Chapter 2.5

Humidity measures
l.e. psychrometry



Using gas law for the perfect gases

* The pressure in the room is p=1.01325bar, if it
IS the standard sea level atmospheric pressure

* Given this total pressure, what is the partial
pressure of oxygen and nitrogen?

* pPV=mRT

* p=pressure, V=volume, m=mass, R=specific
gas constant, T=temperature

« Remember use Sl units

* p [N/m? i.e. kg-m-s2m==kg-m-s2], V [m3], m

kgl, R [J-kgtK?! = kg-m?s2kgtK1=m?s2K1], T

K]




To finish it off...

Do, = (8314/32)(293)m,/V
D\ = (8314/28)(293)m./V
Doo + P = 101325 Pa
my,/Mg, = 0.767/0.233

Divide second by first and substitute:
Do/ Po,=(32/28)(0.767/0.233)=3.76
Which strangely is the same as V,/V5,




Hygrometry (or Psychrometry)

Study of atmospheric air i.e. air and water vapour
mixtures.

This is relevant to air conditioning plant, and cooling
tower analysis.

The level of humidity is defined by 3 measures:
specific humidity
relative humidity

dew point



Step 2: Specific humidity, o:
The ratio of mass of water vapour to air in a given
volume, V.

", (Vapour)_ m/V_ v,
ma(air) ma/V Vs

)

The last step is due to m/V = 1/v, also m,/V = 1/v,



It is useful to define specific humidity in terms of
partial pressure. VWater vapour can be regarded
as an ideal gas when the partial pressure is below
about 20 kPa (corresponding to p, for 60C). If

both are treated as perfect gases, then:

Mg Ps . ”
pV =m R, T — = Where R is specific gas

V R ST constant (i.e. kJ/kgK)
and subscript is a=air,

m P s=vapour
PaV = maReT > =~ = RaaT :
. Rabs
hence R.p,



Since R, is 287 J/kg.K and R, is 461 J/kg.K and
P.imos = P, + P, , this equation becomes:

- 2877, - 0.622p;
4‘61(patmos o ps) Patmos — Ps

0,



Relative Humidity ¢

Ps Ppartial pressure of vapour in air

Pg Psaturation temperature from tables for water at air temperature

p, = partial pressure of water vapour — this
notation subscript only used in air conditioning —
otherwise subscript means saturation condition

p, = partial pressure of vapour if the mixture is
saturated at the temperature T of the mixture — this
notation only used for air conditioning.
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{°C] [bar] [m?/kg] [k¥/kg] [kJ/kg K]

001 0606112 2061 0* 25008 25008 of 9.155 - 9.155

1 0006566 1926 42 24983 25025 0015 9.113  9.128
2 0007054 1799 84 24959 25043 02 00

3 0007575 1682 126 24936 25062

4 0008129 1573 168 24913 25081

5 0.008719  147.1 210 24889 25099

6 0009346 1378 252 24866  2511.8

7 0.01001 1291 294 24843 25137

8 001072 1210 336 24819 - 25155

9 0.01147 1134 378 24796 25174

10 001227 1064 20 24772 25192

11 001312 99.90 462 24749 25211

12 001401 93.83 504 24725 25229

13 001497 8817 546 24702 25248

14 0.01597 82.89 58.8 2467.8 2526.6 HUMIDITY
15 001704 7791 629 24655 25284 88%

T6- 001817 73.38 671 24631 25302 .

17 0.01936 69.09 713 24608 25321

18 0.02063 65.08 755 24584 25339

19 0.02196 6134 797 24560 25357




