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System design

System components &

Single branch systems

• Design of a ventilation system is done in a series of
steps, from the entry toward the stack

• For each element of the system we need to assess the
total pressure, pressure loss and total airflow at the
start and end of that element

• The basic building blocks are hoods, straight ducts,
elbows, expansions / contractions, and junctions

• In most cases, the pressure loss is proportional to the
velocity pressure in the duct

Serial flow system

• PT1 = PT2 + losses

• PT2 = PT1 - losses

• PT2 = PT1 - Fe*Pv1
Where PT = PS+PV
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Conditions after the
hood entry

Conditions elsewhere in the system

1=upstream,

2= downstream

Hood entry losses
• Entry loss is proportional to Pv

• Loss factors tabulated for various shapes

)1( eVsh

VeVsh

FPP

PFPP

+=

+=
Vee

eVsh

PFH

HPP

=

+=

SPH'

D



2

Straight Duct friction losses
• Friction losses increase linearly with duct

length increasing air density, typical form:
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UNITS for this eqn:

L = feet

Pv = inches of water

D = inches

Hf = inches of water

General Form, use Vent
textbook or charts

He = Nel Fel Pv

Elbows

Round Elbows

Fe value

NOTE for elbows that are not 90º   Fe(_) = Fe(90º)*(_/90)

Rectangular/square elbows
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Contractions and Expansions
• loss is proportional to the change in PV

Pt #1
Pt #2

Pt #3

( )1221 VVVTT PPPDefinelossesPP −=Δ+=

( ) ( )12 VVeVef PPFPFHlosses −=Δ==

For Contraction: Fe is Positive        For Expansions: Fe is Negative
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 Expansion

Pt #1
Pt #2

Pt #3

lossesPP TT += 21
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• Point #1 to Point #2

 Contraction

Pt #1
Pt #2

Pt #3

lossesPP TT += 32
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• Point #2 to Point #3

Expansion/Contraction
• Loss factor Fe depends on taper angle

– 90º transition has max loss, gentle taper is less
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Expansion Fe table Contraction Fe table

 Contraction Example

Pt #1 Pt #2
Pt #3

lossesPP TT += 32

( )233322 VVeVSVS PPFPPPP −++=+

• Point #2 to Point #3 with 30º taper
• Find PS3 when PV2=0.4”wg, PS2= -2”wg, PV3=1.1”wg

Fe=0.13 from chart

-2 + 0.4  = PS3 + 1.1 + 0.13 (1.1 - 0.4)

PS3 = -2.791

Junctions

lossesPP TT += 21
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• Junction loss depends on angle of entry and PV

in the controlling branch

Pt #1

Pt #2
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Take home problem END here


