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Duct Design Fundamentals
Learning Objectives
• Basic Air Flow 
• Pressure 
• Pressure Losses - Friction 
• Pressure Losses – Dynamic

• Fitting Efficiencies
• Duct Design Overview 
• Duct Design – Equal Friction  
• Duct Design – Static Regain
• Acoustics
• Commissioning



Duct Design Fundamentals

Basics of AirFlow



Mass Flow and Continuity 
Equations

Mass flow into a section = mass flow out of a section

ṁ = ρAdV = constant
If air density is constant, we get the Continuity Equation

ṁ = Q = AdV = constant
ρ



Duct Areas

Round: Ad =  2

4

Rectangular : Ad = WH

Flat Oval:  Ad = ( a2 )+ a (A-a)
4



Velocity
V = 

Ad

If  Q  and A are known,  the duct velocity, V can be calculated.

Example 1: If the volume flow rate in a 22 in. duct is, Q = 5000 cfm, what is the average 
velocity of air in the duct.

D = 22 inch (1.83 ft)

Ad =  𝜋 1.83 2 =  2.64 ft2
4

V =  5000 / 2.64 = 1894 fpm



Calculate Duct Size for a 
Given Velocity

V =   Ad = 
Ad

Example 2: If the design volume flow rate and velocity is 13,000 cfm and 4000 fpm 
respectively, what is the H dimension in a rectangular duct if the W dimension is 14 inches

Ad = Q / V = 13,000 / 4000 = 3.25 ft2 (Multiply   by 144 to get in2)
= 468 in2

Ad = WH  ->  H  =  Ad /  W

H  =  468 / 14 =  33.4 inches



Diverging Flow
According to the law of conservation of mass, the volume 
flow rate before flow divergence  is equal to the sum of the 
flows after divergence.

Qc = Qb + Qs
Where:

Qc = common (upstream) volume flow rate, cfm 
Qb = branch volume flow rate, cfm 
Qs = straight-through volume flow rate, cfm



Converging  Flow

According to the law of conservation of mass, the 
volume flow rate after flow convergence is equal to the 
sum of the flows before convergence

Qc = Qb + Qs
Where:

Qc = common (downstream) volume flow rate, cfm 
Qb = branch volume flow rate, cfm 
Qs = straight-through volume flow rate, cfm



Duct Design Fundamentals

Pressure



CONSERVATION OF ENERGY

pt = ps + pv
Where:

pt = total pressure, in. of water 
ps = static pressure, in. of water 
pv = velocity pressure, in. of water



Duct Design Fundamentals
Pressure

The inch of water is defined as the pressure exerted at 
the base of a column of fluid exactly 1 inch (in) high

27.7 inch of water per 1 psi (lbf /in2 )

1 inch of water is 5.2 psf ( lbf /ft2 )

1 inch of water is 0.036 psi



Duct Design Fundamentals
Static Pressure (ps)

• Measure of the static energy of air flowing
• Air which fills a balloon is a good example of static pressure
• Equally exerted in all directions
• The atmospheric pressure of air is a static pressure = 14.696 psi at sea  level.  One psi ~ 
27.7 in. of water,   so 1 atm ~ 407 in. of water.

• Air always flows from an area of higher pressure to an area of lower pressure.
• Because the static pressure is above atmospheric pressure at a fan outlet, air will flow 
from the fan through any connecting ductwork until it reaches atmospheric pressure at the 
discharge

• Because the static pressure is below atmospheric at a fan inlet, air will flow from the 
higher atmospheric pressure through an intake and any connecting ductwork until it 
reaches the area of lowest static pressure at the fan inlet.



Duct Design Fundamentals
Velocity  Pressure (pv)

• Measure of the kinetic energy of the air flowing in a duct system
• Proportional to the square of the velocity

p𝑣
Where:

pv = velocity pressure, in. of water
V = velocity, ft/min
ρ   = density, lbm/ft3

p𝑣



Duct Design Fundamentals
Velocity  Pressure (pv)

• Velocity pressure (pv) is always a positive number in the 
direction of flow.

• Will increase if duct cross‐section area decreases.
• Will decrease if duct cross‐sectional area increases.
• When velocity pressure increases,  static pressure must 
decrease.

• When velocity pressure decreases,  there can be a gain in 
static pressure, commonly called STATIC REGAIN.



CONSERVATION OF ENERGY

Δpt = Δps + Δpv
Derived from the Bernoulli Equation:

  𝑝  
𝜌 𝑉
2𝑔  

𝑔
𝑔 𝜌 𝑧  𝑝  

𝜌 𝑉
2𝑔  

𝑔
𝑔 𝜌 𝑧  ∆𝑝 ,

Change in total pressure between any two points of a
system is equal to the sum of the change in static pressure
and the change in velocity pressure



Duct Design Fundamentals
Pressure Changes During Flow 

in Ducts
• Total pressure (pt) represents the energy of the air flowing in a duct 
system.

