
Heating Ventilation and Air Conditioning Systems April 19th, 2023

Laura Carnieletto, PhD

laura.carnieletto@unive.it

AERAULIC PLANT PRESSURE LOSSES 
AND PLANT SIZING

DEPARTMENT OF INDUSTRIAL ENGINEERING

UNIVERSITY OF PADOVA



Heating Ventilation and Air Conditioning Systems April 19th, 2023

OUTLINE

o Introduction

o Sizing

o Pressure drop (localized/continuous)

o Case study

o Design

o Main output

o Conclusions



Heating Ventilation and Air Conditioning Systems April 19th, 2023

INTRODUCTION

MAIN PLANT ELEMENTS OF A FULL-AIR 

CONDITIONING SYSTEM

GENERATION 

SYSTEM

Gas boiler, chiller, 

heat pumps, etc.

AHU 

Air Handling Unit
(UTA – unità di trattamento aria)

Filters

Air dampers (serrande)

Heating/cooling coil 
(batterie di riscaldamento/raffrescamento)

De/humidification sections

Fans (ventilatori)

AIR 

DISTRIBUTION 

SYSTEM

AIR 

TERMINAL 

UNIT

Exhaust/supply/fresh air 

terminal device
(Bocchette)

Air distribution ducts

SIZING TOOL
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Outdoor air

Main duct

Secondary branchFinal branch

Terminal device

INTRODUCTION

Fan
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• Define physical dimension of the ducts and the fan, which should provide the air
movement while overcoming pressure drops

• To size any duct. the air flow (G) is needed as input

SIZING AN AERAULIC SYSTEM

[m/s]   v

[m2]   S

[m3/s]   G = S ◦ v
SMALL duct sizing

PROS CONS

Small dimension means small overall cost
High fluid velocity, must take into account

vibrations and noise

Easier positioning High fluid-duct wall frictions require higher costs

to keep the flow movingReduced necessary technical space
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To set a fluid in motion a pressure difference between inlet and outlet sections will be

needed.

ΔP= ΔP𝑘 + ΔP𝑝 + ΔP𝑓

ΔP𝑘: kinetic energy variation

ΔP𝑝: potential energy variation

ΔP𝑓: friction pressure loss

Friction pressure loss (or pressure loss) is due to two components:

 Localised pressure drop: occurs whenever flow meets discontinuity in its path

 Continuous pressure drop: occurs because of fluid-wall interactions

PRESSURE DROP
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∆𝑃𝑙 =
𝜌 𝑣2

2
𝜉 [Pa]         - ρ fluid density

kg

m3

- v mean fluid velocity
m

𝑠

- 𝜉 localised p.d. coefficient [/]

𝝃 coefficient is established on the basis of the particular type of loss, usually
tabulated for the most common circuit elements (curves, branches etc.)

LOCALISED PRESSURE DROP
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TABLES TO DEFINE LOCALISED PRESSURE DROP 
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∆𝑃𝑐

𝐿
=

𝜌 𝑣2

2

𝑓

𝐷

𝑃𝑎

𝑚

The friction factor f is determined either analytically of via appropriate diagrams.
It depends on:
• Fluid density, viscosity and velocity
• Duct diameter and roughness

CONTINUOUS PRESSURE DROP

-ρ fluid density
kg

m3

- v mean fluid velocity
m

𝑠

- f friction factor [/]                                                                        

- L pipe length [m]                                                                  

- D pipe diameter [m]                        
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TOOL INPUT/OUTPUT

Number of secondary branches → Number of final branches

Final branches air flow

Size of the ducts

Materials of the ducts

Lengths of the ducts

Particular cicuit elements (curves. collars. etc.)

INPUT TOOL

OUTPUT TOOL

Pressure losses of the aeraulic circuit
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CIRCUIT GEOMETRY

STEP 1

Geometry of the ducts

Peak power for space

heating/cooling

Minimum renewal air 

flow rate

Layout of the air 

distribution system

Available space

Keep it compact

Stability of the building 

structure

Noise and vibrations

transmitted to the

surroundings
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CIRCUIT GEOMETRY

Set up the circuit geometry and its place in the building.

