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DRY-BULE TEMPERATURE ~ FANRENNEIT
fig. 6. ... Abridgment of ASHRAE Psychrometric Chart

for the total (including both i idi
for the talal G wt;d;n!g phases) mixture and the humidity
The ehaded solid-liquid vapor region pear the
of the chart covers mixtures which contain water :ZIJQUE::
phases, eolid, liquid, and vapor. The temperature is 32 F
Mughmw‘m: In passing through this region on a line
at constant humidity ratio, the change in enthalpy corre-
sponds ta the latent heat involved in converting the liquid
water to ice, or vice versa. The fraction of the horisontal dis-
tance between these boundaries, on a line of constant hu-
m:.dnty:nne._ tm: any given state point, represents the cor-
ading fractional ion bet Hiquid and solid.
It iz poesible %o obtain two values for the wet-bulb tem-
perature when this temperature is below 32 F. If the bulb
of a thermometer is dipped into water at a t

;1?, the ﬂtib.p}otﬁed on the ASHRAE Chart are for the condi-
on Wi i i ith i
the bulb of the thermametor, o T 100 00
USE OF TABLES 2 AND 3 AND THE ASHRAE
PSYCHROMETRIC CHART

Engineering analysis of ai ditioning probi i
‘ Iy selectod data, procedures, and techniques yield-
ing the desired , for the application under id

tion. The data and principles contained in this chapter offer

the advantage of th dynamie , With no limit

upon range of validity, for calculations correctly f lated
in terma of enthalpy and humidity ratio. With demonstra-
tion of‘ pr:ieﬁp);u the foremogt objective here, illustrative

slightly above 32 F and held in 8 stream of air whose
bulb temperature is b.elow 32 F, the temperature indie;ztd;
by the thermometer Wlﬂ drop rapidly and may reach a mins-
mum below 32 F. If this happens, ice will not be formed on
the bulb of the thermometer. After resching this minimum
tempemh‘xm,thermdingwﬂljumpbackwiﬂl’zmdmmﬁn
tbmunulthev;mberonthebulbisfmxen,merwhich it will
slowly drop again until equilibrium is reached. The final tem-
persture may be higher or lower than the first minimum read-
mg,ontmny‘bethezpmedependingondmunmmtofmoi&
ture present in the mixture. In the absence of reliable data
on the wet-bulb temperature over subeooled water, the chart,
below 32 F, has been drawn for the equilibrium condition, that

d to show typical applicati
the ASHRAE PsycaroMETRIC Cmmypnnd &‘;hcahhﬂamdhm a
properties,

In each of the following it is to be understood that the proc-
eages in quation.m‘xe place ‘st s constant pressure of 20.921

in. Hg, ie., ic

Ezample 1: Determine the enthal f moi i
drg-bulb temperature and 0.40 demg ‘;fou?ugréo;‘.r st 8F
olution a: From the data of Table 2, at 80 F, -
Btu per 1b of dry air and A,, = 24.47 Btu per l’bbt‘)f drlygﬁ'zrl
g‘ﬁf 3;“ tl;el gperc.fed qon%i;;;ans is 10.271 + 0.40(24.47) =
.| u per 1b of air..’ i i :
ligible for this conditl;ty)n. ) torm R (Equation 32) is ueg:
Solution b: From the ASHRAE Chart. Foll -
bulb line upward until it intersects the 0.20 ?i:gr‘:: :‘0 aF:tdux-

mgm;odynbmics

_ tion line. From this intersection, follow the line of constant
enthalpy to the enthalpy scale and read 23.0 Btu per lb of

ry air. (The is pot.intended to be read to 0.01 Btu.)
ple 2: D ine the th dynamic wet-bulb tem-
persture of moist air at the copditions of Ezample 1.