• Energy cannot be created or increased except by adding work or heat
• Energy and thus total pressure must always decrease in the direction 
of flow once the fan is turned on except at the fan .

• Total pressure losses represent the irreversible conversion of static 
and kinetic energy to internal energy in the form of heat.

• These losses are classified as either friction losses or dynamic losses. 



Duct Design Fundamentals
Pressure Changes During Flow in 

Ducts – Graphically



Duct Design Fundamentals
Pressure Losses in Duct Systems
Two Types of Losses



Duct Design Fundamentals

Pressure Losses 
Darcy-Weisbach Equation

Darcy-Weisbach Equation

 



Duct Design Fundamentals
Darcy-Weisbach Equation

Dh
 

which is known as Hydraulic Diameter.

Ad , P Round

Ad , P = 2 (W + H) Rectangular

Ad , P a+2(A‐a) Flat Oval



Duct Design Fundamentals
Pressure Losses – Friction

The left‐hand side of the Darcy‐Weisbach Equation,  
which is the Darcy Equation, calculates the friction loss.

 



Duct Design Fundamentals
Pressure Losses – Friction

Colebrook Equation













fDf h Re
51.2

7.3
log21 

Type equation here.

The Colebrook equation was developed to calculate the friction factor, f, requires you  to also know the Reynolds 
Number, Re and the absolute roughness, ε, which is determined experimentally.  Values of ε  are available in the 
SMACNA HVAC SYSTEMS DUCT DESIGN MANUAL, FOURTH EDITION – DECEMBER 2006,  Table A‐1, pg A.4.  A common 
value to remember is 0.0003 ft for standard galvanized material which is what the friction chart is based on. The 
Colebrook equation value of f must be solved for iteratively



Duct Design Fundamentals
Pressure Losses – Friction













fDf h Re
51.2

7.3
log21 

Type equation here.
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Pressure Losses – Friction

Reynolds Number













fDf h Re
51.2

7.3
log21 

ℎ

Air density (ρ) and dynamic viscosity (μ) are obtained from a Handbook or by using a 
calculator with psychometric routines.

At standard air Conditions:   

The Reynolds Number, Re is the ratio of the inertia force to the viscous force 
caused by changes in velocity.

The Reynolds Number is calculated from:

ℎ



Duct Design Fundamentals
Pressure Losses – Friction

Comparison of Different Velocities and Materials













fDf h Re
51.2

7.3
log21 

Example:  Calculate the Friction Loss in 100 ft 
of rectangular duct 24” x 32” at 1000 fpm, 2000 
fpm, 3000 fpm and 4000 fpm  for standard 
galvanized metal (ε = 0.0003 ft)   and lined duct 
(ε = 0.003 ft)



Duct Design Fundamentals
Pressure Losses – Friction













fDf h Re
51.2

7.3
log21 

Type equation here.



Duct Design Fundamentals
Pressure Losses – Friction

Comparison of Different Velocities and Materials



Duct Design Fundamentals
Pressure Losses – Friction

Comparison of Different Velocities and Roughness

Observations:
• Factor of  ~15 increasing pressure loss from 1000 – 4000 fpm

• 0.04 to 0.60 inch water

• Factor of ~ 1.5 increasing ε by a factor of 10 
• 0.02  to 0.32   inch of water increase



Duct Design 
Fundamentals
Using a Friction 

Loss Chart

Example:  1000 cfm in 10” Dia

Result:  0.40 in wg/100 ft



Duct Design Fundamentals
Pressure Losses – Friction

Equivalent Duct Sizes for Same Friction Loss
Shape Options

• Most duct systems are originally sized with round ducts. For many reasons (head 
room, available equipment), the designer or engineer may want to use an 
equivalent rectangular or flat oval size.

• The following equations calculate the round duct diameter that will give the same 
friction loss as the rectangular or flat oval duct, at the same volume flow rate (cfm).

• Most of the time however,  the round size is known,  and the designer wants to 
determine one of the dimensions of the rectangular or flat oval section. (For 
example,  the ceiling area may only allow a 12‐inch minor axis).



Duct Design Fundamentals
Pressure Losses – Friction

Equivalent Duct Sizes for Same Friction Loss

Rectangular: De = 1.55 . = 1.30 
.

.

Flat Oval:
De = 1.55 . = 

 
.

.

