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INTRODUCTION
MAIN PLANT ELEMENTS OF A FULL-AIR

CONDITIONING SYSTEM

GENERATION | AHP |
SYSTEM Air Handling Unit

(UTA — unita di trattamento aria)

| |

Filters
Air dampers (serrande)
Heating/cooling coil
(batterie di riscaldamento/raffrescamento)
De/humidification sections
Fans (ventilatori)

Gas boiler, chiller,
heat pumps, etc.

AIR AIR
DISTRIBUTION TERMINAL
SYSTEM UNIT

Exhaust/supply/fresh air

terminal device
(Bocchette)

Air distribution ducts

SIZING TOOL
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INTRODUCTION

Outdoor air

\ 'r / Main duct
Y
]

AR
1 2 oA
_
|

Final branch Secondary branch

Terminal device
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SIZING AN AERAULIC SYSTEM

* 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
[m?] S \ /

-

[m3/s] G=Secv
SMALL duct sizing

[m/s] v
PROS CONS
High fluid velocity, must take into account

Small dimension means small overall cost . . .
vibrations and noise

High fluid-duct wall frictions require higher costs

Easier positioning
to keep the flow moving

Reduced necessary technical space
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PRESSURE DROP

To set a fluid in motion a pressure difference between inlet and outlet sections will be
needed.

AP, : kinetic energy variation
AP,,: potential energy variation

AP friction pressure loss

Friction pressure loss (or pressure loss) is due to two components:
® | ocalised pressure drop: occurs whenever flow meets discontinuity in its path

® Continuous pressure drop: occurs because of fluid-wall interactions
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LOCALISED PRESSURE DROP

2
APl — P: 6 [Pa] - p fluid density l%]

- v mean fluid velocity E]

- ¢ localised p.d. coefficient [/]

¢ coefficient is established on the basis of the particular type of loss, usually
tabulated for the most common circuit elements (curves, branches etc.)
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UNI 10381-2

Fig. 1 - Abaco per la determinazione delle perdite di carico distribuite (massa volumica 1,204 kg/m?, rugosita € = 0,09 mm)
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TABLES TO DEFINE LOCALISED PRESSURE DROP

TiPO FIGURA CARAT TERIS TICHE PERDITA Of PRESSIONE
) c | L/O I Lrw
RE T TANGOL ARE .
CuRva A we @ 0 ROTONDA . CON © ggggt;&r_pipgfgf O UNA CURVA
SENZA ALETTE
! GOMITO 730 65 ' R/W Ri/W R/W
CURVA A 90° O—t‘j- R/O=0.5 0.90 _ GOMITG 0.5 28
SE ZIGNE + 0.75 Q45 23 n 0.5 o4 0.70 19
ROTONDA a 1.0 a33 17 CURVA A 90° v 0.7 o0& 12
p 1.5 Q24 12 SEZIONE H,— 10 10 0,13 - 22
20 0.19 10 RET TANGOL ARE = gy, L5 f . 0.12
con GOMITG 0. o 22
HW = or:f;g 125 i DEFLETTORI k2 as 02 0.4 0.45 16
g 075 Q4 o7 0.12
025 '-;’5 ;gg 525 ~ 10 07 10 a. 10
%7 a.e0 2 25 13 16 0. 15
.5 o.19 <
A4 GOMITO 1,47 49
W as 110 40 GOMITO CON. |~ DA C=0.10+0.35 SECONDO LA
a7 6.5 lo7s aso e ALETTE LAMIERA COSTRUZIONE
@ 10 0.28 9 "N\ AEROOINAMICHE
CURVA A $0° e .5 013 s
SEZIONE GOMITO 1. 50 75 GOMITO A T
RETTANGOL ARE 0.5 100 50 CON ALETTE
1o lozs 0,41 21 CONSIDERARLD UGUALE AD UNA CURVA
L0 0.22 11 ANALOGA.
.S 0,09 4.5 PERDITA BASATA SULLA VELOCITA' N
GOMITO 1,38 110 7 CURVILINEG ENTRATA
0.5 6,96 65
4.0 .75 0.37 43
1.0 0.19 17
| 15 0,07 | 6
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CONTINUOUS PRESSURE DROP

-p fluid density [%

- v mean fluid velocity [?]

- f friction factor [/]

- L pipe length [m]
- D pipe diameter [m]

The friction factor f is determined either analytically of via appropriate diagrams.
It depends on:

* Fluid density, viscosity and velocity

e Duct diameter and roughness
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TOOL INPUT/OUTPUT

INPUT TOOL

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.)

