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• The midterm exam 1 is graded 

• Solutions are posted on Blackboard



Announcements

4

• Let’s look at this exam’s problem:
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• Let’s look at this exam’s problem:
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• Let’s look at this exam’s problem:
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• Final project presentation:
q May 4, 8 am to 10 am
q Location: Hermann Hall
q All students are are required to present
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• Do not forget to review the Q&A file:

https://docs.google.com/document/d/1m6ezSI6Bi9wGQcjnaYj_i
AXY2kzRlCPYWkKfayNp5WE/edit#heading=h.7xv0zdhfny5a

https://docs.google.com/document/d/1m6ezSI6Bi9wGQcjnaYj_iAXY2kzRlCPYWkKfayNp5WE/edit
https://docs.google.com/document/d/1m6ezSI6Bi9wGQcjnaYj_iAXY2kzRlCPYWkKfayNp5WE/edit
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• Great opportunity 
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• Pressure drop calculations (elbows and transitions)

Δ𝑝!

Δ𝑝!

Δ𝑝" = 𝐶#𝑝$
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𝑝%,' =
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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• 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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• The most important is that the duct fitting loss is a function 
of the velocity pressure in the duct (Δ𝑝 ~ V() 

q 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
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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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• Let’s look at a few examples

30 Converging Wye (ED5-1)
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• Let’s look at a few examples

Unequal fitting (SR3-1 and ER 3-1)



Design Rules

21

• 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:
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• 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:

𝑉% =
𝑄%
𝐴%

=
𝑄%
𝜋
4 𝐷%$

=
250

𝜋
4 ×

6
12

$ = 1,273 𝑓𝑝𝑚

𝑉& =
𝑄&
𝐴&

=
𝑄&
𝜋
4 𝐷&$

=
850

𝜋
4 ×

10
12

$ = 1,558 𝑓𝑝𝑚
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• Solution:

𝑄%
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:

𝑄&
𝑄#

=
850
1,100

= 0.77
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• Solution:

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

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

𝐴%
𝐴#

=
6
12

$

= 0.25

𝐴&
𝐴#

=
10
12

$

= 0.69
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• Solution:

• Using the loss coefficient for the branch, we have

Δ𝑝'% = 𝐶%
𝑉%

4,005

$

= 1.55
1,273
4,005

$

= 0.16 𝑖𝑛 𝑤. 𝑐.

𝐴%
𝐴#

= 0.25

𝑄%
𝑄#

= 0.23
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• Solution:

• Using the loss coefficient for the branch, we have

Δ𝑝'& = 𝐶&
𝑉&

4,005

$

= 0.14
1,558
4,005

$

= 0.021 𝑖𝑛 𝑤. 𝑐.

𝐴!
𝐴%

= 0.69

𝑄&
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$

𝐴% =

𝜋×7$
4
144

= 0.24 𝑓𝑡$

𝑉# =
1,000
0.55

= 1818 𝑓𝑝𝑚

𝑉% =
2,083
0.24

= 2083 𝑓𝑝𝑚
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• Solution

SMACNA Duct Design Fundamentals

𝑝(,# =
1818
4005

$

= 0.21 𝑖𝑛 𝑤. 𝑐.

𝑝(,% =
2083
4005

$

= 0.27 𝑖𝑛 𝑤. 𝑐.

𝑄%
𝑄#

=
500
1000

= 0.50

𝐴%
𝐴#

=
0.24
0.5

= 0.44
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• Solution

SMACNA Duct Design Fundamentals

𝛥𝑝*,%+# = 1×0.21 = 0.21 𝑖𝑛 𝑤. 𝑐.

𝛥𝑝*,%+# = 053×0.27 = 0.14 𝑖𝑛 𝑤. 𝑐.

𝐶& = 1.0
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• The ratio of the rectangular ductwork is very important 
since the average velocity is different:

q If space permitted, an aspect ratio of 4:1 or less are best 
q The ratio greater than 8:1 should be avoided 



Ductwork in Practice

40

• The air distribution includes various components:

https://www.nrel.gov/docs/fy03osti/29166.pdf

https://www.nrel.gov/docs/fy03osti/29166.pdf
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• Use separate design for return and supply
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• Change of diameter
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• Outdoor air intake
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• Installation of supply and return outlets
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https://docs.google.com/presentation/d/15bvvZ0VVm9Sgo
nCzZ5N07MBvl0YdVRYaph6Z3evveJA/edit#slide=id.g1f2
938fcdac_0_0

• Adding interesting and daily application of HVAC systems:

https://docs.google.com/presentation/d/15bvvZ0VVm9SgonCzZ5N07MBvl0YdVRYaph6Z3evveJA/edit
https://docs.google.com/presentation/d/15bvvZ0VVm9SgonCzZ5N07MBvl0YdVRYaph6Z3evveJA/edit
https://docs.google.com/presentation/d/15bvvZ0VVm9SgonCzZ5N07MBvl0YdVRYaph6Z3evveJA/edit
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• Let’s first look at ASHRAE 170
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• Let’s first look at ASHRAE 170
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• Let’s first look at ASHRAE 170