Because of the power relationships these must also be solved iteratively to get the original equivalent round size.  
Fortunately tables, ductulators, spreadsheets and other programs have been created to calculate the equations.  
See Appendix A, Tables A‐2 and A‐3  of the  SMACNA HVAC SYSTEMS DUCT DESIGN manual – FOURTH EDITION –
DECEMBER 2006
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Pressure Losses – Friction

Equivalent Duct Sizes for Same Friction Loss

From: Typo, 
“Circulation”  
should be 
“Circular”

Example:   12 x 7 Rectangular, 1000 cfm
Solution:     From Table A-2 , the Equivalent Round Size is 9.9 inches.  Use the friction chart at 
1000 cfm in 9.9 inch Diameter to, friction loss is 0.4 in water/100 ft



Duct Design 
Fundamentals
Using a Friction 

Loss Chart

Example:  1000 cfm in 10” Dia

Result:  0.40 in wg/100 ft



Duct Design Fundamentals
Pressure Losses – Friction

Equivalent Duct Sizes for Same Friction Loss

From:

Example:   12 x 7 Flat Oval 1000 cfm
Solution:     From Table A-3 , the Equivalent Round Size is 9.4 inches.  Use the friction chart at 
1000 cfm in 9.4-inch Diameter to, friction loss is 0.5 in water/100 ft



Duct Design 
Fundamentals
Using a Friction 

Loss Chart

Example:  1000 cfm in 10” Dia

Result:  0.50 in wg/100 ft



Duct Design Fundamentals
Pressure Losses in Duct Systems
Two Types of Losses



Duct Design Fundamentals

Pressure Losses 
Darcy-Weisbach Equation

Darcy-Weisbach Equation

 



Duct Design Fundamentals
Pressure Losses – Dynamic

The right‐hand side of the Darcey‐Weisbach Equation,  
which is the Weisbach Equation, calculates the dynamic  
loss.

,



Duct Design Fundamentals
Pressure Losses – Dynamic

Δ𝑝 ,   𝐶 ∗ 𝑝

• Experimentally determined loss coefficients are generally used to calculate total pressure dynamic 
losses for fittings or components. 

• Loss coefficients are a function of velocity pressure, pv
• If the section velocity pressure is used, all loss coeffients can be added and multiplied by the sections 

velocity pressure to determine the dynamic losses for the section

• If the common velocity pressure is used ,  then the individual losses must be totaled.

Δ𝑝 ,   𝐶 ∗ 𝑝



Duct Design Fundamentals
Pressure Losses – How Loss Coefficients are Determined

,

,

Every fitting has associated loss coefficients, which can be determined 
experimentally by measuring the total pressure loss through the fitting for 
varying flow conditions.  Often the pressure loss is regressed vs the velocity 
pressure and the slope of the regression is the loss coefficient.



Duct Design Fundamentals
Pressure Losses – How Loss Coefficients are Determined

Δpt,1-2 = Δps,7-8 + (pv7 – pv8) – (L7-1Δpf,7-1 + L2-8Δpf,2-8) 

,

L7‐1 is the measured length from the 
upstream static pressure measurement 
plane to the center point of the fitting, and 
L2‐8 is the measured length from the center 
point of the fitting to the downstream static 
pressure measurement plane



Duct Design Fundamentals
Pressure Losses – How Loss Coefficients are Determined, Diverging Flow

Cs  ,

Main: Δpt,1-2 = Δps,7-8 + (pv7 – pv8) – (L7-1Δpf,7-1 + L2-8Δpf,2-8)

Branch: Δpt,1-3 = Δps,7-9 + (pv7 – pv9) – (L7-1Δpf,7-1 + L3-9Δpf,3-9) Cb  ,

L7-1, L2-8 and L3-9
are measured to the 
centerline of the fitting



Duct Design Fundamentals
Pressure Losses – How Loss Coefficients Branch Fittings are Determined when Referenced 

to the Common Section

For diverging flow , if the loss 
coefficient is referenced to the 
upstream velocity pressure , 𝑢 𝑑 𝑣𝑢

Since the total pressure loss 
has to be the same, then: , 𝑠𝑒𝑐𝑡𝑖𝑜𝑛 𝑣, 𝑠𝑒𝑐𝑡𝑖𝑜𝑛

𝑠𝑒𝑐𝑡𝑖𝑜𝑛 𝑣, 𝑠𝑒𝑐𝑡𝑖𝑜𝑛 =   𝑢 𝑑 𝑣𝑢
or

𝑠𝑒𝑐𝑡𝑖𝑜𝑛 =   𝑢 𝑑
,



Duct Design Fundamentals
Pressure Losses – How Loss Coefficients are Determined, Converging Flow

Cs  ,

Main: Δpt,1-2 = Δps,7-8 + (pv7 – pv8) – (L7-1Δpf,7-1 + L2-8Δpf,2-8)

Branch: Δpt,3-2 = Δps,9-8 + (pv9 – pv8) – (L9-3Δpf,9-3 + L2-8Δpf,2-8) Cb  ,

L7-1, L2-8 and L9-3
are measured to the 
centerline of the fitting
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Pressure Losses – How Loss Coefficients Branch Fittings are Determined when Referenced 

to the Common Section

For converging  flow , if the loss 
coefficient is referenced to the 
downstream velocity pressure , 𝑢 𝑑 𝑣𝑑

Since the total pressure loss 
has to be the same, then: , 𝑠𝑒𝑐𝑡𝑖𝑜𝑛 𝑣, 𝑠𝑒𝑐𝑡𝑖𝑜𝑛

𝑠𝑒𝑐𝑡𝑖𝑜𝑛 𝑣, 𝑠𝑒𝑐𝑡𝑖𝑜𝑛 =   𝑢 𝑑 𝑣𝑑
or

𝑠𝑒𝑐𝑡𝑖𝑜𝑛 =   𝑢 𝑑
,



Duct Design Fundamentals
Loss Coefficient Tables

• Loss coefficients are often published in table form or equations.  See tables A‐7 to 
A‐15 in the HVAC SYSTEMS DUCT DESIGN manual.