OUTPUT TOOL

Pressure losses of the aeraulic circuit
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CIRCUIT GEOMETRY

STEP 1

( )
Peak power for space

heating/cooling

)/ [Geometry of the ducts]

N
Minimum renewal air
flow rate

7

[

distribution system

Layout of the air ] —
\

Available space

.

Keep it compact

J

( )
Stability of the building
structure

.

J

\ Noise and vibrations

transmitted
surroundings

to the
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CIRCUIT GEOMETRY

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

Microsoft Exce @
scegliere il numero di canali secondari oK
Annull
ST E P 1 Creazione sistema
1 (&3]
scegliere il numero stacchi 0K
Annull
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DISTRIBUTION LINE DESIGN

STEP 2

Deciding the flow rate for each section of the plant
according to the specifics needs of every environment

(both extraction and immission)

a) Calculated and specific for the case study

b) Defined from tables and standards

Frospemo i - FOorame ol aria esierna in eqinci agoin ag uso civie

Categorie di edifici

EDIFICI ADIBITI A RESIDENZA E ASSIMILABILI

RESIDENZE A CARATTERE CONTINUATIVO
- Abitazioni civili:
* soggiomi, camere da letto
* cucina, bagni, servizi
- Collegi, luoghi di ricoveroe, case di pena, caserme,
conventi:
» gale riunioni
= dormitorifcamere
* cucina
* bagnifservizi
RESIDEMZE OCCUPATE SALTUARIAMENTE
Vale quanto prescritta per le residenze a carattere
continuativo
ALBERGHI, PENSIONI ecec,
* ingresso, soggiormi
* sala conferenze (piccola)
= auditori (grandi)
= sale da pranzo
* camere da letto
* bagni, servizi

EDIFICI PER UFFICI E ASSIMILABILI
* uffici singoli
= uffici open space
» |gcali riunione
= centri elaborazione dati

» servizi

Fortata di ara estema o di estrazione
Cap Chag Mote
(1072 m3fs per persona) (102 m3s m?)
11
astrazioni A
g
11 -
E 16,5
estrazioni A
11
55"
5,6*
10
11
estrazioni
11
1
10*
7
estrazioni A
[segue prospetio)
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Portata of aria esterna o di estrazione gt del grosoatis]
Catagarie di sdifici Qup Doy Note Portata @i aria estemna o di estrazione
[0 m¥s perpersana)| (107 mYs m?) Categoria di adific O (e Mats
OSPEDALL CLINICHE, CASE DI CURA E ASSIMILABILI * {10°® miis par persona) . (103 m¥s m?)
" ogares (=5 oM b : i EDIFICI ADIBITI AD ATTIVITA SPORTIVA
* Corsis 1 - -
= camere starili 1 - -
« camare per infatthvi ; o PISCINE, SAUMNE E ASSIMILABILI
= sale mediche/soggiomi 8.5 - u - piscine (sala vasca) . 2.5 C
« torapie fisiche 1 = ¥ = spogliatolsanvizi estrazioni A
» sale cperatorie/sale parte . D - sauns : 2,5 C
» sarvizi astrazioni A
PALESTHE E ASSIMILABILI
EDQIFICI ADIBITI AD ATTIVITA RICREATIVE ASSDCIATIVE . palazzati sportvi 6,5
DI CLALTO E ASSIMILABILI bawling 10
- palestre
CIMEMA, TEATRI, SALE PER CONGRESS! = ke i
= atri, sals di attesa, bar estrazioni - e e 1]
= plates, loggioni, aree per il pubblico, sabke cinematografi- 5.5 = = *.Zare spetiaion 8,5
che, salke teatrali, sale par runioni senza furnatori = altri locali
= palcoscenics, studi TV 12,5° - - = spogiatoisenizi atheti estrazioni A
= saka rivnioni con fumatod 10 - . = sanvizi pubblico estrazioni A
= sarvizi estrazioni A
*Erau iR 1w : ‘ EDIFICI ADIBITI AD ATTIVITA SCOLASTICHE E
= sale attesa stazioni @ metropolifane, eco. estrazioni A ASSIMILABILI
MOSTRE, MUSE], BIBLICTECHE. LUOGHI DI CLLTO T R e pe L 4
= gale mostre, pinacotache, musai G* e Eeucle Sharrani 5
= sale lettura biblioteche 5.5* - Al S50k NS IR g
oo : e aule sousle meds superion 7
= luoghi di culte 8" - g
» sorvizi estrazioni A Mk kel 7
BAR, RISTORANTI, SALE DA BALLO * transiti, comid : :
= bar 11 . A = servizi estrazioni A
= pasficoane B - A = aliri locali:
= sale pranzo ristoranti @ self-service 10 - - = biblicinche, sale latura B
* sale da balo 168,5° % - = aube musica e lingue v
* cucing - 18,5 - » laboratord ¥
» senvizi estrazioni A * sale insegnant 6
- Lo e indcazond dicid iIn9,1.1.1,
ATTIVITA COMMERCHALI E ASSIMILABIL| " Par gh ambiand ol guUasta catagonia non & smmaseo utikzzans ana o demolo,
- grand magazzini - piano interrato g - B Mote: M- Ricamive nchisat ol sandz iglanict
" P Sporea 8.8 2 : - il aditii @ reaidenza & assimiabl 0,001 1 wh (4 vadhi;
- migowi o reparli & grandi magazzini - it categans i teballa (0022 vall (8 wolhy,
= harhier, saloni bellezza 14 - - ¥ vpluma & queilo releive &/ bagn fanibagn! asohus),
= abbigliamento, calrature, mobili, olfici, fioristi, fotografi 11,6 - - B Wdcans | repalamant’ iogal
= afimantari, lavaseceo, larmacie g - - G- Walor ph alavmd possane essene Achiast per ¥ controls delfumioit,
- zone pubblice banche, quariar fersticl 10 . 0« Per quest ambiant o perfate dana devona essens stabiile in relazions alis prescrzion’ wgend ad ale speciiche esgense delie
i prospetia) b i i
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AHU
WC 2§

