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11.500 = 2588.4 1b per hour. This ventilating air is to be mixed adiabatically with
inside air containing 7029.9 — 2588.4 = 4441.5 Ib of dry air per hour; therefore, the
humidity ratio of the mixture must be (2588.4 X 0.0006298 + 44415 X 0.007910) +
7029.9 = 0.005229. ’

The condition line crosses the saturation curve at 50.86 F where the enthalpy is
20.782 and the humidity ratio is 0.007910. _ This is the state point to be reachedy by
adiabatic saturation of the mixture of ventilating air and inside air with recirculated.
spray water. Accordingly, the state point of the mixture must lie on the 50.86 F
tgermodynamic wet-bulb line 50 that its enthalpy must have the value,

h = 20.782 — (0.007910 — 0.005229) X 18.97 = 20.731 .
This requires that the enthalpy of the preheated ventilaling air have the value, -
h = (7029.9 X 20.731 ~ 44415 X 25.451) + 2588.4 = 12.632

Since the humidity ratio of the prehested ventilating air is known to be 0.0006298, its

Thermodynamics _

s re not be expected to occur in' practice. The
b antlt:hi?;ucll%egh:ﬁz&mes occurxg.ppears to be indirect and incon-
evidence Stable equilibrium requires that the water freeze at 32F or
clustve. d is the condition to be expected in practice. On the Goff Diagram
lower an 1sf constant thermodynamic wet-bulb temperature have been
the lines © quilibrium only. In other words it has been assumed

gﬁzzmthfeorwftaé?%:aporating from the wick of the wet-bulb- thermometer

freezes when its temperature falls to 32 F or lower. _
Ezample 15. Find thé temperature at which dry air has a thermodynamic wet-
bulb temperature of 32 4 that the wator ovaporating from the wick o

b .g)o?l‘xteiorgl;mlétg 2$:i‘£liquid, the specific enthalpy of the dry air must have the
1 f .

r : alue )
temperature is readily found to be 49.75 F. ; v 11758 — 0.04 X 0.003788 = 11758
Th tity of heat required for preheating th ] =11
e quantity ol heat required for preheating the ventilating air is 2588.4 X ! . is48.95F. On the other hand if it is assumed
(12.632 — 0.668) = 30,968 Btu per hour; tl?at to be added to the supply air is 7029.9 ; . nding to which the temperature is 48.95 F. ' : dowy
(33.986 — 20.782) = 2,823 Btu per hour; the energy added withzgug sa ;ay water ﬁ { ‘{ﬁ;ﬁﬁg water freezes, the specific enthalpy of the dry air must have the value
7029.9 X 18.97 X (0.007910 — 0.005229) = 357 Btu per hour; that introduced into the | he = 11.758 + 143.36'X 0.003788 = 12.301
‘ i i ion is the
! i ich the temperature is 51.21 F. The second assumption is #
ABFAF«2588:7030 ' e -.' } ﬁg;ﬁﬁf,zﬂimff t:t;{)lll;cequilibrium and should be expected to represent the'actnal
! N N
) ‘ i i situation. .. . . X Lo Goff Diagram
' { i , namely 51.21 F, is the one given by the G Ve
/1 i ) i at ?n%grgggﬁgo&dég%‘&gﬁgxodynamic wet-bulb and 0 per cent saturation. .
T /1 of - . DALTON’S RULE o
' 3 g vted i i ion the thermodynamic properties of moist air
1 i . As stated in the introduction the ! }
® ' 5 9 i haeg hitherto been obtained from those of dry air and water vapor seplz:-
I ot ey rately by application of Dalton’s Rule. Actual departures from the
NN S Sl rule are due principally, but not entirely, to intermolecular forces; there-
AV { / “fore, in order to apply the rule with any measure of consistency it is neces-
& | ; | to. idealize the situation by assuming that the effects of such
v " ' Tntormol igible and that both the dry air and the
§ 7 ‘ intermolecular forces are negligible and that bo ) air
'h-"rm. ' i’ X | 1vIrrla,ter vapor behave like perfect gases. Making- this assumption, the
of 3 N : [ o volume vt occupied by 7. mols of dry air at temperature T and pressureh
' \ h-iooow . o ; pa is vr = nRT/p, while that occupied by 7w mols of water Xapor at ttg
F1e.11. ILLUsTRATION OF Usk o Gorr DrAGRAM IN SOLUTION OF ExampLE 14 same temperature but at pressure pe is vr = naRT/Pa. clciordmg_
‘ : . Dalton’s Rule, if the dry air and water vapor are mixed, eac OCCl‘li}?ﬁS
ystem with the ventilating air is 2588.4 X 0.668 = 1729 Btu per hour; that carried out. the whole volume of the mixture at the temperature of the mixture, and the

of the system with the tnside air displaced by the ventilating air is 2588.4 X 25.451 =
65,877 Btu per hour; therefore, the net energy added to the system is 30,968 -+
92,823 + 357 + 1729 —-65,877 = 60,000 Btu per Rour as required. n
On the Goff Diagram, Fig. 11, point A is the state point of the inside air. The
condition line is horizontal so that point D is the state point of the supply air. The -
condition line crosses the saturation curve at point C so that the state point of the
mixture of J)reheated ventilating air and inside air before adiabatic saturation with
recirculated spray water must lie somewhere on the thermodynamie wet-bulb line
through C. The state point of the ventilating air is point B, hence that of the pre- -
heated ventilating air must lie somewhere on the horizontal line through B. Itsexact .
location is determined graphically by finding the gtraight line AF which is cut by the
thermodynamic wet-bulb line through C-into two segments such that AE:AF =
2588.4:7029.9. The length of the line BF is the quantity of heat required for pré-
heating the ventilating air per pound of dry air; the length of the line CD is the °
quantity of heat to be added to the supply air, per pound of dry air.

WET-BULB TEMPERATURES'BELOW 32F

A condition in which the water evaporating from the wick ofvaw.'et-b'x:;lb :
thermometer remains liquid at 32 F or-lower is one of metastable equi-- - -

pressure of the mixture is the sum of the individual pressures. Mathg— ]
matically, _ -

_ BT _ neRT _ (n, + nw)RT , a2
‘ ' P

jons. ] f each
It follows from these equations that the so-called partial pressure o :
constituent is its mol-fraction times the observed pressure of the mixture;

thus, for water vapor,
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and similarly for dry air. Equation 13 may be regarded as the

Rule, defmiggon of partial pressure in terms of theT observable terms n,,

Tory P. ‘ L . dla
The humidity ratio W is the mol ratio n./n, times the ratio of molecular
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