• If a branched fitting, check to see what referenced velocity pressure is used.

• If non‐standard conditions are encountered,  use the density correction factors 
from Figure A‐4

Example:   10” Dia,  90° Smooth Radius Elbow, R/D = 1.5.  
Airflow is 1000 acfm. Elevation is 5000 ft.



Duct Design Fundamentals
Loss Coefficient Tables

Solution:    Area = (π x 102/4)/144 = 0.55 ft2
Velocity = 1000/0.55 = 1833 fpm
Velocity pressure at standard conditions, pv = (1833/4005)2 = 0.21 inch of water
C = 0.15 from Table A‐7A,  Ke from Figure A‐4, A.14 (elevation correction
factor for density) = 0.83 

Table A-7A, page A.15
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Loss Coefficient Tables



Duct Design Fundamentals
Loss Coefficient Tables

Δpt = 0.15 x 0.21 x 0.83 = 0.03 inch of water



Duct Design Fundamentals
Loss Coefficient Tables

Example:   Diverging Tee 45° Rectangular Main and Branch.  
Main is 10” x 10”,  Branch is 7” x 7“.  Airflow Main is 1000 
cfm. AirFlow Branch is 500 cfm.  Standard air.



Duct Design Fundamentals
Loss Coefficient Tables

Page A.33

Vp = pvc



Duct Design Fundamentals
Loss Coefficient Tables

Solution:    Area Main, Ac = (10 x 10) /144 = 0.69 ft2
Area Branch, Ab = (7 x 7) /144 = 0.34 ft2
Velocity, Vc = 1000/0.69 = 1440 fpm
Velocity, Vb = 500/0.34 = 1469 fpm
Velocity pressure pvc = (1440/4005)2 = 0.13 in H20
Velocity pressure pvb = (1469/4005)2 = 0.13 in H20
Velocity Ratio, Vb / Vc  = 1469/1440 = 1.02
Flow Rate Ratio, Qb / Qc  = 500/1000 = 0.50



Duct Design Fundamentals
Loss Coefficient Tables

Page A.33

Δpt,c‐b = 0.74 x 0.13 = 0.10  inch water
When the downstream section of the main stays the 
same diameter,  the loss coefficient is approximately 
0.00 and Δpt,c‐s = 0.00 inch of water

Table A‐11N, Cb = 0.74
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Loss Coefficient Tables

Example:   Converging Tee 90° Round Main and Branch.  Main is 
10” ,  Branch is 7” .  Airflow Main is 1000 cfm. AirFlow Branch is 500 
cfm.  Standard air.

Note 8: A = Area ( sq. in.). Q= airflow 
(cfm). V= Velocity (fpm)
Use the velocity pressure (pvc) of the 
downstream section. Fitting loss TP 
= C  pvc

Table A-10, 
Page A.25



Duct Design Fundamentals
Loss Coefficient Tables

Solution:    Area Main, Ac = (π102 /4) /144 = 0.55 ft2
Area Branch, Ab = (π72 /4) /144 = 0.24 ft2
Velocity, Vc = 1000/0.55 = 1818 fpm
Velocity, Vb = 500/0.24 = 2083 fpm
Velocity pressure pvc = (1818/4005)2 = 0.21 in water
Velocity pressure pvb = (2083/4005)2 = 0.27 in water
Flow Rate Ratio, Qb / Qc  = 500/1000 = 0.50
Area Rate Ratio, Ab / Ac  = 0.24/0.55 = 0.44

Table A-10, Page A.25



Duct Design Fundamentals
Loss Coefficient Tables

Example:   Converging Tee 90° Round Main and Branch.  Main is 
10” ,  Branch is 7” .  Airflow Main is 1000 cfm. AirFlow Branch is 500 
cfm.  Standard air.