Bedroom 2

Office Kitchen

Hallway
Living room

I Bedroom | WC 1

CASE STUDY

N. Name Area [m?] Volume [m?3]

I Living room 22.7 68.1

2 Office 9.0 27.0

3 Kitchen 1.0 33.0

4 Bedroom | 15.4 46.2

5 Bedroom 2 12.0 36.0

6 Bathroom | 6.8 20.4

7 Bathroom?2 3.2 9.6

8 Hallway 5.0 15.0
Total 85.1 2553
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TH

STANDARD EN 16798-1

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

E VENTILATION RATE

* Minimum flow rate: 4 L/(s person).

—> High level for specific cases (elderly. sick people)

—> Medium/average value

—> Lowest admissible value (possible discomfort)

Category | Level of expectation
I High -
1| Medium =
11 Moderate —
v Low -

—> To be avoided. Tollerated for limited time

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

4 LU(s px) = 14.4 m¥/(h px) :
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METHOD 1 - FLOW RATE PER SPECIFIC FLOOR AREA OR AS ACR

——————————————————————

Level f L/(s m2)| h(ach) ‘:
| | 0.49 0.7 i The values are the same if the
0 0.2 0.6 | —" height of the room is 2.5 m
I i 0.35 05 |
v 0.23 04 Remember that:

Af = 85 m?
l Volume = 255 m3

Resulting flow rate
Level m3/h
| 150 179
Il 129 153
11 |07 128
IV 70 102
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SIZING THE VENTILATION RATE

Room by room

The maximum ratio M determines the
sharing of fresh air

Ga FRESH ~ M Ga
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EXAMPLE

Ga EST 6
° a EST
2ec | 16°C 5 < 300m¥h - 0.54
1850 W Cmme——— 6,
550 m3/h
Ga EST G
° a EST
26°C 4 10°¢ G <t 500 m3/n - 033
5050 W 4ammmm—— | .
1500 m3/h 820 m*/h
o GqesT G,EsT
l°c 5, L 800m/h 036
26°C a l 3
7550 W e . .,
2250 m3/h
Ga EST tot = 1600 m3/h _— 2350 m3/h

"'470/0
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PRESSURE LOSSES

STEP 3

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

Air flows of the final branch
Duct sizing Awio calcol ‘
Materials
Duct lengths

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).
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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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15T STEP: CREATION OF THE CIRCUIT

