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also necessary to obtain the voltage rating at the design
operating pomt, 23 selected from data similar to that shown
mFig. 12. This is necessary in order to develop a power

ln addmon to the heat transfer and the thermoelectricms—
pects of device design, there are mechanical problems to’ be
considered. Thermoelectric material and joints between it and
the eopper straps are relatively fragile. Smee a-module is

, it is to ically clamp

the module between heat, transfer surfaces. Stresses dcveloped
83 & result of thermal expansion and contraction in a module
must be minimized by proper desxgn This'is spedially’ true if

the heat pumping cycle is It msreversalof
stresses. . 0
Most th Jectric devices operate with relativel,

y high
current and low voltage. For those deagned to be powered
from a 120 volt alternating-current source, a rectifier unit is

. The rectifier unit can consist of a transformer, two
silicon diodes for'full wave rectification, and a choke to filter
the output. Ripple in the direct-current output should be 10
percent or less, to minimize loss'in performance which'results
if pure direct current is not used.
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Q. = rate of heat emission at hot junction, watta.’
Q..n = maximum ra.tc of beat absorption at cold jugetion
B - watts, .- IR
- Ra= eloctnml\‘mstnneeafeouplelzgs.ohm .
. ATmex = maximum A7T. . :
AT = temperature difference between Lbe bot and cold
junctions of materials n and p, (T\ — T.), C deg.
T = absolute temperature, Kelvin. .
T4 = bot junction temperature, Kelvin.
+:+ T, = cold junction temperature, Kzlvm
V = volts generated by couple. an
W = total e!ect.nca.l power supplied to couple, watts.
Z - ﬁgure of ment Cam o’/(\/K.p, -F VKoot
= at/GK)
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LETTER SYMBOLS USED IN CHAPTER 2.

' a = sbsolute Seebeck coefficient, volta per C deg. -
adn = relxhve Seebeck coefficient (the difference between’
Seebeck

vulhpeereg) Coe e e

Caa = Seebeck coefficient, of mat
ductmnoecun pnncxpﬂy duewelectmns. KO
" ay = ab Seebeck ient of m ‘mwhlchm

duction occurs principally due to boles. -
" age = relative Seebeck coefficients, the dlﬁumee betwem
e materials of n and p type. - 13
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&APTER 3
PSYCHROMETRICS

n,umodynamrc Properties of Mo:sl Air, ‘nlennodynumlc Pr.operhes of Water at S

ion, Degree of S '.;

Tbempodynamlt Wet-Bulb Temperatt

, Perfect Gas Rel
Typical Air-Conditioning Processes

U. . Standard Atmosphere, Psychrometric Charts,

urthsatmospbenlsamuhueof sevemlgasesm—
ndmg ‘nitrogen, oxygen, argon, water vapor, and traces
of others.” A h g various kinds
of particulate mw:r Oft.en, add.\twnal vapors are present.
Befon one may wnsnder thermodynamic properties of
the s must be isely defined. The
working bl is called
moist Momtmmbydeﬁmhonabmarymutmofdryw
and water vapor.
Dry air has t.he followmg exact eomposmon, ndopwd by the
tional Joint C on Psy ic Data,! and
upremed in mol fractions: oxygen, 0.2095; nitrogen, 0.7809;
argon, 0.0093; carbon dioxide, 0.0003. Traces of other gases
are neg]ecwd The molecular wexght of dry sir is 28.966. .
Moist'air may contain varying amounts of water vapor
ranging f from zero (dry air) to that for saturation. Moist air is
saturated when it can coexist in neutral equilibrium with a
condensed phase (liquid or solid) presenting a fiat surface to it.

THERMODYNAMIC PROPERTIES OF
- MOIST AIR .
Various thermodynamic, properties are associated with
moist air. The thermodynamic state of moist air is established
by the pressure and two ot.her mdependent properties. Pres-
sure may be taken as b p in tical calcu-

HF) = Fn.hrcnhut wmpemmm defined in terms of abeolute
temperature 7' by the rela

T=l+45967

W, = ion is_the oundn‘
tion at whu:h the vapor phue (mm.s'. ir) may exist in equi-
Ebrium with n condenaed phase (hquld or solxd) at the g:ve_n

the case of Tnb!c 1). At #ven values of temperature and prm—
sure, the humidity ratio W can have any value from zero to W.

v = specific volume of dry air, cubic feet per pound.

