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to points 1 and 2 so that ‘W; = W, and & = 4. Points 1 and 2, being on
a line of constant thermodynamic wet-bulb, satisfy Equation 20; thus,-

b= bt (W — W) by, = b — by

where %; has been subtracted from both sides. Under _Daltoh’s Law,
hy — hy = (Wz_— Wi) huy2; moreover, by —. ks may be replaced by 51
(ty — &) where s, is often referred to as mean humid heat and may be
calculated with good approximation from .

«

Finally, introducing latent héat of vaporization at the wet-bulb tempera-
ture, namely, (hsg)s = (ke — h.):, Equation 20 becomes, after omitting.

the subscript 2, ’

h—t g @)
We — Wi 5 . @2)

it being understood that W, is the saturation humidity ratio and g, the
latent heat, at the wet-bulb temperature . Equation 22 was derived
by Carrier [1]. .

Example 12. Work Example_ 10 using Equation 22.
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Solution. A trial-by-error method is involved. Taking 48 F as a; trial value of ¢,
(80 — 48) =+ (0.007072 — 0) = 4520; but 1066.7. + 0.240 = 4440. The trial value
must, therefore, be revised upward, the final solution being 48.26 F as in Example 10.

TYPICAL AIR CONDITIONING PROCESSES

Illustrative Examples. The use of Table 6 and the Mollier diagram in
analyzing typical air conditioning processes is best explained by the use
of illustrative examples. In each of these examples, the observed pressure
is assumed to be standard atmospheric pressure (29.921 in. Hg).

Example 13. Heating. Air at 20 F and 80 per cent saturation is to be heated to 120 F.
Analyze the process as illustrated in Fig: 3. ‘

Solution. The initial humidity ratio is 0.80 X 0.002144 = 0.001715 1b per pound A

dry air (table). This same-value is read directly on the chart. The initial-enthalpy is
4.798 + (0.80 X 2.290) = 6.630 Btu per pound dry air (table) or 4.915 + (1000 X
0.001715) = 6.630 (chart). )

The final degree of saturation is 0.001715 = 0.08093 = 0.0212 (table); hence the final
enthalpy is 28.80 + (0.0212 X 90.09) = 30.71 Btu per pound dry air (table) or 28.99 4
(1000 X 0.001715) = 30.71 (chart).

The increase in enthalpy is the quantity of heat to be supplied, namely, 30.71 — 6.63
= 24.08 Btu per pound dry air (table). Since humidity ratio W and therefore 1000 W
is constant, this is also simply the horizontal distance between the representative points
on the chart; thus, the heat to be supplied is also 28.99 — 4.915 = 24.08 Btu per pound
dry air {chart). : ’ ' ‘
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" The final volume is 14.60 + (0.0212 X 1.90) = 14.64 cu ft nd (tabl ); or direct
from the volume chart. Therefore, if 20,000 ¢fm of heatedp:il;pigu:o lge gu(;))ﬂg;g,“fl?;
quantity of heat required is (20,000 + 14.64) X 24.08 = 32,900 Btu per minute.

Example 14. Cooling and Separating. Air at 95 F and 50 per cent turation i
cooled to 70 F and the liquid separated out. Analyze the procgzs as shf:;v:rii i?xr;lit ? be

Solution. The initial humidity ratio is 0.50 X 0.03652 = 0.01826 (table). The initial
enthalpy is 22.80 + (0.50 X 40.25) = 42.93 Btu d dry ai ) i
(1000 X 0.01826) = 42.93 (chart). per pound dry air (1able) or 24.67 +

The final state is in the two-phase region and consists of 0.01574 Ib water
%l;ly atlixr lln t}ga1 \iapqr fgasef ar;:i; 860035(20%)032156 pei pound dry air in the liqgfé gﬁ::ed

e final enthalpy is therefor 33.96 - 00252 X 38.0) = 34.06 Bt i
(table) or 15.80 + (1000 X 0.01826) = 34.06 (chart). ) o per pOl{nd dry air
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The decrease of enthalpy is the refrigeration to be Asupplied and is 42.93 — 34.06

= 8.87 Btu per pound dry air (table). Since the weight of water per pound of dry air is

constant, this is also the horizontal distance between th tati i
Cha’;;, namely, 24.67 — 15.80 = 8.87 Btu per pound dry :i:e che::tg. e points on the
e initial volume is 13.97 + (0.50 X 0.82) = 14.38 cu ft d (table); i
fl‘?l’l_l the volume chart. Therefore, if 20,000 ¢fm of inil::ia] r;e; 1:;)1;1; b(e r};:():g:;g lrteg
::a?geratnonv required is (20,000 X 8.87 ) = (14.38 X 200) = 61.7 tons. The weigilt of
er to be removed is (20,000 X 0.00252) -+ 14.38 = 3.51 Ib per minute.

Example 16. Adiabatic Saturation with Recirculated S ' '
R diabe ay Water. Air at 75 F
Per cent saturation is saturated adiabatically with sprap; w)r'ater which i: ?ecziula?ex:ic!

Find th i i
Outlinedei;e%ui]gt,l%g, temperature and the welght. pf water added per pound of dry air as

Solution. The recircu]ateci water -will a;s i
? i C 2 t ume the thermodynamic wet-bulb t -
:il;ft of thgr entering air which will also be the temperature );f the resulting s:tmuge::d
e ure. 4 he humidity ratio of the entering air is 0.60 X 0.01873 = 0.01124 Ib water
pounc dry air (table); its enthalpy is 17.99 + (0.60 X 20.47) = 30.27 Btu per pound




