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Fig. 1 .... Abridgment of Chart 1

. .. L o .o

2. The af here consists i javes an°

pél-lecc.pa;"gou:p, ere consists of dry air wl:urh b:hxm s
= pRT T ey
3.( é(e}cm‘vity is constant at the stapda;d value, namely 32.174 ft
4. At ses level, pressure is 20.921'in ] tempern rat

Ty {5518.67 F abs, (59F).(p.) 229920 . Hlg; and e
'Eqmﬁons%md%maybe bi "wgivea lati

enthalpy and humidity ratio and are with the data
of Table 1 and the properties computation methods of Goff
and _Gratch.“’ The geometry of chart construction nphlying
specifically to Charts 1 and 4 has been made s matter of record.®

Fig. 1, which is an abridgment of Chart 1, shows the various
properties whxcb_ are represented on all four charts. These
include the coordinates enthalpy and humidity ratio and lines

between p and Z. Table 6 shows values of pressure and tem-
perature for altitudes in the standard atmosphere from
= 1000 ft to-50,000 ft shove sea level. Further explanation
of the standard atmosphere is available in the literature 87

PSYCHROMETRIC CHARTS
A psych .‘r'mchartisa phical tation of the
thermodynamic properties of moist air. Its distinetive fea-
tures are. sclected to be of practical value in the solution of
Fe choso of sooni
choice of coordinates for a psychrometric chart is arbi-
trary. Molliert was the first to use coordinates of enthalpy
and h.ulmdxty ratio. An A, W chart provides-for convenient
graphical solutions of many types of moist sir problems with
a of th dynamic approximati
("Tl’l? Amenmt‘n Society (;):s Heating, Refrigerating and Air-

ng loped four . Mollier-t,
one four - Mollier-type
Charts 1, 2 and 3 are for sea-level pressure. Chart 4 is for

-amftalﬁtude(%%in.lig).ﬂfourchw- luded at

of constant dry-bulb and thermodynamic wet-bulb tempera-
ture, relative humidity and volume.

The dry-bulb temperature ranges covered by the charts
are as foilows: .

Charts 1and 4  Normal Temperature 32 F to 120 F
Chart 2 IA_rw Temperature —40Fto 50F
Chart 3 High Temperature. 60F to 250 F

Chart 1 and altitude Chart 4, included in the 1965 Guios
.AND .DATA Boox for the first time, are constructed on the
identical system of coordmates Pgychrometric properties or
f-lmm for baromet'nc pressures other than 29.921 and 24.89
in. Hg may be derived by interpolation. Alternatively, suffi-
ciently exact yn.lues for most purposes may be derived by
methﬁ:é:lescr;bed earlier under Perfect Gas Relations. The
consf on of charts for altitude conditi
by several authors.to.11.12 conditions has been ted

Con.aparisuu of Charts 1 and 4 by overlay will revéal the
following: -

1. The dry-bulb lines coincide.

. 2. Wet-bulb lines for a givt]:x'n temperature originate at the

the back of this volume) use oblique-angle coordinates of

ctions of the ing dry-bulb 1
saturation curves and they have the ::y;ne ‘ulope.lme and the o

psyduometrics'

humidity ratio and enthalpy for & given dry-bulb and

mz'b‘Th,]he increase with altitude, but reiative bumidily chauges

e, e changes rapidly, and for a given dry-bulb and bu-
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halpy from the psych tric chart and also

aliows a direct reading of the enthalpy {A¥Whw) of liquid waier
added or rejected in a process in Btu per Ib dry air.

E: le 8 ill the use of the ASHRAE psychro-

it

£ t":‘ﬁo, it ia practically inversely proportional to
pressis .

