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34, 35, 36. Degree of Saturation at Which These Three M
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Table 6. ... Coefficients A, B ,C Appearing in Equations 34, 35, 36, Maximum Valves of Corrections Defined by Equations

7, G- M VYalke of Correctit

Defined by Equation 37, and Degree of Saturation at Which This Maximum Ocxuts, fw "

{Stondard Atmospheric Prassurs)

t A B C- Fosax Arax Emax = Foray =

(5] (f3/1by)) | (Btu/lb.) |[(Btu/F/iba}| (€0/1b.) | (Btu/lbs) [(Btu/F/lb.) - (Btu/F/1b.) =
9% 0.0018 0.0268 0.00004 8.0004 0.0080 0.00001 0.4925 0.0015 0.3650
212 0.0042 0.0650 0.00009 0.0010 0.0155 0.00002 0.4878 6.6025 £.3632
128 0.0096 0.1439 0.00020 0022 0.0332 0.00005 0.4805 0.0040 0.3602
144 0.0215 0.3149 0:00042 00047 0.0693 0.00009 0.4691 0.0063 0.3857
160 0.0487 0.6969 0.00091 0.009 .| 0418 0.00019 0.4511 0.6106 03485
176 0.1189 1.636 0.00207 | 0.0207 2908 0.00037 0.4213 0.0178 0.3363
192 0.3363 4.608 0.00567 0.0451 0.6180 0.00076 0.3662 .0333 0:3129

DETERMINATION OF THERMODYNAMIC
. PROPERTIES OF MOIST AR FROM
TABLE 2 DATA -
The Table 2 data are given for either perfectly dry or com-
pletely saturated air. C i ink ion will yield
magnitudes of the volume, t
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between these limits, The basis of this interpolstion is the -

degree of saturation, denoted by the symbol u. (Degree of satu:
ration plays a role closely similar to steam quality in the
steam tables.) Interpolstion formulas are the following:

P = v, vy, 0 (31}

b=h+pha + K 32)

8= gt pteat &+ 7§ . (33)
all — A
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where

a = ratio of apparent molecular weight of dry air (28.966)
to the molecular weight of water (18.016) = 1.6078.
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80 ~'wC
1 + oW 6o
¥ = 01679 [(1 + uaW.) logu( + saW. — uoW, logun) -

— a{l + aW.) logu(l + aW,)}

itude of_ the factors A, B, and C, and
o FYASTTIrivd)

Table 6 gives
also an indication of thy

Y
the various correction terms in Equations 34, 35, and 36. If .

moist air were a mixture of perfect gases, the terms 7, £, and
3 would be zero. The term § is a mizing entropy change, which
is the consequence of partial-pressure variations with degree
of saturation at fixed system pressure and exists even for per-
fect gases. . -

Note particularly that the corrections to direct interpola-
tion based upon degree of saturation are small below about
. 150 F and usually they may be neglected. This gives quanti-
tative subst: to the pproximation that perfect-

g8s relationships are reasouably valid below roughly 150 F
and at p. near 1 b

THE ASHRAE PSYCHROMETRIC CHART

A psychrometsic chart is a graphical representation of the
thermodynamic properties of moist air. Its distinetive fea-

tures are selected o be of practical value in the graphical

solution of engineering problems.

Two kinds of psychrometric charts are most used today.
The first i plotted on rectangular coordinates of dry-bulb
tempersture and humidity ratio; the second is plotted on
oblique-angle coordinates of enthalpy and bumidity ratio.
While the same problems can be solved with either chart, de-
tailed ional proced: and 1 ge differ slightly.
The ASHRAE Chart, a copy of which is included with Tax

Guipg, is of the second type. This chart is based on the ther-

modynamic data of Goff and Gratch, as given in Table 2.
Fig. 4 is a skeleton sketch showing the oblique coordinate
system of enthalpy and humidity retio,” which provides the
framework upon which other curve families are plotted to
give important properties. The k, W coordinates were chosen
because steady-state energy and mass balances, as introduced
in the b ing of this ch are expressible and solvab}
in terms of these two properties only. Restriction of the chart
to a tant p of 1 standard atmosph
tional; actually the chart is usable for pressure variations up
to roughly =1 in. mereury from the standard.
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The angle it chocen for convenience.

