62 _ ' CHAPTER 3
temperature at this point of intersection is by definition the dew-point temperature
for state 1. ’ ’

Further cooling through successive equilibrium states is accompanied by condensa.

tion. The-succession of states for the total system, moist air and liquid water, ig
represented by a continuation of the W = W, line into the liquid vaporregion. (Tem-
peratures below 32 F would involve the solid-vapor rg%on). Consider that the fina}
temperature is ;. The final enthalpy is then &,; the liquid water formed is (W, -
W3), where Eoint 3 is at the intersection of the isotherm t. ough 2 and the saturation
curve; the final humidity ratio of the moist air is W3; and this final moist air hag
dew-point, wet-bulb and dry-bulb temperatures all equal to &. .

Ezample 4. How much heat must be removed from 20,000 ¢fm of air at 95 F
dry-bulb temperature and 0.50 degree of saturation to cool the air to 70 F, saturated?

Solution a. From the data of Table 2. The initial humidity ratio is 0.50(0.03763)
= 0.01837 Ib of water vapor ger Ib of dry air; the initial enthalpy is 22.827
+ 0.50(40.49) = 43.072 Btu per Ib of dry air; %e
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Fia. 8. COOLING 0F AIE AT CONETANT Pressure SHown ox AS.H.V.E.
PsycHROMETRIC CHART .

final temperature is 0.01582 1b of water.vapor per 1b of dry air; the quantity of liquid
formed is 0.01837 — 0.01582 = 0.00255 1b of water vapor per b of air; hw at 70
F is 38.11 Btu per Ib of water; the initial specific volume is 13.980 - 0.50(0.822) =
14.391 cu ft per 1b of dry air. o N
Fig. 9 illustrates the process diagrammatically. The energy equation for the
process is . : : [ .

Ghy = Ghy + G(W, — Wdhws + 105

e

or: 10s = Glhy — Ay — (Wi — Wy)hus)
. 20,000 .
= Jagg; X (48.072 — 3400 — 0.00255 X 38.07).

. - = 12,350 Btu per min. o o -
wt " Solufign b, . From the A.S.H.V.E, Chart. Two methods may be used to solve the
" . problem by uss of the’psychrometric’ chart. The simpler is to use the region to the
t ﬁaft of the saturation line.(Fig. 8). From point 1 draw a horizontal line on the chart
until it'intersecté the constant temperature line in the liquid-vapor region corre-
_%:mdi_ng to the final ‘temperature, 70 F. This is shown as point 2 on the diagram.
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. CaELe =Gy by) . . o
The initial enthalpy is 43 Btu per 1b of dry\air; the initial specific volume is 14.4-
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humidity ratio at saturation at the -

and the final enthalpy is 34.2 Btu per Ib of dry air. The solu-

cu ft per Ib of dry air;

¢ the problem i8

o = 200 (63 — 342) = 12,200 Btu per min. .
144 . . R .
The other method is to use an energy bdggce, o

s = G — hs — Bue(W1 — W)l

Ib of dry sir, and the final
bdgedd vﬁ)p%;%(:’ry aig. d'.xl:‘yherefore, the heat -

tion o

PR idity ratio is 0.0183 1b of
gfﬁ,:g,‘g,alr:;;mg 3%);58 1b of water vapor per

to be removed is

20,000
= B0 o @3 — 341 — 0.0025 X 38.07)
g =T X O

= 12,130 Btu per min.
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" Frg. 9. ILLUSTRATION OF PROCESS OF ExaMpLE 4

Adiabatic Mixing of Two Steady Flow Air Streams at Constant Pressure

is di in Fi lying the principles of the con--
h cess is di ed in Fig. 10. By app! 3 1 :
ser’sasigx:o of mass &ng'energy, three eq_uatlons may be written: .

Mass balance for the dry air, )
| : G+ G=G
Energy balance for the pr(;oess,‘ » -
‘ ' G + Gy = G
Mass balance -for thg, water vapor,
' , Gy + GaW, = G
Eliminating é. an-d:co:xixbining t.he three equations yield the-equation,

h‘l—hl‘-Wl-—‘Wlx:@ . - (34)

R hl_hléWl_W.l »G:.-.-i ) '

y { | ) ten , and ¢ ‘e of saturation

. ide air at 0 F dry-bulb temperature and 0.80 degree o

is'gzl?:l npﬁ;gd 'agiggsz:tﬁ::ﬁ;r with regrculated inside air at 70 F dry-ﬁ;:llz tenl:xpetx;alf;:)x‘:i
and 0.20 degree of saturation, in the ratio of one pound of dry airint eult'r er t fou
inthe latter. Find the temperature and degree of saturation in the res: ing mix oy .

"QSol'ution a. From the data of Table 2. The only -unknown properties are the
humidity ratio W, .and the .enthalpy &, ofrth‘e resulung' mlxture

‘determined from Equation-34. Thus,

“These may -be .




