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against heat transfer to or from its surroundings, and which contains an
exposed water surface. Alternatively, let the air pass through an insulated
air washer whose spray water is recirculated continuously without being
heated or cooled externally. In either case, when the apparatus has
reached equilibrium temperatures throughout, the water will have at-
tained a temperature (the temperature of adiabatic saturation) closely
approximating the initial wet-bulb temperature of the air, and the air
will have become saturated at the temperature of the water (or will have
approached saturation at that temperature as a limit, the degree of
saturation depending on the time and efficiency of contact of air and
water). )

Example 4. 1f air with a dry-bulb of 8 F and a wet-bulb of 70 F be saturated adia-
batically by spraying with recirculated water, what will be the final temperature and the
vapor content of the air?

Solution. The final temperature will be equal to the initial wet-bulb temperature or
70 F, and since the air is saturated at this temperature, from -Table 6, W = 0.01574 Ib
per pound of dry air. . ‘

The energy for evaporating moisture into the air comes only from the
air and its initially superheated vapor, which led Carrier to formulate the
following energy equation for adiabatic saturation:

Beg (We — W) = ¢p, (t — ) + cpW (¢ ~ #) @)
and using ¢p, = 0.24 and cp, = 0.45 - ‘
Big (Wo — W) = (0.24 + 045W) (¢ — ¢) 9
where

K'ig = latent heat of vaporization at {', Btu pei' pound.

(Wu ~ W) = increase in vapor associated with 1 Ib of dry air when it is saturated
adiabatically from an initial dry-bulb temperature, ¢, and an initial vapor content, W,
pounds. - R

Knowing any two of the three primary variables, ¢, ¢, or W, the third
may be found from this equation for any process of adiabatic saturation.

TOTAL HEAT AND ENTHALPY

The total heat of a mixture of dry air and water vapor was originally:

defined by W. H. Carrier as: .

2 = cp (¢ = O) + W kg + e ¢ — ¢ (10)
where : ' :
3 = total heat of the mixture, Btu per pound of dry air. -
Cpa = mean specific heat at constant pressure of dry air. ) -~
¢p, = mean specific heat at constant pressure of water vapor. :
¢ = dry-bulb temperature, degrees. Fahrenheit.
# = wet-bulb temperature, degrees Fahrenheit.
W = weight of water vapor mixed with each pound of ‘dry -air, pounds.
K = latent heat of vaporization at #, Btu per pound.
Since this definition holds for any mixture of dry air»and water vapor,
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the total heat of a mixture with a relative humidi
midity of 100
a temperature equal to the wet-bulb 'temperaturey(t') is: per cent and at

B =cp, (' ~ 0) + Wu kg CoQan

By equating Equation 10 to Equation 11, the e i i i i
saturation process, Equation 9a, follows. ’I‘hisq lcll?aﬁloorilgz::;t}; at(%ll:? a}ctl::c
adlal?atlc saturation process at approximately constant wet-bulb temper: :
ture is also approximately a process of constant fotal heat. In shortp tl?-
total heat of a mixture of dry air and water vapor is the same for an ,twe
?ltl?[t]gshgf ;:h::a mlxt}n’et at the sanflie wet-bulb temperature. Thisy fac(z

ishes onvenient means i i
B 2 e e of finding the fotal heat of an air-vapor

Enthalpy

This fotal heat of an air-vapor mixture is not equal to th
mixture, since the enthalpy of the liquid is notq includedeirex?]ggﬁgéé)tf t1}(1)e
With the meaning of enthalpy in agreement with present practice in other
branches of thermodynamics, the true enthalpy of a mixture of dry air and
water vapor (with O F as the datum for dry air, and the saturated liquid
at 32 F as the datum for the water vapor) is: am

B=cp (t~0)+ Why = 024 (f —
o o ¢ —0) + Wh, (12)

h = the enthalpy of the mixture, Btu per poimd of di‘}; air.
t = the dr).r-bulb temperature, degrees Fahrenheit.
W = the weight of vapor per pound of dry air, pounds.

hg = the enthalpy of the vapor in the mixture, Btu per pound.

The enthalpy of the water vapor in the mixture may b i

e f
charts or tables when the dry-bulb temperature and ¥he p::ltrilz?l glrzgi;g
of the vapor are known. Or, since the enthalpy of steam at low partial
pressures, whether superheated or saturated, depends only upon tempe
ture, the following empirical equation may be used: pera-

hs = 1059.2 4 045 ¢ (13)

Substituting thi i i
mioabstitu g s value of k in Equation 12, the enthalpy of the

k=024 ~0) + W (1059.2 + 0.45) (14)

Example 5. Find theenthal i i vi
py of an air-vapor mixture having a dry-
of 85 F and a wet-bulb, temperature of 70 F and a barometricg;'esrs}\;rl;ugf) ;%x':(:)pie;at#;e

Solution. From Equation 2b and Table 6,

<= 07337 — (290 — 0.7387) (85 ~ 70)
2800 — (1.3 X 70)

From Equation ba,

W = 002 . 0:5822
622 250~ 05522

From Equation 14, '

k= 0. ‘ |
(0.2‘§ X 85) + [0.01274 (1059.2 + 0.45 X 85)] = 34.38 Btu.per pound dry air.
: 23

= 0.05822.

= 0.01274.

/




