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Fig. 15 . .. . Moisture Added and Temperature Change

Bolution a: From the data of Table 2. As previously sta
final of the mixture will be the thermt s

wet-bulb tempersture st the initisl state. This must Aret b
flctarmined b{m '.hf me_l‘l!od of Ezample 8, and is 85.51 F. At this

2 ratio py at
aaturation are 0.01350 and 30.45, respectivel m’l‘hn umi :y
ratio ai‘the initial state is 0.60(Q.01882) = 03)!29; the initial
enthalpy is 0.60(20.59) + 18.018 = 30.372, n ecting h, The
ﬁ)exgbt);l‘ v;atcr nddefh is the;elf]ore 2&350 - 0.01129 = 0.00221
. o air; the ent| is 30.45 — =

O,O%JBN peg)l’{ of dry air. g 188 1 8045 ~ 30372

+. Solution b: From the ASHRAE Chart. Since the initi

final states have the same th d 3 u:f:t—b:ll’:mh!‘ and

ture, the results may be read directly from the chart.

Addition of Heat and Water Vapor to an Air
Stream in Steady Flow

Fig. 16 is a schematic representetion of s Bystem g i
8t constant pressure, . perativg

. An energy balance for the system gives
G+ 1g1 + Liher = Gz + Lnhus 1)

whare

G: = rate of flow of dry air, pounds per minute.
G, = rate of evaporation of the water, pounds per minute.
ha = enthalpy of the liquid water entering, Btu per pound.
L = flow rate of liquid water.

¢ = rate of heat addition, Btu per minute.

A mass balance gives:
For air,  Flow rate = Gs = inflow rate = outflow rate
0 . @
2
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Fig. 16 .. .. lustration of Addition of Heot and Water
Vapor to an Air Stream in Steady Flow
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For water, GiWy 4 Ly = QW + I
ON: T - -
i o WG = Lo = L
31‘{:“75:&‘1:. . QW — W) =G, “2)
A TE"R‘] The conditicn line for this process has a slope which can be
w det d froma bination of Equations 41 and 42. Thus,
b= b L — Lok @
Wy — W, I -1
w Ii the water enters and leaves st the same temperature,
' N Au; = har, and Equation 43 becomes
N .
b g
w-wm-ath @

L, =90, that is, if all of the water entering is carried
away as water vapor, this also leads to Equation 44.

Ezample 3: Moist air st 20 F dﬁy—bulb temperaturs and 0.80
deg;e of saturation is heated and humidified until it is a¢ 120
¥ -bulb temperature and 71.5 F thermodynamic wet-bulb
tex Water is lied at 55 F at a rate of 10 1b per
min, and the excess water leaves at 65 F. The sir flow rate is
20,000 cfm measured st the initial conditinos. Find the re-
quired rate of heat addition and the rate of water evaporation.

Solulion a: Using the data of Table 2. The initial humidity
ratio is Wy = 0.80 (0.002152) = 0.001722; the initial enthalpy
is by = 4804 4 0.80 (2.302) = 6.646, neglecting &; the initial
specific volume is vy = 12.08¢ + 0.80 (0.042) -uf%,m, negleeti
i. Ths degree of saturation at the final state s is compu
from Equation 8, which may be written in the form

. bt B b bW 4 salhen — ha'Woa) = bt
| The properties are: h,* = 35.39, W;* = 0.01668, h® == 30.61
Bua = 90.10, W0 = 0.08149, hey = 38,84 The term’hy 1o obtasnnd
in two steps: (1) solve for py i = 0,(2) A
from ps thus determined and sce if the correction is warranted.
The- step yields p» <= 0.0681. Then, -
[ #l ~ 2B _ ___00681(09319)0.1050

1+16078 Wasa 1 + 1.6078(0.08149)(0.0681)

= 0.0066 Bta per Ib.

This correction amounts to 0.01 in the second decimal place
ghie% ES not appreciable for most purposes), whereby f,, +

A second value of 4; now is ét;mpubed. but the eon.eetion is
g0 small that there is no numerical infiuence. Hence,. 5y =
0.0881 remains valid. .

The final bumidity ratio is Wy ~ 0.0681 (0.08149) = 0.005540.

The final enthalpy is b2 = 28.84 -+ 0.01 + 0.0581 (90.70) = 35.03
Btu/ib dry air.

The air rate is Gq = 20,000 + 12.12 = 1650 1b dry air per min.
The rate of water evaporstion is found from Equation 42.
G!. = Go(Ws ~ W) = 1650(0.005549 — 0.001722)
= 8.32 Ib per min
The rate of water discharge is
Li = Iy — G, = 3.68 1b per mig

The liquid water enthalpies are taken from Table 2 as Aey =
23.12, hur = 33.11 Btu per ib. This uss of Table 2 assumes that
the water enters and leaves the apparatus in contact with air
at a pressure of 1 atmosphere.

ro.The rae of beat supply is obtsined from Equation 41 in the
orm )

s = Gihs ~ b)) + Lahys — Liba
= 1650(35.03 — 6.648) + 3.68(33.11) ~ 10(33.12)
= 46,730 Btu/min
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Fig. 17 .. .. Solution of Example 8 on ASHRAE
Psychrometric Char?

