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" K = enthalpy correction term to be added to enthalpy.
See Table 6.

ha = enthalpy of dry air, Btu per pound.

hes = b, — B, = the difference between the enthalpy of moist
air af saturgtion per pound of dry air, and the specific
enthalpy of the dry air itself, Btu per pound of dry air.

k, = enthalpy of liquid water, Btu per pound.

Ay = snthelpy of saturated water vapor, Btu per pound,

k= enthalpy of ice, Btu per pound.

A, = enthalpy of moist air at saturation per pound of dry
air, Btu per pound of dry air.

h.* = enthalpy of moist air at saturation at thermodymamic
‘wei-duld temperature ¢*, Bin per pound of dry air.

b, = enthalpy of water vapor, Btu per pound.

&y = enthalpy of condensed water (liguid or sohd) at stand-
ard pressure, Btu per pound water. .

h.* = enthalpy of water as added at the thermodymemic wet-
,.bulb temperature ¢*, Btu per pound of dry air.

L = flow rate of liquid water, pounds per hour.

m =_molecular weight, pounds per mol.

A, =~ mols dry air.

n, = mols of water vapor at saturation.

1. = mols of water vapor.

P = pressure, pounds per square foot absalute.

Py = ntmosphenc prees\xre, inches Hg. .

P, = by definition 1,013,250
. dynes per aquare centimeter, or npproxxmnuly 25.921
in. Hg.

P, = vapor pressure of water in saturated moist air, pounds
- per square inch or inches Hg, absolute. P, differs from
the saturation pressure of pure water because of the
presence of the air.

" P, = saturation pressure of pure water at prevailing tem-

perature, inches

" Qs = energy added to the system between states 1 and 2,

Btu.
1» = rate of energy addition to Bow system behreen sec-
_tions Y and 2, Btu per minute.

Rt = universal gas constant, 1544. loot-pounds per (Fahmn
heit degree) (mol).

R, = gas constant for dry air.

R. = gas constant for water vapor.

§ = How rate of solid water, pounds per hour.

8 = entropy, Btu per (pound) (Fahrenbeit degree, abso-
lute).

& = entropy of moist air per pound of dry air, Biu per

. {pound) (Fahrenheit, degree}.

& = correction to be sdded to entropy of moist air obtained
from Tuble 2.

% = additional correction to be added to entropy because
of “mixing entropy’ (obtained from Table 5). Correc-
tion to be added to value of s obtained from Table 2.

4. = entropy of dry air, Btu per (pound) (Fabrenheit de-
gree, absolute).

2,, = the difference between the enu-opy of moist air al saly-
ration per pound of dry air,’and the specific entropy
of the dry air itself, Btu per (pound of dry air) (Fabren-
beit degree, ahsolut.e)

&, = entropy of moist air at saturation per pound of dry air,
Btu per (pound of dry air) (Fahrenheit degres, abso-
lute).

2, = entropy of water vapor, Btu per (pound) (Fahrenheit

degree, absolute).
8. = specific entropy of condensed water (liquid or solid)
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at dard at , Btu per (pound of
water) (Fuhrenheu degm ahsoluw)

T = Fah .
T, dard  atmospheri P e, by definiti
518.4 F, absolute.
L= tempemture, Fahrenbeit. . .
(il d ic wet-bulb 3 Fahrenhei
U = internal energy of system, Biu.
I} = interpal energy.
¥ = volume, cubic feet.
2o = volume of moist air per pound of dry air, cublc feet
per pound.
§ = correction to be added to volume of moist air per pound

of dry nir. See Table 6.

ve = specific volume of dry sir, cubic feet per pound:

Pes = 0, — 0, the difference between volume of moist air at
saturation, per pound of dry air, and the volume of the
dry air itself, cubic feet per pound of dry air.

», = volume of moist air at saturation per pound of dry air,
_cubic feet per pound of dry air.

W = rate of work output of the system between sections 1
and 2, Btu per minute.

W = humidity ratio of moist air, pounds of water per pound
of dry air.

