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1 » LETTER SYMBOLS (Concluded)- ' ‘ } :
ii ' i‘ ' Vas = Vs — 1y, 1.'.he difference between volume-of moist airat saluration, per pound ! . {
i %5 : :g:ry air, and the ‘lrovllfme of the dry air itself, f:ubi-c feet per Poul'ld t‘)i dry CHAPTER 4 . ) .
i 7 &‘ v, = volume of moist air at saturation per pound of dry sﬁr, éubic feet per poﬁnd FLUID FLOW - ‘ :

. .of dry air.

or

total volume, cubic feet.. . - . -
, W = huniidity ratio, of moist air, pounds of water per pound of dry air.
" Wi = humidity ratio, at saturation, weight of water vapor per pound of dry air,
pound per pound. )
‘W.* = humidity ratio corresponding to thermodynamic wet-bulb temperature
t*, pounds of water per pound of dry air. . .
w = work done by system. C . .
w = shaft work withdrawn between sections 1 and 2, Btu per pound of air.
Z = elevation above any datum, feet.
Z = average elevation, feet. o P

Subscripts with symbols have following meanings: 1, 2, 3 indicate section of
ow; a = air, w = water, wl = liquid water, ws = solid water, s = saturation, m =
mixture; * indicates that the value is at thermodynamic wet-bulb témperature.
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THE flow of fluids is part of the branch of engineering science kriown
as fluid mechanics, which will be discussed here insofar as it applies
to the work of engineers in the fields of heating, ventilating, and air
conditioning. Probably air is the most frequently handled fluid, but
other gases and liquids are often involved. Compressible fluids (gases)
and incompressible fluids (liquids) vary somewhat in behavior, though in
cases where pressure -and density changes are small, the gases may be
treated as incompressible fluids.

THEORY OF FLUID FLOW
The following energy equation for one dimensional steady flow processes

(Special Report of Universily of Pennsylvania Thermodynamic Research Laboratory,
March 1948).

* Standardization of Therinodynamic Properties of Moist Air, by J. A. Goff (A.S.

will serve as a basis for the theory of.the flow of fluids. This equation is
presented in several ways in various texts, but a ‘suitable form is

H.V.E. JourNaL SEcTION, Heating, Piping and Air Conditioning, Vol. 21, November = Ve Ve ' )
1949, p. 118-128). ) Ping g, Vol 2%, November 2—1+Ju,+plgl+Jq+£zl =‘27’ +J114+P201+7W+§_Z: 4y}
* The Theory of the Psychrometer, by J. H. Arnold (Physics, Vol. 4, 1933). ’ B G 9o A : ° :
¢ Thermodynamic Properties of Moist Air, by J. A. Goff and 8. Grateh (A.S.H.V.E. St where
TransacrIoNs, Vol. 51, 1945, p. 125). : - % V = velocity in feet per second
$ Low Pressure Properties of Water in the Range —160 to 212 F, by J. A. Goff and _ e AR
S. Gratch (A S.H.V.E. Jounnar, Secrion, Heating, Piping ond Air Conditioning,  * g = gravitational acceleration, in feet per (second) (second).
- February 1946): . R i g. = gravitational conversion factor = 32.174 (pounds mass per pound force) X
¢ Thermodynamic Properties of Steam, by J. H. Keenan and F. G. Keyes (John i3 ft per (second) (second). '
Wllgy. and Sons, Inc., New York, 1936). ) : . }5 J = mechanical equivalent of heat = 778 foot pounds per Btu.
7Ein neues Diagramm fir Dampfluftgemische, by R. Mollier, (ZVDI, Vol. 67, A u = internal energy, in Btu per pound of fluid.
Sept. 8, 1923, p. 869-872). . ] ) 5 p = pressure in pounds per square foot.
" sl]gg; i-x Diagramm fiir_ Dampfluftgemische, by R. Mollier (ZVDI, Vol. 73, July - v = specific volume, in cubic feet per pound.
% Nati'oi%l ﬁgflfw)é itte ) 4 tics. T hm \ ’ : 4 W = mechanical work done by the fluid in foot pounds per pound of fluid.
1 National A dmi;'y Cmmm. y t: Jor Aeronau 168, . echnica Report No. 218, 1925. et ¢ = heat transferred to the fluid in Btu per pound of fluid flowing.
visery Commitiee for Aeronaulics, Technical Report No. 538, 1935. o z = elevation above some arbitrary datum, in feet.
’ B Subscript 1 refers to the entrance, subscript 2 to the exit.
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Introducing the enthalpy A, which by definition is u + %v’ expressed in
Btu per pound of fluid, Equation 1 becomes '
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The equivalent differential form for energy Eduation lis

. ‘ ,
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