Vos = 9, — u., the difference between the volume of moist
air a saturation, pound of dry air, and the specific volume
olthedrya.u-x , cubic feet per pound of dry air.

v.-volumeofmoutnuamtwuﬁanpupoundofdryw,
cubic feet per pound of dry air.

h, = specific enthalpy of dry air, Bwperpou.ndofd.rya.l.r
Thcspeelﬁcanthalpynfdrywhaabeen assigned the value
sero at O F, b € The energy umt
Btu is related to the foot-pound by definition, as followa.
Btu = 7783 ft-lb.

oy b the diffrence betwoen the cathalpy of moist
wn,pergo dnfdrym,andthespwﬁcmdmlpy
ofthed.ryunuelf tu per pound of dry air.

A, = enthal, yo(mammrdulumkanperpoundofdrym,
BmPerpoungnfdryw

&, = specific en y of dry air, Wper(pound) (Fahren-
heit degree abmlutcf It will be notlced that the specific en- en-
uopynfdrymrhubeenm@edthevnluemvnol’md

lations.

Humidity ratio W is the mass of water associated with umt

mass of dry air, poundso! water per pound of dry air.

iof saluration p is the ratio of the humidity ratio of
moist air to the humidity ratio at saturation for the same
temperature and pressure.

Relative hwmddy ¢ is the ratio of the molraction of water
vapor in moist air to the mol-fraction of water vapor in
eaturated moist air at the same temperature and pressure.

Dm—bulblcmpautwet'mthetmewmpembumo( moist air
at rest. -

Dew-pomt tanpemtm-c & 18 the mtumtxon temperatu.m cor-

fo = 8 — 2, the dlﬁerencedl;;tween t.hcm:nt.mpy of gm
air ot mlumhﬂn, alr, an specific P;
of the dry air lh‘n’duf Btu per -(pound of dry au-) (Fnhrenhel’t
degree absolute).

& = entropy of moist air at saturation per poundofd.ryux,
Btu per (_pound of dry air) (Fahrenheit degree, absolute).

enthalpy of ounden:lxl water (lxquxd or sohd)

in eth rium with st
ressure, Btu per pound of water. The specific enthalpy of
Eqmd water has been assigned thevﬂuemoatSZF satura-
tion pressure (0.088586 psia).

Note that h. is greater than the steam-table enthnl of,
saturated pure condensed phase by the amount of the ent Y
increase eorrespondmg to t.hc pxumm increase from satura-

ding to the humidity ratio and p of an exist.
qmistmmu . M

‘hermod

J wa-bu.lb £ is the
at wlm:h water ('hqmd or solid), by evaporating into moist air,
can bring the air to saturation adiabatically at t.he same
temperature.

In an ASHVE cooperative research project at the Towne
Beientific School, University of Pennsylvania, Goff and
Grateh? formulated accurate thermodynamic properties of
moist air. Table | shows vatious thermodynamic properties
for moist air as determined -by Goff and Gratch for standard

. atmospheric pressure (29.921 in. Hg) and for temperamms

from —160 F to 200 F.

tion p
ence of air.

sy = ic entropy of condensed water (liquid- or .olld)
in equlhbnum with saturated air, Btu per (pound water)
(Fahrenheit degree absolute). s. differs from the entropy of pum
water at maturation pressure, similarly to A,..

Py = vapor grssum of water in saturated moist air, pounda

T square inch or inches of mercury. This pressure, p,
ﬁmthenhntwnpmmofpummmbmuaeof&e
ence of the air.

THERMODYNAMIC PROPERTIES OF WATER
AT SATURATION. R

Table 2 gshows thermodynamic properties of water at’

tions of
b

Table I contains 15 columns of figures. Brief expl:

l’or e fmm —lﬂ) to 212 F. A detmled
1 hod ing Table 2 is'

the data in each column are given in the following p

The general reaponsibility for this chapter it assigned to TC L2, Paychro-

givenina paper by Goff and Gratch ? Symbols used in Table 2
follow standard steam-table nomenclature.
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