30 CHAPTER 3

Tables 3 and 4 show properties of water for temperatyres

above 212 F. These tables were abstracted from the stearn”
tables of Keenan and Keyes.*

DEGREE OF SATURATION AND iTS USE ..'.
IN CALCULATIONS

At given values of temperature and pressure, the humidity,
ratio W of moist air may have any value between sero (dry,

air) and W, (moist air at saturation). For convenience, a pa- , .
iom te introdseed three b

rameter g called degree of is
use of Equation 1.

the
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“To a degree of approximation within the estimated uncer-
tainty of data in Table 1, at temperatures below about 150 F,
the volume v of moist air fer pound of dry air may be com-
puted by Equation 2. . . -
T L @'
Té" obtain arable securacy. at ératures above’
about 150 F, it is necessary to add a correction term ¢ ag.
follows: .
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At ténpe;stu:ésbelow 150 F, the enthalpy A of moist air
per pound of dry air may be computed by Equation 4.
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To obtain ¢y ‘at ten t.""‘.‘"‘f

. about 150 F, it is y to add a term & as

follows: .~ - - P .- T
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: Unfortunately, values of entropy s of moist air per ‘pound.

of dry air coputed b.the relation ~ - - ST

L BRSO SO . 7((5)
" do not approximate the. true values as closely -as might bé
desired-except at temperatures -considerably below 150 F.-
Only a small portion of the error is compensated for by the”
. correction tefm ; A e E
St - #(l.= @)C | . iy .
i tTE 1.8078 oW, L (7_),{
The larger portion of the deviation arises f;_o:m the mmna
entropy. It can be expressed as an-additional correctionterm-
as'follows: ~ . e BT
T = 0.15679 [gl + 1.6078 uxW,) logis o
T-(U + 16078 s W, — 16078 W, logie )

s

= #(1 + 1.6078 W.) logse (1 +71.6078 W.)] - - (Bi
; Table 5 shows values of the coefficients 4, B, and C.in’
Equations 3, 5, and 7- ively and

i values of
thecorrection terms 8, %, 3, and ¥. :- .o

" THERMODYNAMIC WET-BULB TEMPERATURE " ’
For any state of moist air, there exists a ¢ fat
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ration ab the lempstature &%; the isi d from a
given initial value 4 to the value A,* cotresponding to satura-
tion at the temperature ¢*; the weight of water added per
- pound of dry air is (W,* — W) which adds energy to the moist
air of amount.(W,* — W)h,*, where h,* denotes the specific
enthalpy of the water added at the temperature £*. Therefore,
if the process is strictly adiabatic, conservation of encrgy
\ requires that: .: g e
- B+ (W = Wik = b @
" The properties W,%, 4,*, and &,* are functions only of the
tempersture £° for a fived value of pressure. The value of t*
" which satisfies Equation 9 for given values of A and W is
called ghermod; ic wet-bulb

The psy is & device isting’ of twéthermnn;_e-
ters, one of which has its'bulb covered with »"suitable Wick
that has been thoroughly wetted with water: When the wet:'
bulb is placed in an air gtream; water may evaporate fro the'

wick. The equilibrium temperatare tually hed b

water is called the wet-bulb temperature: This proo:
the same as one of adisbatic saturation’ which defin
thermodynamic ‘wet-bulb témperature; bt rath
simultaneous heat and mass transfer from the we T
fundamental mechanism of this process iy described in'Chap-
ter 5, Muss Transfer. Fortunately, and indeed fortuitously,
the corrections to be applied to reading of a wet-bulb thér-
mormneter to obtain the thérmodyramié wet-bulbs temperatire’
are usually quite small’ Ariold® has praseited & procedure’
which allows calculation of these cor tions: © .

Ezmple 1: Find the dégre of saturation, humidity. ratio,
enthalpy; and volume of moist sir at 90 F dry-bulb temperatire,
6 F d: wet-bilb e, and 20.921 in."Hg

ressure.

Solution: From Equations 1; 4, and.9. ' *. >4 a

(e + b £1F2 = kIR = b
Inserting numerical data from Table 1 gives: - *
(21.625 + 34.31u) (0.01235 — 0.03118‘1)(31.12’3
and .o A . g

B - 0.1967

FmtﬁE};u.s-ﬁonll o
T o= (0.1967)(0.03115)- ='0.006133 1b.water/lb
From Equation 4 R
A = 21.625 + (0.1967)(34.31) = 28.37 Btu/Ib dry air.
From Equsation 2 e e T e
¥ = 13.853 + (0.1967)(0.692) '= 13:989 et F£/1b, diy air,
, . PERFECT GAS RELATIONS - °
"Tables 1 and 5, with Ex 109, allow ate cal-:
culations of moist air properties where seadevel pressure may-
be assumed. The equations of Goff and Gratch may-be used
to_calculate tables similar to Table 1.for any .pressure, but:
a8 yet such tables are not available: Fortunately, only slight.
errors oceur when Dalton’s Rule and perfect-gas. relations
are applied whers normal barometric pressures exist. : . i
According to Dalton’s Rule, if dry air and-water waporare,
mixed, each occupies the whole volume of the container af, the:

dry-

i

i

which liquid (or solid) water may be evaporated-into the air
to bring it to saturation st exactly this same temperature,
Fig. 8 may be used 8s a schematic representation of the
adiabatic saturation -process where the leaving air is satu-
rated and is at &’ temperature equal to that of the injected
water. In’the process, the humidity ratio js increased from a’
given initial value W to the valué W,* corresponding 6 satu-;

PN

[’ .of the mi , and.the of the mixt
is the sum of the individual pressures. Assuming :that both
dry air and water vapor behave like perfect gases, the volume
or occupied by n. mols of dry air at temperature:7-and pres..
sure p, is: - R I

nRT - Lt
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* Compiled by Jobn A. Goff aud 5. Grateh.
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