8. Top fine is the maximum humidity ratio W to be cansidered.

C. This corner point is the enthalpy of dry air af the miimum dry-bulb fem-
percture jo be contidered.

D. This corner point is enthatpy of dry cir ot maximum dry-bulb temperature
o be considersd.

E. Uines of constont W cre straight, parcilel, and horizordal.
fig. 4. ... Basic Coordinates of ASHRAE Psychrometric Chart

is conven-
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Thermodynamics

, W oblique coordinates were first used in 1923 by
M'cfl?i:r,“~ 1 who & showed one way to modify the chart for
tous pressures. -
van’l‘he scpale units, coordinate angle, and range of the ASHRAE
Chart have been chosen for convenience.and reasonsble ac-
curacy. The temperature range 0 to 125Fveoyexsﬂmmost-
used range of air-conditioning problems. Similar nhaﬂ.s can
be drawn for other temperature ranges. Thg five addxt.lonal
curve families ploted on the chart are shown schematically
in Fig. 5, sod these families provide the nécessary additiona)
data to solve the usual types of problems. o .
An sbridgment of the ASHRAE PsycrRoMETRIC CEART i3
shown as Fig, 6. A large chart is inside of the back,eover.. '
The feature to be considered next is the enthalpy-humidity
difference ratio, (hs — )/ (W3 — W), where the subscnpt.‘.s
indicate a change from state'1 $o state 2'on the chart. It is
essential to recognize that mass and epergy balinces sre
. formulated in terms of net changes andaﬁwd states; the -
detailed history or process path of a change is not mvo_lvgd.
Graphical analysis of these mass an(j energy balafices is in-
dispensably aided by the use of ioct lines, which are gmw_n to-
tain all possible locati of the two states being con-
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Dry-bulb’ temparsture lipes are shroight withiss the’ liaits of chorf réod-

ubﬂ‘ﬁz wxcept in the uppor right-hand region: of -the charl. They are not

parcliel. The 70 F line is drawn exaclly perpendiculor to the humidity rafio
lines. - .

SPECIFIC VOLUME LINES

The specific volume lives re traight os long as ¥ is negligible {see Equa-
tioa 31,
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sidered, state 1 and state 2, according totheparhcqlm:ovmll
diti imposed upon the probl These loci lines are
commonly called condition lines, and in the ASHRAE Chart
the slope of 8 condition line is given by the ratio (A — &) +
(W, — Wy. The protractor scale on the chart, used ynth
drafting equipment for drawing pa.ra.llel lines, permita e\t._her
the setting of a desired condition-line slope or the numerical
evaluation of this slope for different given probiem data.

The region above and to the left of the saturation line on
the ASHRAE Chart is a two-phase region giving eq Tium
states when water is present either in both the liquid and the
vapor phase or both ihe solid and the vapor phase. Humidity
ratio here represents tolal water present (both .p.ha.s'm) in
pounds per pound of dry air. The three curve families in this
region are enthalpy, humidity ratio, and temperature; the

ture lines are continuations of the wet-bulb .hm, and
the wet-bulb and dry-bulb temperstures are identical.

Moist air in the two-phase region always is sgtumted, and
its vapar-phase bumidity ratio is that for saturation at the pre-

. vailing tempersture and pressure. The liquid or solid water

present, expressed as pounds of liquid or solid per pound of

~ dry.sir, is found as the difference between the humidity ratio
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Wet-buib>- finet ore siraight but they are.nof parclicl. in the
r-gso; MWW is premnt, the wet-bulb.and dry-tulb fempera-
tures cre the some.
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Degrae of suluration lines and relctive bumidity lines are simifar bt act
identical.

Fig. 5. ... Arrangement of Families of Curves on ASHRAE Psychrometric Chart