EXAMPLE: 2 secondary ducts. 2 final branch each

D E F G H | J K M N o B Q R S
1
3
©UTA MAIN DUCT
.
5 4
6 | Creazione sisterna Awio calcoli |
7| lunghezza tratto m lunghezza tratto m
8 | epsilon - epsilon -
9| perdite localizzate Pa perdite localizzate Pa
10 perdite continue Pa/m perdite continue Pa/m
11 portata Ao portata i
12|
13| I d condotto rettangolare| condotto circolare F I b h I condotto rettangolare |condotto circolare Final bran
15| d y Pa Epsilon 2 Seconda‘ry Pa Epsilon
16| uct
1?_ STACCO1 d u Ct STACCO1
18
19|
20|
21| lunghezza tratto m lunghezza tratto m
22 | epsilon - epsilon -
23 | perdite localizzate Pa perdite localizzate Pa
24| perdite continue Pa/m perdite continue Pa/m
25| portata TSy portata i
26
27 | condotto rettangolare| condotto circolare condotto rettangolare |condotto circolare Flnal bran
28| Final branch -2
29| Pa Epsilon Pa Epsilon
30
31 | STACCO2 STACCO2
32
33|
34
15

ch -1

ch -2

Impianto | Perditelocalizzate | Calcoli | Database | ®
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2ND STEP: MODEL IMPLEMENTATION

MODEL COMPILATION, REMAINING INPUTS —— CALCULATION

Secondary
duct material

A B C 1) E F G H
1
2
‘' UTA
4
: I
6 Secondary —» ) ]
7 . lunghezza tratto m Material — final
duct size _
g epsilon branCh
g perdite localizzate Pa
10 perdite continue Pa/m
11 portata m3/h
12 Secondary
:Ili dUCt Iength condotto rettangolare | condotto EIFED|E;E
15 Pa Epsilon
16
17 STACCO1 A
18 |
Air flow — Final branch
final branch length

Size — final branch
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PARTICULAR ELEMENTS - 1/2

TIPG FIGUR A CARATTERISTICHE PERDITA Gt PRESSIONE
. c | tL/0 T L/w
RE T TANGOL ARE . ’ '
CuRVA A N* 0 ROTONDA ;CON O 3@’ 32 o Pi‘"ggf O UNA CURVA R/W Ri/W Ry/W
' SENZA ALETTE GOMITO 0.5 28
. GOMITO 730 65 - s a5 a4 0.70 19
CURVA A 90° O—g R/D=0.5 o.90 CURVA 4 90° W 0.7 o6 12
SE ZIONE + 0,75 Q45 23 : SEZIONE + 10 1.0 0,13 Y
ROTONDA Lo o33 17 RET TANGOLARE H Rt 15 0.12
P 1.5 o 24 12 CON 5, GOMITO 0.3 G.5 22
20 o.1¢ 70 GEFLETTORI as 0.2 0.4 0. 45 16
075 04 o7 o.12
HiW R/W - 10 a7 1o . 10
GOMITO .25 25 15 17 1e o 16
0.5 128 25 s > - s
025 {0.75 a.60 12
1.0 0.37 7 =
.5 o 19 ' P2 GOMITO CON- [N DA C=0.1020.35 SECONDO LA
4 GOMITO 147 49 ALETTE LAMIERA COSTRUZIONE
w as 1. 10 40 "N\ AEROOINAMICHE
eiro ¥ 0.5 075 a 50 16
« 1.0 0.28 9
CURVA A 90° - .5 0,13 < ggg o EAT TI,
SEZIONE GOMITO 1,80 75 ¢
BE T TANGOL ARE 05 1 00 5o iggfgiimmw UGUALE AD UNA CURVA
no Yors o 27 PERDITA BASATA SULLA VELOCITA IN
s o.09 .5 T CURVILINED ENTRATA
GOMITO 1,38 710
6.5 .96 65
4.0 .75 0.37 43
,0 0.19 17
i 15 0.07 ! &
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PARTICULAR ELEMENTS - 2/2
CARATTE = CARATTE = | COEFFI=
TIPO FIGURA RISTICHE COEFFICIENTE TIPO FIGURA RISTICHE | CIENTE
A1,/42 ¢y Co Aq A2 /Ay c2
4 o1 0.81 81 CONTRAZIONE LAz 0.0 0.34
P 2 a2 ass 16 BRUSCA —— 0.2 032
1 | o3 0.49 5 SPIGOL! ViVI 0.4 0.25
ESPANSIONE . a4 0.36 2.28 I 0.6 a6
BRUSC A a5 0.25 1,00 048 0.06
l 0.6 0,76 G.45 A7 P’y
a7 009 .18 A2
a8 0.04 0.06 CONTRAZIONE ® 30° 0.02
0.9 ao? 0.01 GRADUALE A 45¢ 0.04
Py cr 500 0.07
An Ar=A c
A 5 a17 TRASFORMAZIONE =42
£ SPANSIONE 7 0.22 AD AREA U I"l 0| &= 140 0.15
GRADUALE — ¢ 10° 0.28 COSTANTE A
T 20¢ 0,45 Ay
300 a.59
c
4 -
o a73 INGRE $50 l__, Azeo
45 145 A FLANGIA 034
EFFLUSSO —— I
— At /43200 1.00
BRUSCO — 1. ¢
(Apzem) ! INGRE S SO Asco
A CANALE 0.85
Ag/Ay Co i
Az
0.0 2,50 C
ORIFIZIC U1 UT}. 0.2 2.44 INGRESSO -— Azoo
EFFLUSS0 A 0 0.4 2.26 GRADUALE —
SPIGOLI VIV —_—1T 0.6 196 — 0.03
0.8 154
10 100 h Ag/Az Co
E/D c h___i’
— 0.0 2.50
SBARRA __%‘D o a0 Q,7 ORIFIZIO i -i- 0.2 1,95
AT TRAVERSO T 0.25 14 INGRESSG A g —= 04 139
it CANALE ——L 0.50 4,0 SPIGOLT vIvi T-I a.6 0,96
0.8 0.61
E/D c
—TL-E'"—"T 1.0 .64
ATTRAVERSO T 025 0.55 a9=45 0
It CANALE 050 2.0 T 0.0 2.50
SEARRA A PRO E ORIFIZIO A 4 a2z 1,86
+ /D C — AD
FLo AeRoowA=|  FE. T SPIGOLI Vivi a¢ 121
et 010 0.07 NEL CANALE 1 0.6 0.64
MICO ATTRAVER: ¥ 0.25 023 0.8 0.20
50 n canate | 14 aso aso 10 0.0
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LOCALISED PRESSURE DROP - 2/2

