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Air Ducts

Basic Concepts

@ With constant cross-section in segments (section changes are
localized).

@ Composed of different branches, with splits and mergers that cause
variations in flow rate.

@ The air velocity in the ducts must be chosen based on the system’s
use and the location of the ducts to limit noise.

@ Velocity is also important because it determines the pressure
distribution within the ducts.

@ In junctions and branches, all arms have the same static pressure
value.
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Dynamic and Total Pressure

1
Payn = 5pv2 >0 [Pa

Piot = Pdyn + Pstat

Pressure Trend in a Duct

ventilatore
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Pressure and Fans

ventilatore
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Pressure and Fans

Intermediate Fan

ventilatore

P stat
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Variable Cross-Section

T [EEEEEEETEES———— [ ——— . . -

|
1

C;)ne variabil

T
Sezi

P totale

Marco Manzan (UNITS - DIA) Air Duct Calculation May 2024



dict air velocity

Impianti
Componente residential commercial industrial
(m/s) (m/s) (m/s)
external inlet 2,5-4,0 2,5-45 2,5-6,0
Filteers 1,3-1,5 1,5-1,8 1,8-2,5
cold coil 1,5-2,0 2,0-2,5 2,5-3,8
hot coil 2,3-25 2,5-4,0 3,5-5,0
ventilator inlet 3,5-4,5 4,0-5,0 5,0-7,0

ventilator outlet 5,8-8,5 6,5-11,0 8,0-14,0
principal air duct 3,5-6,0 5,0-8,0 6,0-11,0
derivated air duct 3,0-5,0 3,0-6,5 4,5-9,0
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Pressure losses

Continuous pressure losses

fi V2 f
AP = 2p2l = ~Pyul

D, 2 D

f, friction factor
p fluid density
L duct length

Dy, duct diameter if circular
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Rectangular section

b

sezione
passaggio a
aria

Equivalent Diameter

(ab)0,625
Deq = 1’3(3—‘— b)0’25
1< b < 4
a
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Standard duct sizes
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Friction factor computation

Colebrook

Atshul e Tsaal

e 68 0,25
fl=0,11- [ =— + —
0’ <Dh+Re>

se f' >0,018: f,="f
se f' <0,018: f,=0,85-f +0,0028

€ duct rugosity

Re Reynolds number
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material typology rugosita e
[mm]
PVC 0,01-0,05
Alluminium smooth 0,01-0,05
Steel 0,05
galvanized steel 0,05-0,10
galvanized steel continuous medium 0,06 - 0,12
galvanized spiral duct 0,09 - 0,12
metal flexible rough 1,2-2,1
not metal flexible & 1,0-4,6
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Friction chart
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Friction chart

> Diagramma perdite di carico <
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fitting losses

Direct method

2
14
APconc :é% [Pa]

2
V- V.
APcope = 1p21 = 52_9 2

equivalent length

L
Leg=F (=
(o)

Ltot :Leffettiva + Z Leq
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fitting losses

> Tabella resistenze accidentali <
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Duct sizing

Equal friction method

quick and simple method

ideal for symmetrical systems with similar distances between vents
and fans

the ducts are sized with the same pressure loss per unit of length
it must be checked that the pressure at the vents is sufficient

they must be balanced

e chnage sizes
e dampers insertion
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Equal friction method

system balancing with dampers

7 bocchetta
ventilatore bocchetta
' | Ly .
1 2 3
bocchetta
2 5
6
3
serrande 5
1 4
I 7 6
v
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Equal friction methods

changing duct diameter

bochetta
ventilatore bochetta
| ] - s
1 2 3
bochetta
2 5
6

Cambio

diametro
1 4
7/ 7 6
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pressure balance

Static regain method

at each section change the dynamic pressure is transformed into static
pressure

the value of P, is maintained at the beginning of each section
the static pressure is kept constant
can be used to maintain low pressures on the duct wall

iterative solution

more balanced network
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Pressure distribution
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Pt,1 =Ps,1 + Pd,1
=Ps,3 + Pd,3

static pressure

Ps,1 =Pt,1 — Pd,1
Ps,;3 =Pt,3 — Pd,;3

constant static pressure

Ps1 — Ps3 =Pt1 — Pe3 — (Pd1 — Pd3) =0
Ps1 — Ps3 =(Pe,1 — Pe2) + (Pe2 — pe3) + (Pd3 — Pa,1) =0
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parts of the relation

(pt,1 — pt2) pressure loss due to diverging fitting

(P2 — pt3) friction pressure loss between section 2 and 3

(pd.3 — Pd.1) velocity pressure difference between section 3 and 1

different static pressure

@ ducts sizes are limited
@ usually static pressure are not equal
@ the diameter must be changed with a trial and error approach
@ example : ps1 — ps3 >0
Psi — Ps3 = (Pt1 — pt2) + (Pr2 — pr3) + (Pd3 — Pd1) >0
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Increase duct diameter of section 2-3

(Pt,1 — Pr2) pressure loss must be computed from fittings tables
(pt2—pe3) | friction pressure loss decreases since the diameter
increased

(Pd3—pd,1) | decrease, py3 decreases due to the lower velocity
(ps1—ps3) | decrease, before (ps1 — ps3) > 0

Ps1 — Ps3 =(pt,1 — Pe2) + (Pe2 — pe3) — (Pd1 — Pd3) 4

Pressure difference is corrected

ps1 — Ps3 =(Pe1 — Pe2) + (P2 — pe3) — (Pd,1 — pd,3) =0
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