Solution b: From the ASHRAE Chart. Locate the initial and
final states on the chart and connect them with s straight lize,
which is the condition line of the process (Fig. 17). On the
chart protractor draw a line parallel to the condition line, and

.read the ratio (hs ~ B,)/(Wy — W) = 7500. Equation 43 then

comes .

h— by 101+ I ~ Labug
W Tw " TRy A)

‘The water evaporation rate, Iy — L: = G. , is computed, as
before, from Equation 42 and the humidity ratios are read
from the chart. This yields Gv = 6.27 Ib/min. With I, [a,
hut , By all blish the itude of Q puted from

{he above equation in the form

190 = 7500(Ly — Ln) ~ Lihar + Lahur
= 7500(6.27) — 10{23.1) + 3.68(33.1)
= 46,900 Btu/min

The difference between this result and the
due to the limitation in number of significant
be obtained in bical read

U..S. STANDARD ATMOSPHERE

' The definition of the U. 8. Standard Atmosphere is im-
poriant to the air-conditioning engineer as an essential stand-
ard of ref The basic ions in defining the Stand-
ard Atmosphere are:

1. There ig a linear decrease in temperature T’ with altitude
;gw the lower limit of the isolberm;ﬁtmoaphere at 35,332 1t.
us,

revious one is
res that cao

7 =T, - 0003566 2 5y

2. The air is dry. . .
3. Airis a perfect gas obeying the laws of Charles and Boyle:

PV = RT
at all altitudes with the dard

4. Gravity is
value.

5. The of the isoth 1 phere is 68 F,
Btandard values at sea level, which are part of the definition
of the Btandard Atmosphere, are:

20.921 in. Hg
Temperature 58 F
Abeoﬁrw Temperature, 51867 F

abs
Gravity 32,1740 &4 per (sec) (sec)
nsity 0.078505 1b per cu {4

Preasure

" N = enthalpy of fluid, Btu per pound.

35

Table 7 . ... Pressure and Temperature for Altitudes in U, S, -
Standard Atmasphere

Alfitude Foet Prasave in, of Hg Temp F
z [ t

—1,000 31.02 +62.6

—500 30.47 +60.8

29.921 +59.0

-+500 29.38 +57.2

+1,000 28.86 . +55.4

5, 000 24.89 +41.2

_'iO,lXI) 20.58 +23.¢4

15,000 16.88 +5.5

20,000 13.75 ~12.3

25,000 11.10 -~30.1

30,000 8.88 —~47.9

35,000 7.04 —85.8

40,000 §.54 —67.0

45,000 4.36 —67.0

50,000 3.436 —67.0
Values of pressure and temperature are listed in Table 7
for altitudes & standard here from —1000 to

in the
50,000 {t above sea level. For further explanation, References
12 and 13 should be consulted.

Aj diti frequently use s standard air
density, at 1 atmosphere pressure, of 0.075 Ih/cu lt: From Ta~
ble 2, this is represented by dry air et 69.4 F. thmg further
that the density being employed here is in b miziure per cu

f1, the density of 0.075 also corresponds to variously humid

sir 3% higher temperatures than 69.4 F; at 70 F this density
is achieved with a humidity ratio of 0.001125, for example.
The relationship here iz expressed in terms of specific volume
per Ib dry air given on the ASHRAE PsycuroMETRIC CHABT,
83 (cu ft mi per Ib mixture) = (cu ft mi per lb dry
air) + (Ib mixture per Ib dry air).

LETTER SYMBOLS USED IN CHAPTER 3

# = degree of saturation (decimal).
¢ = relative humidity (decimal). .
wn = work done by the system on the surroundings betwee.
states 1 and 2, Btu. . .
6 = ratio of apparent molecular weight of dry air (28.968)
to the molecular weight of water (18.016) = 1.6078.
A = coefficient from Tabls € for use in Equation 34 (ob-
tained from Table 6).
B = coefficient to be used in Equation 35 (obtained from
Table 6). .
- = coeflici
Table 6).
cp = apecific heat at constant pressure, Btu per pound.
Ep = fluid potential energy, Btu per pound of dry air.
Eg = fluid kinetic energy, Btu per pound of dry air. Ve
F¢ = compreasibility factor.

for use in Equation 36 (obtained from

- f» = factor accounting for effect of mixing sair and water,

dimensionleas.
@ = mass flow rate, pounds per hour.
G4 = flow rate of dry air, pounds per minute.

' Ga = rate of evaporation of water, pounds per minute.

H = enthslpy of the system, Btu.
H = enthalpy of the flowing medium, Btu per pound of dry
air.

h= cnt.halpy ‘of moist air, Btu per pound of dry air.