Note 8: A = Area ( sq. in.). Q= airflow 
(cfm). V= Velocity (fpm)
Use the velocity pressure (pvc) of the 
downstream section. Fitting loss TP 
= C  pvc

Table A-10, 
Page A.25

Cb= 1.0 



Duct Design Fundamentals
Loss Coefficient Tables

Solution:    Cb = 1.0,  Cs= 0.53

Δpt,b‐c = 1.0 x 0.21 = 0.21  inch water

Δpt,s‐c = 0.53 x 0.21 = 0.11  inch water

Table A-10, Page A.25
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Fitting Efficiency – Round Elbows



Duct Design Fundamentals
Fitting Efficiency – Rectangular Elbows



Duct Design Fundamentals
Fitting Efficiency – Rectangular Elbows



Duct Design Fundamentals
Fitting Efficiency – Diverging Flow Branches



Duct Design Fundamentals
Fitting Efficiency – Diverging Flow Branches



Duct Design Fundamentals
Fitting Efficiency – Diverging Flow Branches



Duct Design Fundamentals
Fitting Efficiency –

Diverging Flow Branches



Duct Design Fundamentals
Fitting Efficiency – Converging Flow Branches



Duct Design Fundamentals
System Effect



Duct Design Fundamentals
System Effect



Duct Design Fundamentals
Fan Outlet Effects



Duct Design Fundamentals
Fan Outlet Effects



Duct Design Fundamentals
Fan Outlet Effects – Effective Length

To Calculate 100 Percent Effective Duct Length, 
Assume a Minimum of 2-1/2 Hydraulic Duct 
Diameters for 2500 FPM or Less.  Add 1 Duct 
Diameter for Each Additional  1000 FPM.

Example:  5000 FPM = 5Dh

Dh  =  4A/P  

For Rectangular, Dh  = 4 x ( a x b)/(2 x (a + b))



Duct Design Fundamentals
Fan Outlet Effects



Duct Design Fundamentals
System Effect Curves



Duct Design Fundamentals
Fan Outlet Effects



Duct Design Fundamentals
System Effect Curves



Duct Design Fundamentals
System Effect Curves

If the outlet velocity is 3000 fpm,  the 
System Effect is 0.40 inch of water 



Duct Design Fundamentals
Fan Outlet Effects – Specifically for Elbows



Duct Design Fundamentals
Fan Outlet Effects – Specifically for Elbows



Duct Design Fundamentals
Fan Inlet Effects 

 HVAC centrifugal and axial flow fans are 
tested without any inlet obstructions or duct 
connections.

 For rated performance, the air must enter the 
fan uniformly over the inlet area in an axial 
direction without pre−rotation.

 Non−uniform flow into the inlet is the most 
common cause of reduced fan performance. 

 A poor inlet condition results in an entirely 
new fan performance.



Duct Design Fundamentals
Fan Inlet Effects 

• Many other inlet situations are identified in 
Chapter 6 of the SMACNA  HVAC 
SYSTEMS DUCT DESIGN manual

• Uses Chart from Figure 6-1



Duct Design Fundamentals
General Fan Connection System Effects

Conditions Include:

o 6.2.1 Fan Outlet Ducts
o 6.2.2 Fan Outlet Diffusers
o 6.2.3 Fan Outlet Duct Elbows
o 6.2.4 Turning Vanes
o 6.2.5 Fan Volume Control Dampers
o 6.2.6 Duct Branches
o 6.3.1 Inlet Ducts
o 6.3.2 Inlet Elbows
o 6.3.3 Inlet Vortex
o 6.3.4 Inlet Duct Vanes
o 6.3.5 Straighteners
o 6.3.6 Enclosures
o 6.3.7 Obstructed Inlets



Duct Design Fundamentals
ASHRAE Duct Fitting Data Base (DFDB)

ASHRAE  developed  an Online Duct Fitting Database (DFDB). The database enables the 
user to select from over 200 fittings, enter information such as airflow and size, and the 
database outputs velocity, velocity pressure, loss coefficient and pressure loss. 

ASHRAE Duct Fitting Database Nomenclature

Fitting Function Geometry Category Sequential Number
S: Supply D: Round 1: Entries 1, 2, 3 … n

E: Exhaust/Return R: Rectangular 2: Exits

C: Common F: Flat oval 3: Elbows

4: Transitions

5: Junctions

6: Obstructions

7: Fan and System Interactions

8: Duct-Mounted Equipment

9: Dampers

10: Hoods

11: Straight Duct



Duct Design Fundamentals
ASHRAE Duct Fitting Data Base (DFDB)

Setting Air Properties



Duct Design Fundamentals
ASHRAE Duct Fitting Data Base (DFDB)



Duct Design Fundamentals
ASHRAE Duct Fitting Data Base (DFDB)



Duct Design Fundamentals
ASHRAE Duct Fitting Data Base (DFDB)



Duct Design Fundamentals

Duct Design Overview



Duct Design Fundamentals
Goals of a High Performance   Air System ‐ Duct Design

• Design energy efficient HVAC systems that deliver the proper amount 
of air to specific areas of the building

• Design balanced systems  
• Minimize fan energy use
• Minimize first cost
• Minimize the maintenance cost
• Keep noise levels within the required NC/RC levels
• Provide a comprehensive design to the owner per the Owner’s Project 
Requirements (OPRS) 
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Designing the Duct System