Particular circuit elements
STEP 2 (curves, collars (imbocco/sbocco). el priclizel eiee ‘
pipe bushing (riduzioni). etc.)

- 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)
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STEP 2

LOCALISED PRESSURE DROP - 2/2

Particular circuit elements
(curves, collars (imbocco/sbocco).
pipe bushing (riduzioni). etc.)

Calcolo perdite di carico

Example: table compilation for the circuit branches —— Pressure drop calculation

condotto rettangolare 250x250
canale secondariol,trattol| Imbocco senza invito se RETTANG 1
2.4 Curva con spigolo vivo a 90 1.4

™~

condotto circolare

125

pd

staccol Derivazionea T

2.2

Imbocco senza invito se CIRCOLARE 0.8

1.4

/

Coefficient of the total /

pressure drop
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3RD STEP - FINAL MODEL

(== s VR ¥ R S TR R S R

LT T T T R T T B e R
L T S Y R O T I - R i = R i Y R R L =R R B = N R SRR T R 1

E C D E F G H M N o P Q
UTA
PVC PVC
300x250 Creazione sistema 500x300
lunghezza tratto 3 m lunghezza tratto 2 m Perdita singolo Stacco
epsilon 2.4 - Perdita singolo Stacco epsilon 3.9 - Pa
perdite localizzate 4.94 Pa Pa perdite localizzate 2.89 Pa 427.1
perdite continue 0.12 Pa/m 430.48 perdite continue 0.03 Pa/m
portata m3/h portata 6500 m3/h
PVC PVC
condotto rettangolare| condotto circolare condotto rettangolare |condotto circolare
100x300 250
Pa Epsilon Pa Epsilon
0.54 4.63 0.29 3.7
STACCO1 300 1 STACCO1 400 1.5
250250 500x200
lunghezza tratto 1.5 m lunghezza tratto 1 m
epsilon 3.5 - Perdita singolo Stacco epsilon 1.8 - Perdita singolo Stacco
perdite localizzate 1.66 Pa Pa perdite localizzate 0.34 Pa Pa
perdite continue 0.03 Pa/m 427.65 perdite continue 0.01 Pa/m 435.93
portata 200 m3/h portata m3/h
PVC PVC
condotto rettangolare|condotto circolare condotto rettangolare |condotto circolare
160
Pa Epsilon Pa Epsilon
0.24 0.38 0.24 12.38
STACCO2 200 1.5 STACCO2 200 0.5

Impianto | Perditelocalizzate

Calcoli

Database )
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CHECK AIR VELOCITY!

Air velocity [m/s]

Main Secondary Air Air

ducts ducts inlet outlet
Residential 4 -5 3-4 2-3 1,5 =2
Public buildings, schools 5-8 4 -6 3-5 2-3
Offices 8-11 6-38 5-8 3-4
Industrial buildings 8-15 4 -10

Y
== AHU _,//\<
—> &=

\
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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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