W, = humidity ratio, a? saluration, weight of water vapor
per pound of dry air, pound per pnuud

LA idity ratio corresp ng to thermod ic wet-
. bulb temperature *, pounds of water per pound of dry
air, °
w = mass of gas, pounds.
" Z = elevation above any datum, feet.

Subseripts with symbols have following meanings: 1, 2, 3
indicate section of fiow; @ = air, v = water vapor, 1 = pure
saturated water vapor, w = wa.ber wi - hqlud water, w8 =

solid water, 8 = that the
value is at thermodypamic wet.-bulb temperature.
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CHAPTER 4

FLUID

FLOW

Theory of Fluid Flow, Pressure Loss in Circular Pipes, Pressure Lost in Non-Circulor Pipes; Flow of Compressible Fluids,
ideal Flow Through Nozzle or Orifice; Flow Meosurement, Head Meters, Location of Head Meters
and Pressure Taps, Pitot Tube, Variable Area Flow Meters

HE flow of fluids whick is part of the branch of engineer-

ing science known as fluid mechanics will be discussed

here insofar as it applies to the work of engineers in the fields
of beating, ventilating, and air conditioning. Probsbly air is
the most frequently bandled fluid, but other gases and hqmds
are often involved. Compnemble fluids (gasas) and incom-
pressible fluids (liquids) vary somewhat in behavior, though
mcaseswhmpmumanddenmychangmmsmaﬂ the ~
gases may be treated as incompressible fluids.

THEORY OF RUID FLOW

PR

ing energy equation for one d jonal steady

The
“flow provesses s will serve as & basis for the tbeory of the ﬂow

of fluids. This equation is pmnwd in several ways in various
texts, but s suitable form is

s
B rutpmtig+Lla
2g. g

< Ft st o+ W tpa o

where

= velocity, feet per second.
= gravitational acceleration, feet per (second) (sec-
ond).

g =_grayitational conversion factor = 32.174 (pounds
mass per pound force) X ft per.(second) (second).

J = mechanical eqtunlent of beat = 778 foot pounds per
Btu.

u = internsl energy, Btu per pound of fiuid.

p = pressure per square foot, pounds.

v = specific volume, cubic feet per pound.

W = mechanical work done by the fluid, foot pounds per
pound of fluid. -

q = heat transferred to the fluid, Btu per pound of fluid
flowing.

2z = elevation gbove some arbitrary datum, feet.

s <

Subscript 1 refers to the entrance, subscript 2 to the exit.
Ttroducing the enthalpy A, which by deisition is u + £,
expressed in Btu per pound of fluid, Equation 1 becomes

Ve g VL g

— =n e —4J W+ = @)
2 +Jhx+Jq+g'zx 2a.+ 4 +ma

The equivalent differential form for energy Equation 1 is

— a4 Jdu + 4 .—’d;‘.-r +dW =0 @
{po) + - dg

Replacing v by its equal g/gp (whexe p is density in pounds
we:ght, per cubic foot) and rearranging, Equation 3 beoomm

2—gdw+ dp+dz+"udu+pda Jdg +dW]) =0 @
In the case of flow (.hmugh a pipe, no ontside work s per-
formed so that dW = 0. Furthermore,
Jdu +pdo=JTds = qu+JTds' %)
where
ds = total change in entropy. . o
ds’ = change in entropy due to internal irreversibility
fram tarbulence and friction.

Accordingly, Equation 4 may be written
1 dp o &
= ~—+4 ZJT ds' = 0* - ©)
%dwiﬁ e +dst, g .

In cases where there i no internal irreversibility, d¢’ = 0,

and Bquation 6 may be i ted to give
L P Y—':+ t+a )
2 pm .

where ..
P = proper mean density.
This is commonly called the Bernoulli equation, named after

iy © DATUM

Fig. 1....Relation of Various Foctors
n Bernoufli Equation

L anal beequent partions of this chapter the distinction
et T e il e Soertnt Adfde Toacn the ? consistenay
ths factar, §/fe is oot in geoeral significant in nmdumr-nalyu.
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