STEP 1 Creazione sistema
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STEP 2

Deciding the flow rate for each section of the plant

according to the specifics needs of every environment

(both extraction and immission)

DISTRIBUTION LINE DESIGN

a) Calculated and specific for the case study

b) Defined from tables and standards
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CASE STUDY

AHU

N. Name Area [m2] Volume [m3]

1 Living room 22.7 68.1

2 Office 9.0 27.0

3 Kitchen 11.0 33.0

4 Bedroom 1 15.4 46.2

5 Bedroom 2 12.0 36.0

6 Bathroom1 6.8 20.4

7 Bathroom2 3.2 9.6

8 Hallway 5.0 15.0

Total 85.1 255.3

Bedroom  2

Bedroom  1

Living room

Kitchen
Office

Hallway
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THE VENTILATION RATE

STANDARD EN 16798-1

• Definition of fresh air flow rates to size the ventilation system;

• Minimum flow rate: 4 L/(s person).

Category Level of expectation

I High

II Medium

III Moderate

IV Low

4 L/(s px) = 14.4 m3/(h px)

For healthy reasons. the minimum flow rate in occupied rooms should never go below 4 L/(s px)

High level for specific cases (elderly. sick people)

Lowest admissible value (possible discomfort)

To be avoided.  Tollerated for limited time

Medium/average value
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Level L/(s m2) h-1 (ach)

I 0.49 0.7

II 0.42 0.6

III 0.35 0.5

IV 0.23 0.4 Remember that:
Af = 85 m2

Volume = 255 m3

The values are the same if the 
height of the room is 2.5 m

METHOD 1 – FLOW RATE PER SPECIFIC FLOOR AREA OR AS ACR
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Ga FRESH

Ga

Room by room

The maximum ratio M determines the 
sharing of fresh air

Ga FRESH = M Ga

Ga TOT = S Gajj

SIZING THE VENTILATION RATE
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1850 W

5050 W

550 m3/h

7550 W

16°C
26°C

26°C
16°C

16°C
26°C

300 m3/h

500 m3/h 

1500 m3/h

2250 m3/h

800 m3/h

Ga EST

Ga EST

Ga EST

Ga 

Ga 

Ga 

Ga EST

Ga

Ga EST

Ga

Ga EST

Ga

= 0.54

= 0.33

= 0.36

820 m3/h

1230 m3/h

Ga EST.tot = 1600 m3/h 2350 m3/h

+47%

EXAMPLE
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STEP 3

PRESSURE LOSSES

Air flows of the final branch

Duct sizing

Materials

Duct lengths

Decide the flow rate for each section of the plant according to the specific needs of each

environment (both return and supply).

Calculate the duct area defining an hypothetical velocity ranging between 2 and 4 m/s

Pressure losses determination (as sum of localised and continuous pressure drops)

The result will most certainly differ for the various sections of the plant. To balance the system,

calibration valves in specific points should be added (main branches, terminals etc).

Avvio calcoli
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STEP 4

Choosing the appropriate operating machine (fan) that will provide the requested
flow and supply the necessary head pressure to overcome the network pressure
losses.
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EXAMPLE: 2 secondary ducts. 2 final branch each

1st secondary
duct

Final branch -1 

1ST STEP: CREATION OF THE CIRCUIT

2nd secondary
duct

Final branch -2 

Final branch -1 

Final branch -2 

MAIN DUCT
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MODEL COMPILATION, REMAINING INPUTS                 CALCULATION

Secondary

duct material

Secondary

duct size

Size – final branch

Material – final

branch

Secondary

duct length

Air flow –

final branch

Final branch

length

2ND STEP: MODEL IMPLEMENTATION
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PARTICULAR ELEMENTS - 1/2
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PARTICULAR ELEMENTS - 2/2
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Particular circuit elements

(curves, collars (imbocco/sbocco). 

pipe bushing (riduzioni). etc.)

LOCALISED PRESSURE DROP – 2/2

- Choosing ducts size of the complete distribution stystem

- Pressure losses determination (as sum of localised and continuous pressure drops)

The result will most certainly differ for the various sections of the plant. The distribution network

should be balanced by adding calibration valves in specific points (main branches, terminals etc)

STEP 2 Calcolo perdite di carico
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Particular circuit elements

(curves, collars (imbocco/sbocco). 

pipe bushing (riduzioni). etc.)

LOCALISED PRESSURE DROP – 2/2

STEP 2

Example: table compilation for the circuit branches Pressure drop calculation

Coefficient of the total
pressure drop

Calcolo perdite di carico
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3RD STEP - FINAL MODEL
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CHECK AIR VELOCITY!



Heating Ventilation and Air Conditioning Systems April 19th, 2023

OUTPUT FOR THE REPORT

- Excel file with the calculations related to the flow rates and the size of the ducts

- Excel file with the tool completed with your data

- Schematic layout of the air distribution system

- Description and comments on the layout with the type of particular elements

- Comments on the main outputs from the tool

- NB: remember to do the calculation for the supply side AND the return side
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