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All Air systems

Energy and mass space balance

m,
= __
HI
04
HA
Lt
ma
D D,
energy and mass balance
(ma)u — (ma)e

(mav)u — (mav)e + m,
My-Xga = My X +m,
my-h, = my-h + ds+ Oy

Marco Manzan (UNITS - DIA) Air Conditioning Systems May 2026 2/32



Space condition line

slope of space condition line
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sensible and latent load

winter

20 | 75 /\ ~
65 ><
15 - 55 ki/kg
45
10— 35 K
25 ><¢,1
) N (‘b
% >
c 15 |
5 sen
Eg 0.825 0.850
0
-10 0 10 20 30

Marco Manzan (UNITS - DIA) Air Conditioning Systems May 2026



Sensible and latent load

summer
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Sensible and latent load

Balance

total load

Dior = m - (ha — hy)
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Sensible Heat Ratio

SHR

The sensible heat ratio (SHR) of an air conditioning process is defined as
the ratio of the absolute value of sensible heat to the absolute value of
total heat
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Summer condition
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Air handling unit (AHU)

summer condition
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Bypass Factor

o
maj
marhp = mephy + hs(ma — mep)
mai(hp — hs) = mgp(hym — hs)
_ (hp—hs) _ (0p —0s)
" (hv —hs) — (Om — 05)
BF =0,67" 0< BF <1

BF

n number of coil rows
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Winter air conditioning cycle

Design condition
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Winter air conditioning scheme

Adiabatic humidification
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Air handling unit - AHU

winter condition
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Winter air conditioning cycle

zero latent load
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Winter air conditioning cycle

Maximum latent load
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Winter air conditioning cycle

steam humidifier
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winter working scheme

Steam humidifier
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heating coil

winter

Characteristics

@ heating coil, can be used as a cooling coil during summer season
@ hot water provided by a boiler
@ drives the humidity of point /

@ it is driven by an humidity sensor in the conditioned space
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Winter air conditioning cycle

zero latent load

20 | 75 /\
65
15— 55 ki/kg
45
10 | =% I
E ) Q
25
‘e
15
51 -
5
/ /
: E 0.850
0
-10 0 10 20 30

Marco Manzan (UNITS - DIA) Air Conditioning Systems May 2026 20/ 32



Heating coll

winter - zero latent load

D pre.max = maj(hgr — hy) = may - Cparia(0gr — Om)
P pre. MAx = Maj [Cpalpr + Xpm(ro + cpvOpr) — Cpabm — Xm(ro + cpvOm)]

Ppre,max = mar [cpa(Oq — Om) + xmcpv (O — Om)]

D pre max = Maj [Cpau(Og — Om)]
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Cooling coll

Maximum latent load

coil heat balance

|| = rinar(hv — hp) — L - e

thhL ~0— ‘q);l = mA/(hM — hp)

Coil selection

_ (hp — hs)
(hm — hs)
(hm — hp) = (hm — hs) + (hs — hp)
(hm — hp) = (hm — hs)(1 — BF)

BF

BF BPF is selected to obtain X, = X;

Water side

AOpyo = |0m — 0, =5 K, O =T7°C 6, = 12°C

|®r | = Mu,0 - cHy0 - Abny0
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Winter air conditioning cycle

Maximum latent load
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heating coil

summer and winter condition

Winter, maximum latent load

P post,max = Maj(hy — hp) = ma; - cpau(0) — 0p)

Water side

Om = 70°C, AOp0 = (Om — 0,) ~ 10 K

(Dpost,MAX
CH2 O A9H2 0

my,0 =
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© outdoor air requirement for acceptable air quality for occupants,
depends on the number of people and activity.

@ air inlet condition 6,

© dilute the concentration of the air contaminants

© provide a desirable air velocity to avoid air stratification:

minimum outdoor air

ma; = Mext, min
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air inlet temperature

Peen = Mar - Cpau - (04— 0))
fa = |¢sen|
Cpau - A0
A0 < 20 K inverno
A < 10 K estate
ma; > max{Mmaj inverno, MAI estate }

.

to avoid stratification

Niavaggio > 3 volumi/ora
mAI > 07 34-3- Vlocale
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Multizone system

summer condition
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Multizone system

Winter condition
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Multizone system

Characteristics
@ inlet temperature is controlled

@ can deal with variable sensible loads

@ can be applied with uniform latent loads

@ must guarantee the external air for the most demanding zone

latent load effect

@j increasesif ®y ;> O medio

@; decreasesif @ ; < Py medio

Marco Manzan (UNITS - DIA) Air Conditioning Systems May 2026

Multizone system

external air

air flow rate required

mayj = maX{mrinn,min,j7 MA| inverno,js MAI estate,j m/avaggio,j}

ma; = E maj j
external air flow rate required

Rj _ mri.nn,min,j
mai j

R . . Myinn, tot
jomax — I\j tot — .
may

Myinn,tot = Rj,max maj

there is an increase in energy consumption because the

external air will be greater than the minimum necessary in
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Multizone system

dual-ducts system

® = . .
- » © Heating coil
BIC o 1
- [ D @ ;i@ @‘ ©) B @ Humidifier
AN, v
P N @ A I i i
- [ e ‘Z"@ o - T © Heating coll
A .
<l — ) : @ droplet eliminator
S | Q) — .
® © @ o, @ filters
FI_I» © recirculation
-
Marco Manzan (UNITS - DIA) Air Conditioning Systems May 2026 31/32

VAV Systems

@ Air flow changes with the load

@ if the load is reduced first the air flow
is reduced

@ possible use of variable speed
ventilators or using volume dampers

@ air flow is reduced up to 40
- \ @ a limit value of air flow is required for

the correct air distribution

@ when the load decreases the control is

—— Heating coil Air flow . - .
g obtained with the hot coil

@ in winter conditions the minimum air
flow can be used
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