Step 1__ Determine air volume requirements.  Include an allowance for leakage. 
Step 2__ Locate duct runs.  Avoid unnecessary directional changes.
Step 3__ Locate balancing dampers if necessary.
Step 4__ Determine the allowable noise (NC) levels.
Step 5__ Select design method. 
Step 6__ Select the initial duct size. 
Step 7__ Determine duct sizes based on the design methodology.   Use efficient fittings.
Step 8__ Keep aspect ratios as close to 1 as possible.
Step 9__ Determine system pressure requirements.  Include total pressure losses of components.
Step 10__ Analyze the design to improve balancing and reduce material cost..
Step 11__ Select fan according to proper guidelines
Step 12__ Analyze the design to make sure it meets the acoustical requirements.
Step 13__ Select  materials that minimize cost and meet SMACNA Duct Construction Standards.
Step 14__ Analyze the life-cycle cost of the design.  
Step 15__ Commission the design to make sure it meets the OPR.
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Designing the Duct System ‐Select the Design Method
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Designing the Duct System ‐ The Critical Path

• Critical paths are the duct sections from a fan outlet to the terminal device with 
the largest total pressure drop for supply systems or from the entrance to the fan 
inlet with the highest total pressure drop for return or exhaust systems.

• The difference between the critical path and other paths will be excess total 
pressure.  If the path has excess total pressure,  it can be used with smaller 
sections, less efficient fittings, dampers, or the VAV box.

[SMALLER SECTIONS IS THE PREFERRED METHOD;  BALANCES AND LOWERS 
COST]

• In all systems there will be an imbalance because we don’t use an infinite amount 
of duct sizes.  It is always recommended to provide designed balanced systems.
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Determine the Duct System Method – Sample Equal Friction Design
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Determine the Duct System Method

Recommend Using Equal Friction for Smaller System with slower velocity.

For HPAS designs,  recommend Static Regain w additional Balancing 
using even smaller ducts and/or less efficient fittings

DESIGN BALANCED SYSTEMS
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Designing the Duct System ‐Select the initial duct size 

Method 1 - Use Grey 
Shaded Area 

For Air Quantity 
greater than 20,000 
cfm, maximum 
suggested velocity is 
4000  fpm
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Designing the Duct System ‐Select the initial duct size 

Method 2 - Use Table 8 from Chapter 
48 of the ASHRAE – HVAC Application, 
Noise and Vibration Control.
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Designing the Duct System ‐Select the initial duct size 

Method 3 - Use an initial friction rate (inch water / 100 ft), based on the economics of the area

Prevailing Energy Cost is High or Installation Labor
Cost is Low: 0.08 to 0.15 in. water per 100 ft

Prevailing Energy Cost is Low or Installation Labor
Cost High: 0.30 to 0.60 in. water per 100 ft
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Duct Design Methods !

Duct Design – Equal Friction
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Equal Friction Rate Design Steps

• Layout a single‐line drawing of the system, and assign section numbers.
• Locate balancing dampers for Constant Volume systems, not needed for VAV system.
• Determine leakage in each section of ductwork, and add to the air quantity required per the load 

calculations and system diversity. A good average is include an allowance for about 5% system 
leakage.

• Determine terminal total pressure requirements for constant volume diffusers, or VAV terminal units.  
• Size all main and branch duct at a constant friction rate/maximum duct velocity.  
• Calculate the total pressure loss for each section, both supply and return ductwork.  Use the “Equal 

Friction” spreadsheet.  For each main and branch of a junction be sure to account for the straight‐
through and branch loss coefficients.

• Tabulate the total pressure required for each path from the fan to each supply and return terminal. 
• Determine the maximum operating pressure; then calculate the excess total pressure at each 

terminal.
• If excess pressure is  greater than 0.1 in. of water, consider using a higher friction rate in non design 

legs to use smaller sections.
• Less Efficient / less costly elbows might also be used in non‐design legs.
• Perform an acoustical analysis of the system . Add insulation or silencers as necessary
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DUCT DESIGN BY THE EQUAL FRICTION METHOD

Sample Problem: Size the system shown by the equal friction
method. The design air temperature is 69 °F, located in Denver
Density (ρ) is 0.061 lbm/ft3, zero duct air leakage, Ducts are round
spiral galvanized steel. The diffuser and distribution ductwork
downstream of the VAV box has a pressure loss of 0.05 in. of
water. The VAV terminal units have loss coefficients according to
the following Table Size

VAV terminal unit Resistance

Section Box Inlet Size 
(in.) Airflow (cfm)

Loss 
Coefficient 

(C)
4 & 5 10 1000 2.58
7 9 800 2.31

9 & 10 8 600 2.49
13 & 14 14 2000 2.56
17 & 18 12 1400 2.65

20 8 600 2.49
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DUCT DESIGN BY THE EQUAL FRICTION METHOD

Assume the first section is located above a suspended acoustical
ceiling with an RC requirement of 35 maximum.