The following table compares properties read from the

" gonTovel (Chart No. 1) and 5000 £t (Chart No. 4) charts:

I —

CoartNo.| DB | WB | & w | RH
il N

0 | 81 | 446 | 018 [ 45 | 145

i 10 |81 | 298 | ‘oma | 48 | 1756

following discussion refers to Chart 1 which will here-
a.ﬂeTxi-m beomﬂedmfhe ASHRAE psychrometric chart. This chart
shows humidity. ratio lines (horizontal) for the range from

* sero (dry air) t0 0.031b water per Ib dry sir. Enthalpy lines are

obﬁqueﬁnasndmdmwnmms;theehmi{linfervﬂsof5
Bmpalbdry&ir‘Theentha!pyhnumpremselypamuelm
each other. Edge scales for entalpy are shown above the satu-
ration curve and at the bottom and right-hand margins-fo

intervals of 0.2 Btu per Ib dry air. * bt

- Dry-bulb temperature lines are shown in 1 F.deg intervals.
The dry-bulb temperature lines are drawn straig ight, are not

- precisely parallel to each other, and are inclined slightly from
the vertical position. Th i perat

> ic wet-bulb t
lines are oblique lines shown in intervals of 1°deg F. Their
- directions differ but slightly from that of enthalpy lines. The
h d ic wet-bulb lives are identically
straight but are not precisely parallel to each other. A
Relative humidity lines are shown in intervals of 10 per-
cent. The saturation curve is the line of 100 percent relative
humidity while the horizontal line for W = 0 {dry air) is the
line for zero relative humidity. . . -

. Volume lines are oblique lines and are shown in intervals
of 0.5 cu ft per Ib dry air. The volume lines are drawn straight
and are not precisely parallel to each other. .

A narrow region above the saturation curve has been de-
veloped for fog conditions of moist dir. This- two-phase
region rep a hanical mi of d- moj

air and liquid water with the two components”in’ 1
equilibrium. Isothermal lines in the fog region are coqui’.nt

metric chart in determination of moist-air properties.
[Ezample 8: Moist air exista at & condition of 100 F dry-bulb
65 F th d mic wet-bulb temperature, and

20.021 in. Hg D i e b lity ratio,
dew-point temperature, relstive humidity, and the volume.

ution: The sta intmdbeloca&edon}hnchannthe
intersection of the 100 ¥ dry-bulb temperature line and the 85 F
t.hermod/mymmmdr'y wet-bulb temperature line. Read W = 0.00523
b water, air.

The enthalpy may be found by two methods. Through use of
two trisngles, 'draw a line. par to nearest enthalpy line
(30 Btu/ib dry air) through npwpomcmtbenwutedge
scale. Read & = 29.80 Btu/Ib dry air. .

An alternate method for determining enthalpy will now be
described. From Equation 9 R "
he — (W, — Wlh*. = A* + D
where h,* is the enthalpy of saturated moist air at the thermody-
namis wet-bulb temperature and D is the e.pﬂnolgy devistion
given by the nomograph. At 65 F,:read A, = 30 Btu/b dry
air. By the nomo, h,utW—O.QOSZSlbv!awﬂbdryurmd
t* = 65 F, read D = — 0.26 Btu/lb dry air. Thus, = 30.06
— 0.26 = 20.80 Btu/Ib dry air. + o ;

The dew-point temperature may be read st the intersection of
W = 0.00523 'Ib -water/lb diy air with.the saturation curve.
Thus, & = 40F.

‘The relative humidity may be estimated directly. Thus, ¢ = 13

The volume may be acourately found by linéar interpolation

the volumye lines for 14.0 and 14.5 cu ft/Ib dry air. Thus,

between
o = 14.22 cu {t/ib dry air. Lo R
TYPICAL AR CON_DIT‘ONING PRQCESSES .
The ASHRAE psychrometric chart may be used ‘con:
veriténtly in the solution of ous process probl with
mioist air. The best explanation of its use is through illus-
trative.examples: In each of the following examples, it is to
be understood that the process in’ question takes place at 8
constant pressure of 20.921 in. Hg. |~ | ., .
Heating of Moist Air o ST
The process of adding heat alone to moist air is represent.ed
by a horizontal line on the ASHRAE chart since the humidity

with extensions of thermodynamic wet-bulb

lines, If required, a user of the chart may further expand the

fog region by extension of humidity ratio, enthalpy, and ther-
d ic wet-bulb Ii

y p ines.

A protractor and & nomograph are shown to the left of the
chart. The protractor shows two scales—one for sensible-total
hest ratio and one for the ratio of enthalpy difference to
humidity ratio difference. The protractor is useful in estab-

lishing the direction of a condition line on the psych
chart. The h provides an all method for de-
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ratio .o
Fig. 2 shows a device which may add heat to a stream of
moist air. For steady-flow conditions, the required rate of heat
“addition is .
i = me(h — h) (25)
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