss present in 
addition to the total pressure loss for the same length of 
straight pipe
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• Problem:
q Compute the lost pressure in a 6 in, 90-degree plated elbow that 

has 150 cfm of airflow through it

q The ratio of turning radius to diameter is 1.5
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• Solution (IP Unit):

𝑉 =
𝑄
𝐴
=

𝑄
𝜋
4 𝐷%

=
150×4×144

𝜋×36
= 764 𝑓𝑝𝑚

• Calculate velocity
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• Calculate fitting total pressure loss:

Δ𝑝P = 𝐶J𝑝L = 0.43×0.036 = 0.016 𝑖𝑛 𝑤. 𝑐.

𝑝' =
𝑉

4,005

%

=
746
4,005

%

= 0.036 𝑖𝑛 𝑤. 𝑐.

• Calculate pressure (IP Unit):
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• Solution (SI Unit):

𝑉 =
𝑄
𝐴
=

𝑄
𝜋
4 𝐷%

=
(4.25 𝑚

.

𝑚𝑖𝑛)×4

𝜋× 0.1524 %(60 𝑠
𝑚𝑖𝑛)

= 3.88
𝑚
𝑠

𝑝' =
𝑉
1.29

%

=
3.88
1.29

%

= 3.89 𝑃𝑎

• Calculate velocity

• Calculate pressure

𝑝P = 𝐶J𝑝L = 0.43×3.89 = 1.627 𝑃𝑎
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• The most important is that the duct fitting loss is a function 
of the velocity pressure in the duct, and that duct velocity 
pressure is a function of the square of the flow rate:

q In practical terms, it means that the pressure losses 
associated with a poor fitting in a low velocity duct system 
will be much less than the losses associated with the same 
fitting in a higher velocity duct system
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• A second important rule is that the ratio of perimeter to 
cross sectional area for a large duct is generally much 
smaller than it is for a small duct:

q In practical terms, the velocities in a large duct will be much 
higher than they are in a smaller duct when designed at equal 
friction rates

q As a result, the potential for a poor fitting to cause a static 
pressure problem is much higher in the larger ducts 
associated with an air handling system



Design Rules
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Fitting Function Geometry Category Sequential 
Number

S: Supply D: Round (Diameter) 1. Entries 1, 2, 3, … 

2. Exits 

E: Exhaust / Return R: Rectangular 3. Elbows

4. Transitions

C: Common (supply/ return) F: Flat oval 5. Junctions

6. Obstructions

7. Fan and system 
interactions
8. Duct-mounted 
equipment
9. Dampers

10. Hoods

• Some common fitting terminology are:
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• A few items to consider are:
q Space pressure relationships 

q Fire and smoke control

q Duct insulation

q Duct system leakage 

q System and duct noise

q Testing and balancing 
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• See Table 12 for the recommended maximum airflow 
velocities:



Design Rules

63

• Look at Table 9 for different design criterion for 
recommended duct velocity and diameter:
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• Example: Compute the loss in total pressure for a round 90-dgree 
branch and straight-through section, a tee. The common section is 12 in. 
in diameter, and the straight-through section has a 10 in. diameter with a 
flow rate of 1,100 cfm. The branch flow rate is 250 cfm through a 6 in. 
duct.
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• Solution:

𝑉/ =
𝑄/
𝐴/

=
𝑄/
𝜋
4 𝐷/%

=
1,100

𝜋
4 ×

12
12

% = 1,400 𝑓𝑝𝑚

• Calculate velocity in each section:

𝑉0 =
𝑄0
𝐴0

=
𝑄0
𝜋
4 𝐷0%

=
250

𝜋
4 ×

6
12

% = 1,273 𝑓𝑝𝑚

𝑉1 =
𝑄1
𝐴1

=
𝑄1
𝜋
4 𝐷1%

=
850

𝜋
4 ×

10
12

% = 1,558 𝑓𝑝𝑚
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• Solution:

𝑄0
𝑄/

=
250
1,100

= 0.23

• The ratio of the branch to the common flow rate is:

• The ratio of the main to the common flow rate is:

𝑄1
𝑄/

=
850
1,100

= 0.77



Example

68

• Solution:

• The ratio of the branch to the common are is:

• The ratio of the main to the common are is:

𝐴0
𝐴/

=
6
12

%

= 0.25

𝐴1
𝐴/

=
10
12

%

= 0.69



Example

69

• Solution:

• Using the loss coefficient for the branch, we have

Δ𝑝+0 = 𝐶0
𝑉0

4,005

%

= 1.55
1,273
4,005

%

= 0.16 𝑖𝑛 𝑤. 𝑐.

𝐴0
𝐴/

= 0.25

𝑄0
𝑄/

= 0.23
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• Solution:

• Using the loss coefficient for the branch, we have

Δ𝑝+1 = 𝐶1
𝑉1

4,005

%

= 0.14
1,558
4,005

%

= 0.021 𝑖𝑛 𝑤. 𝑐.

𝐴*
𝐴.

= 0.69

𝑄1
𝑄/

= 0.77
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• Example: Converging Tee 90° Round Main and Branch. 
Main is 10”, Branch is 7”. Air flow Main is 1000 cfm. Air 
flow Branch is 500 cfm. 

SMACNA Duct Design Fundamentals
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• Solution

SMACNA Duct Design Fundamentals

𝐴/ =

𝜋×10%
4
144

= 0.55 𝑓𝑡%

𝐴0 =

𝜋×7%
4
144

= 0.24 𝑓𝑡%

𝑉/ =
1,000
0.55

= 1818 𝑓𝑝𝑚

𝑉0 =
2,083
0.24

= 2083 𝑓𝑝𝑚
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• Solution

SMACNA Duct Design Fundamentals

𝑝',/ =
1818
4005

%

= 0.21 𝑖𝑛 𝑤. 𝑐.

𝑝',0 =
2083
4005

%

= 0.27 𝑖𝑛 𝑤. 𝑐.

𝑄0
𝑄/

=
500
1000

= 0.50

𝐴0
𝐴/

=
0.24
0.5

= 0.44
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• Solution

SMACNA Duct Design Fundamentals

𝛥𝑝!,02/ = 1×0.21 = 0.21 𝑖𝑛 𝑤. 𝑐.

𝛥𝑝!,02/ = 053×0.27 = 0.14 𝑖𝑛 𝑤. 𝑐.

𝐶/ = 1.0