Solution:  Using the Acoustical Table 
below, the maximum velocity is 3500 
fpm.
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DUCT DESIGN BY THE EQUAL FRICTION METHOD

Solution:  The total fan airflow is 11,400 CFM.   Sizing the first 
section for the maximum velocity results in a diameter size of  
25 inches.

That has a friction loss rate of 0.41 inch water /100 ft.   That rate 
will be used to size the other sections. This is actually Section 2 
as Section 1 will be the fan transition.   We must also account 
for the other fitting losses,  so a spreadsheet is used to 
calculate the data for each section
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DUCT DESIGN BY THE EQUAL FRICTION METHOD
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DUCT DESIGN BY THE EQUAL
FRICTION METHOD ,
Section 11
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DUCT DESIGN BY THE EQUAL FRICTION METHOD
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DUCT DESIGN BY THE EQUAL
FRICTION METHOD ,
Section 15, 19 and 20
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DUCT DESIGN BY THE EQUAL FRICTION METHOD
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DUCT DESIGN BY THE EQUAL
FRICTION METHOD ,
Section 3, 6 and 8
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DUCT DESIGN BY THE EQUAL FRICTION METHOD
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DUCT DESIGN BY THE EQUAL
FRICTION METHOD ,
Section 4/5, 9/10 and 7
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DUCT DESIGN BY THE EQUAL FRICTION METHOD
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DUCT DESIGN BY THE EQUAL
FRICTION METHOD ,
Section 12, 16 and 13/14
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DUCT DESIGN BY THE EQUAL FRICTION METHOD
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DUCT DESIGN BY THE EQUAL
FRICTION METHOD ,
Section 17, 18
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DUCT DESIGN BY THE EQUAL FRICTION METHOD



Duct Design Fundamentals
DUCT DESIGN BY THE EQUAL FRICTION METHOD
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DUCT DESIGN BY THE EQUAL FRICTION METHOD

UN‐BALANCE
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Duct Design Fundamentals
Duct Design – Static Regain

• Layout a single‐line drawing of the system, and assign section numbers.
• Locate balancing dampers for Constant Volume systems, not needed for VAV system.
• Determine leakage in each section of ductwork, and add to the air quantity required per the load calculations and 

system diversity. A good average is include an allowance for about 5% system leakage.
• Determine terminal total pressure requirements for constant volume diffusers, or VAV terminal units.  
• Size fan discharge duct (first supply air section after the fan) at the maximum recommended initial duct velocity 
• Size the straight‐through sections first using pv1 – pv2 – Δpt,1‐2.  Use the “static regain” spreadsheet.
• Size the branches using the same method up to VAV terminal units, if any.  Use the junction upstream velocity to 

determine pv1. 
• Size ductwork downstream of VAV terminal units by the equal friction method.
• Tabulate the total pressure required for each path from the fan to each supply terminal, and calculate the excess 

total pressure at each terminal.  
• Design should be reasonably in balance.  If not, adjust the appropriate branch by decreasing duct size or use less 

efficient  fittings.  Unbalance of 0.1 in. of water is acceptable (well within the accuracy of the fitting loss 
coefficients).

• Perform an acoustical analysis of the system (consult Chapter 10).  Provide lined duct or sound attenuators where 
necessary.
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DUCT DESIGN BY THE STATIC REGAIN METHOD

Sample Problem: Size the system shown by the static regain
method. The design air temperature is 69 °F, located in Denver
Density (ρ) is 0.061 lbm/ft3, zero duct air leakage, Ducts are round
spiral galvanized steel. The diffuser and distribution ductwork
downstream of the VAV box has a pressure loss of 0.05 in. of
water. The VAV terminal units have loss coefficients according to
the following Table Size

VAV terminal unit Resistance

Section Box Inlet 
Size (in.)

Airflow 
(cfm)

Loss 
Coefficient 

(C)
4 & 5 10 1000 2.58
7 9 800 2.31

9 & 10 8 600 2.49
13 & 14 14 2000 2.56
17 & 18 12 1400 2.65

20 8 600 2.49
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DUCT DESIGN BY THE STATIC REGAIN METHOD

Assume the first section is located above a suspended acoustical
ceiling with an RC requirement of 35 maximum.

Solution:  Using the Acoustical Table 
below, the maximum velocity is 3500 
fpm.
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DUCT DESIGN BY THE STATIC REGAIN METHOD

Solution:  The total fan airflow is 11,400 CFM.   Sizing the first 
section for the maximum velocity results in a size of  25 inches.

