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gas is heated or cooled at constant pressure, the volume V varies as the
absolute temperature 7. Stated mathematically, . o

P -~
7= constant {volume constant) - _ ) (10)

. iﬁ'con'stnnt_, * (pressure constant) : © (1)

of state for the ideal or perfect gas, : ,
‘ PV = RT o a2

Boyle’s Law and Charles’ Law may be combined to form the equation

where

- R is a constant whose value'depends on the units selected for P,V,and T.

Dalton’s Rule. Dalton stated that each gas in a mixture occupies
the total volume of the mixture just as though the other gases were not
present. Gibbs later expanded this statement for perfect gases into the
following principles: S S

1. The pressire of a mixture of gases is the sum of the partial pressures of the in-

dividual gases when they exist at the total volume and temperature of the mixture..

2. The internal energy, enthalpy, and entropgr of a mixture of gases are respec-
tively equal to the sums of the individual internal energies, enthalpies, and entropies
of the components when they exist at the total volume and temperature of the mix-
ture. - : .

While these relationships do not hold exactly for all systems of real
gases, they may be used with a good'degree of precision for many engineer-
ing applications at low pressures. Moreover, since water vapor very

closely follows the perfect-gas relationships ini-the range usually encountered -

in air conditioning, the Gibbs-Dalton Rule may frequently be applied to
mixtures of dry air and water vapor.

Thus,
Vao=Va=Vys : (13)
Ta=To=Te , (14)
Pm = Pa + P - ] . (15)
. Mush = maha + muha o ae
where B ’ '
Subsctript m dénotes mixtmé; subscript a_denotes dry air; subscript w denotes

. water vapor. . - L
Symbol m = weight of dry air crossing any duct section, pounds per minute.

Using Equations 12, 13, 14, and 15, the relation is obtained as follows:
' nRT _ MeRT  (ne 4+ n)RT

Vp =

an

where
»1 = total volume, cubic feet.
n. = number of mols of dry air.
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nw'=. number of mols of water vapor. . I
R = universal gas constant, 1545 foot-pounds per (Fahrenheit d.egree)T(n-x’bl).:
P» = partial pressure of dry air. . . .
. pw = partial pressut;é of water ‘vapor. T,
) ure, Fahrenheit degrees.: - o

ter vapor in the mixture is then
. _ ne ) ) S L o
e S e

or, the partial pressure of the water vapor in moi'_st: airis e_un to the product
mixture. A similar expression is obtained for the dry air. . .
Assuming that the perfect gas laws can be: appli . vapor:
: . -applied to water vapor ‘at
saturation at low pressures, the. partial pressure of i i
raled mixture may be written as p; s ._:,‘ov‘watelf. va.pqr_u_x & salu:-

- of -the mol fraction of the water vapor and the observed pressure of the

) ne - L . B R . L.

p. = . . . )
N+ 1, p_A o s

where e
7, = number of mols of water ‘vapor >at’,-satpratiox;. :

The relative humidity may be obtained by cdmbining~'Eqi;atibx;s:18‘énd

19 and solving for the ratio of mol fractions. ~ Thus, using perfect gas

. Telationships,

e : : o
¢ == -
| " R (20)
The humidity ratio W may be obtained from Equation 17:

: 18.016 pw e L
W= P :
28966 2 0622 p— . - (21)

where 18.016 ' igh ' i

respoctionn a_n.d 28.966 are -t'he. mo?eculaf we?gl?ts of “vivat’er: xind: dry air,
Equation 16 may be rewritten as T »

_ Ch=hA Whe gy

where B |

h = enthalpy, Btu per pound of dry air, -

In relating the enthal ist air, the fac .
. Tela nthalpy to the state of the moist air, the fact that i
:5g(lzgztlonfs only differences in enthalpy are involved, allows the é?bi’lcl:aarg
o relalt]io(:n sﬁi dsat}txr_n or zero enthalpy point. - Accordingly, from perfect
greator oo OpF, 1t 15 possible to write for any temperature of 7_!, Fahre_nh_‘ei_’g
. , ha =024 ¢ )
Where it is assumed that the s i Fi

L ] t ame arbitrary datum of 0 F i

etermining the properties of moist air in Table 2. 1As used. a3 in

Tabs of Thermodynamic Properties of Moist Air

Research work ¢ o ored .
. —\Esea onducted at the.Unsyersit P ania and-at oth
in . ¢ y of Pennsylvania and-at ot
esgt;zlé;logs has sliown that the Gibbs-Dalton Rule isnfrilaccurate in vax?y?:é
» depending on temperature, pressure and the ‘amount of Wwater




