What is humidification?
Humidification is the process of adding water vapour to the air.

Air: Air is a mixture of gases. It is normally colourless, invisible and odourless. The mixture consists of
nitrogen (78%) and oxygen (21%) and other gases (1%), it also contains water vapour and is variable.

Water is the only component of air that can easily and naturally change phase: liquid, solid and gaseous.
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In psychrometry, we also consider that air has two types of energy: sensible & latent energy.

Sensible energy: the supply of sensible energy to the air increases

i Dry bulb thermometer
its temperature and can be measured by a dry bulb thermometer. ﬂ
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Latent energy: corresponds to the quantity of water in the air. We
also remind you that water is the only element in the air able to
change phase. Water vapour in the air is a sensible form of energy
storage, measurable by a wet and dry bulb thermometer. Adding
steam directly to air does not change its temperature.

Dry & wet
bulb thermometer

Total air energy (enthalpy) = sensible energy + latent energy



There are two types of humidification: isothermal & adiabatic

ISOTHERMAL

(or steam injection)

from Greek toog (iso)
which means «equal»

=+ done at the same temperature

It is a humidification which is done by
direct supply of steam from boiling water.
Technically the air does not undergo
any temperature variation (if there is no
condensation factor of the water vapour).

The sensible energy has been theoretically kept
equal, while the latent energy has increased,
so the total energy of the air has increased.

In this process the air is passive, the
supply of steam is forced (until saturation or
even condensation), the air does not lose
energy, on the contrary, it gains energy.
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Steam is produced by boiling, caused by the
direct supply of energy to a volume of water.

ADIABATIC
(or evaporation)

from Greek adiaBatog (adiabatos)
which means «impassable»

= done without total energy loss or gain

[t is a humidification which is done by
evaporating the free water surface, by supplying
sensible energy from the air.

The air is cooled and humidified: it has lost
sensible energy and gained latent energy, the
total energy has remained equal.

In this process, the air is active and exchanges its
sensible energy with the water (usually saturation
is never reached unless there is an aftercooling).

Steam is produced at the free surface of the
water by the supply of sensible energy from the
air.



Humidification on psychrometric diagram

STEAM INJECTION HUMIDIFICATION
Example 1

Fresh air conditions: T A
i
Tdb =20°C / x =1g/kg / Twb = 7°C s
e . Y-
Humidification setpoint: B
PR e
Tdb =20°C/x =9 g/kg / Twb = 15.3°C 3 :;1'
Steam injection humidification (isothermal) _ o
follows the dry bulb temperature line on the R ;g-
diagram. ‘ff N
g : 2m§— s
SIS
i N
il
- E:?—:{Jg
o a8 :.“
& il
g AN IR = ¥ ) G &
& A ¥ ; 5 7 < Tl
§ RAPAN > ) Y u Sl
& 0 AFREL W VN (RN
I A =4 Il £ Lt i o
£ AN v 1 VAN, ST
/f([ N jirk( Db WRCTva N + v
AN EANLR \ A H(0g/kg )
w AR 14 1% PR A | INLF
A 3 NP I SCT TR y % @
/ ZANP. \ PN T i P
¥ AT SR A ) I N
o bd” i 'IAJ e 2E N M 11 1 i\ g
LR A L \l el A\RLAT |+ Al T
L M S| | ANEsIRES 5 DL e = H
< SPSE Y =S | S RN Laes) o I
i SENE AR I 1 ] TR " ) [Tt
R =21 N N = N DA \ =T
] =Sy SE ST B R R
5 <RI EPEE Ferl e Tt ISR NELY e N e
A ] NS a Y E AN BNNRE= NN Y EimA NE*
S S NESm NN NN AN W o RCRL ¢
; S N SR S N S ! L N (1 g/kg)
Lo~ FSe g B e [Tk I~ ~ T 1) 1} '
Ssssa RNCRNRC NN TR OIS N ST I NN 3
-23 -0 13 -1 A n i) 0 15 n il = B 40 &5 0 55
DRY BULB TEMFERATURE - "C
20°C

EVAPORATIVE HUMIDIFICATION
Example 2
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Humidification : calculate humidity intake

In order to calculate this amount, we need to know the air flow rate and its humidity ratio variation.
The formula to be used is the following:
W (kg/h) = Q (m3/h) & 1.2 (kg/m3) & Ax (g/kg) / 1000
W = Amount of humidity added or removed from the air
Q = Air flow rate
Ax = Humidity ratio variation
Case Study :

Calculation of humidity ratio variation :

For the example 1 from Tdb = 20°C / x =1g/kg to Tdb =20 °C / x =9 g/kg
Ax =9-1=8 g/kg

For the example 2 from Tdb =40°C / x =1g/kg to Tdb = 20°C / x =9 g/kg
Ax =9-1=8 g/kg

If we take an air flow rate =10 000 m*/ h, for both examples, the humidity supply is therefore:
W =10 000 x 1.2 x (9-1) / 1000 = 96 kg/h

Isothermal or adiabatic humidification ?

This choice depends on the energy sources available, their cost and environmental impact.

ARMSTRONG UNIVERSITY.
Knowledge Not Shared is Energy Wasted.”



Through the design, manufacture and application of humidification equipment, Armstrong has
pioneered countless savings in energy, time and money. Armstrong University courses will help you
better understand HVAC components.

For more information, we especially recommend :

https://store.armstronginternational.com/pro-
duct?catalog=evaporative-pad-adiabatic-humidi-
fiers-M2181

https://store.armstronginternational.com/ Humidihéation
product?catalog=fundamentals-of-humidifica-

tion-M2049

https://store.armstronginternational.com/produc- g
t?catalog=psychrometrics-M2157

https://store.armstronginternational.com/produc-
t?catalog=hydro-pneumatic-humidifiers-M2058

https://store.armstronginternational.com/produc-
t?catalog=pressurized-steam-humidifiers-M2134

Absarption
Distance

https://store.armstronginternational.com/produc- [ —

t?catalog=absorption-distance-M2135

https://store.armstronginternational.com/produc-
t?catalog=electrode-steam-humidifiers-M2054

https://store.armstronginternational.com/produc-
t?catalog=resistive-heating-element-steam-humi-
difiers-M2055
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