This is actually Section 2 as Section 1 will be the fan transition.   
We must also account for the other fitting losses,  so a 
spreadsheet is used to calculate the data for each section
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DUCT DESIGN BY THE STATIC REGAIN METHOD
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DUCT DESIGN BY THE Static Regain METHOD ,
Section 11
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DUCT DESIGN BY THE STATIC REGAIN METHOD
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DUCT DESIGN BY THE STATIC REGAIN METHOD
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DUCT DESIGN BY THE STATIC REGAIN METHOD
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DUCT DESIGN BY THE Static Regain METHOD ,
Section 15
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DUCT DESIGN BY THE STATIC REGAIN METHOD
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DUCT DESIGN BY THE STATIC REGAIN METHOD
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DUCT DESIGN BY THE STATIC REGAIN METHOD



Duct Design Fundamentals
DUCT DESIGN BY THE STATIC REGAIN METHOD
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DUCT DESIGN BY THE STATIC REGAIN METHOD
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DUCT DESIGN BY THE STATIC REGAIN METHOD

UN‐BALANCE
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DUCT DESIGN BY THE STATIC REGAIN METHOD

Comparison with Equal Friction
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DUCT DESIGN BY THE STATIC REGAIN METHOD

Comparison with Equal Friction
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Step 10__ Analyze the design to improve balancing and reduce material cost.

Step 11__ Select fan according to proper guidelines – See Section 4.8, page 4.6 of the 
SMACNA HVAC System Duct Design Manual and AMCA Manuals

Step 12__ Analyze the design to make sure it meets the acoustical requirements.
See Chapter 10 Designing For Sound and Vibration of the SMACNA HVAC 
System Duct Design Manual or the SMACNA Sound and Vibration Manual, 
First Edition – December 2004

Step 13__ Select  materials that minimize cost and meet the SMACNA Duct 
Construction Standards  Metal and Flexible, Third Edition – 2005

Step 14__ Analyze the life-cycle cost of the design  

Step 15__ Commission the design to make sure it meets the OPR.  Reference the 
SMACNA HVAC Commissioning Manual, Second Edition - 2013
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Acoustics
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Acoustical Analysis Overview

Page 10.3
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Acoustical Analysis Overview
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Acoustical
Analysis Overview

Page 10.5
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Acoustical Analysis Overview
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Acoustical Analysis Overview

Page 10.11
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Step 13__ Select  materials that minimize cost and meet the SMACNA Duct 
Construction Standards  Metal and Flexible, Third Edition – 2005

Step 14__ Analyze the life-cycle cost of the design  

Step 15__ Commission the design to make sure it meets the OPR.  Reference the 
SMACNA HVAC Commissioning Manual, Second Edition - 2013
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Commissioning

• Commissioning may be defined as: “the process of advancing systems from a state of 
static physical completion to a state of full, demonstrated, and documented working order, 
according to the owner’s project requirements and the design requirements

• The owner’s operating staff are instructed in correct systems operation and maintenance.

• The full commissioning process should be planned  and documented. Planning should 
begin as early as possible to ensure the owner’s project requirements are understood and 
suitable quality assurance strategies are utilized. 

• The quality assurance process should be documented to provide an auditable record of 
the process.
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Commissioning

Examples of Equipment Included:

• Hot water and steam boilers; with atmospheric or power burners; gas, oil, or combination 
gas/oil fired.

• Chillers; with reciprocating, scroll, screw, or centrifugal compressors; air-or water- cooled; 
with or without condensers; and including heat recovery models.

• Cooling towers, closed-circuit heat rejectors, and both air cooled and evaporative 
condensers.

• Hot water, chilled water, and condensing water pumps associated with the preceding.
• Constant volume, single zone air systems (including all components such as fans, coils, 

furnaces, condensing units, dampers, and controls, as applicable).
• Condensing boilers.
• Primary and secondary piping systems.
• Variable flow piping or pumping systems.
• Variable Air Volume (VAV) Systems (including various components such as terminal units 

and Variable Frequency Drives
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Commissioning

Chapter 6. Level 1 , Basic Commissioning, The commissioning agent’s first task is to pull 
together:

• The Owner’s Project Requirements

• Statement of design intent

• Schedule information

• List of equipment and systems needing to be commissioned,

• List of sub trades, suppliers, and other contractors (most commonly the electrical contractor)    
who will be involved in the commissioning process, and

• All submittal data and controls sequence descriptions needed to prepare commissioning 
checklists.
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Commissioning

6.1 OVERVIEW . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . 6.1
6.2 PREPARATIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6.1
6.3 COMMISSIONING PLAN . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6.2
6.4 PRESTART CHECKS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . 6.2
6.5 FUNCTIONAL PERFORMANCE TESTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6.3
6.6 OPERATIONS INSTRUCTION AND DEMONSTRATION . . . . . . . . . . . . . . . . . . . . . . . 6.3
6.7 SUMMARY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6.4

Chapter 6 Level 1 , Basic Commissioning - Also includes

All the checks and tests are carried out to suit the schedule requirements of the project. 
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