Solution a: From the data of Table 2. Applying Equation 8,
he = 29.01 Btu per Ib of dry air (Ezample 1). As a first approxi-
mation this is A*, the enthalpy at saturation at the thermo-
dynamic wet-bulb p which is, ¢ fore, app!
Tontely 63.5 F. W 54 63.5 F is 12.57 X 10-* Ib of water vapor per
Ib of dry sir, and W, is 0.02233 X 0.40 = 0.00893 ib of water
vapor per Ib of dry air. The enthalpy of liquid water at 635F
is gloﬁy tu per b water; i

B ; this is read from Table 2, which ap-
plies to liquid water in the presence of air st 1 atmosphere
ressure. &Ise of Table 3 is wrong here, becanse it gives data
for liquid water in eguilibrium with ssturated steam &t the
saturation pressure.) As a second approximstion, A* = 201 +
.01257 — 0.00893) (31.62) = 29.15 Btu per Ib of dry air. In-
terpolation in Table 2 gives as the final answer /* = 63.64 F.
Solution b: From the ASHRAE Chart. At the intersection
of the 80 F dry-bulb temperature line and the 0.40 degree of -
-gaturation line, read the thermodynamic wet-bulb temperature.
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Fig. 8. ... Solution of Example 3 on ASHRAE
Psychrometric Chart

the final specific volume is 14.85 cu ft per Ib of dry air. Substi-
tuting these values in the energy equation,

1gx = (20,000/14.65) X (30.8 — 6.65) = 32,850 Btu per min.

Cooling of Moist Air at Constant Pressure with
Condensation of Water

This is illustrated in Fig. 9 where moist air cooled from State
1 passes through successive states along the Line, W = W, ~
stant, until the ion line is & ted. The temp
ture at this point of intersection is by definition the dew-paint

temperature for State 1. ‘
Further cooling through successive equilibrium states is ac-
jed b; d ion, The i

Fig. 7 . ... Nlustration of Process of Example 3

Heating of Moist Air at Constant Pressure With-
out Addition of Moisture

Esomple $: Air initislly at 20 ¥, 0.50 degree of saturation,
is heated to 120 F. Find the rate of heat supply required to
process 20,000 cfm of heated air.

The process is diagrammatieally illustrated in Fig. 7. The
energy equation for the process is

Gihy + 192 = Gahs
" ge = Galhs ~ By)

Solution a: From the data of Table 2. The initial humidity
ratio, which is the same as the final humidity ratio, is 0.80
X {0.002152) = 0.001722 1b of water gagor per lb of dry sir;
the initial enthalpy is 4.804 + 0.80(2.302) = 6.648 Btu per ib
of dry air; the E of saturation is 0.001722/0.08149 =
0.02113; the fina} enthalpy is 28.841 -+ 0.02113(90.70) = 30.757
Btu per 1b of dry air; tie final volume is 14.611 4 0.02113
(1.905) = 14.651 cu £t per Ib of dry sir. The terms A and 5 (Equa-
tiona 31 and 32) have g:en neglected. Since 20,000 ¢fm of beated
airare tobe p d, the total ity of heat required per
minute is

1gs = (20,000/14.651) X 24.111 = 32,914 Biu per min.

Solution b: From the ASHRAE Chart. The procesa is repre-
sented by the horizontal live 1-2, Fig. 8. The tnitial enthalpy,
at 20 F dry-bulb temperature and 0.80 deEree of saturation, i3
6.65 Btu per Ib of dry air. Sioce the final bumidity ratio ia the

same as the initial bumidity ratio;, the ratio (A, —
{Ws — W,) = =. The horisontal line 1-2, Fig. 8, then repre-
sents the condition line for the process, and tbe final state of
the moist air must lie on this line. The final state is located at
the point st which the 120 F dry-bulb temperatuse line crosses
the condition line, and is labeled Point 2 on the figure. At this
condition the final enthalpy is 308 Btu per Ib of dry air and

P Y of states for the
total system, moist air, and liquid water, is represented by =
continuation of the W = W, line into the liquid-vapor region.

‘emperatures below 32 F would involve the solid-vapor re-
ginn.)ConﬁdertbAttheﬁndtempemtumisk.Theﬁnnl
enthalpy is then Ay ; the liquid water formed is (W, — Wy),
where Point 3 is at the i ion of the isoth hrough 2
and the saturation cuve; the final bumidity ratio of the moist
air is W; ; and this final moist air has dew-point, wet-bulb, and
dry-bulb temperatures all equal to & .

Ezample 4 How much beat must be removed from 20,000
cfm of air at 95 F dry-bulb temperature and 0.50 degree of -
saturation to cool the air to 70 F, aaturated?
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fig. 9....Cooling of Air ut Constant. Pressure Shown on
ASHRAE Psydwometric Chart




