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.,.E—N'(” PREFACE
(WHEICH STUDENTS BHOULD READ)

This brief statement of fundamental principles has been
prepared especially for the use of midshipmen in the United
States Naval Academy. The work was undertaken at the
request of Commander J. Q. Richardson, U. 8. N., Head of the
Department of Marine Engineering and Naval Construction,
and has been carried on in close cotperation with officers of that
Department, particularly Comdr. W. L. Friedell, U. 8. N.,
Lt. Comdr. T. W. Johnson, Professor of Mathematics, U. 8. N.,
and Lt. Comdr. H. W. Boyaton, U. 5. N.

Thermodynamics is difficult, but worth while. To some
extent, it has been simplified by planning the problems for easy
solution. The table preceding Chapter II will be found useful
for exponential expressions. The solution of many problems
is necessary in order that a rea! grasp of the subject may be
attained. All problems should be solved with the slide rule.
This implies that answers will be absolutely reliable only with
respect to two significant figures, the third figure being estimated.
An error which may be as high as 1 per cent. is therefore allow-
able. The answers given have been obtained by slide rule,
and are subject to this error. Other errors may occasionally be
found during s first year'’s use of the book. The student’s
answer MAY be right, therefore, even when it disagrees with the
answer in the book.

One per cent. accuracy is good enough for almost all practical
engineering calculations. We rarely know the strength of a
material with any greater exactness. Even the dimensions of
structural parts are subject to s comparable error. Good
engineering is largely a matter of Xor straining at gnata and
swallowing camels.

If there is a “royal road™ to any kind of learning, thermo-
dynamics will be found to be the royal road to real compre-
hension of steam machinery.






NUMERICAL, CONSTANTS AND COMMONER

SYMBOLS
1.34 hp. = 1 kw. 748 watts = 1 hp.
23028 = bg. z + logu = 778 it. 1b. = 1 B.tu. =
5408 = TT8 + 144. 1544 = PFm + »T, Art. 12,
32,17 = acocleration of gravity. 2545 B.ta, per hr, = 1 hp,
42,42 B.t.u. per min, = 1 hp, 33 000 ft. Th, par min, = 1 bp.

1 980 000 ft. Ib. per hr. = 1 hp.

B.t.a. = British thermal unit(a): Art. 8.
¢ = clearance: Arta. 7, 80,
€ = compression ratio) Arts. 39, 140,
D = displacement: au, ft: Arta. 7, 42,
¢ = officiency: Arts. 34, 80,
= base of Napierian gystam of logarithms,
€, = volumetrie efficlency: Art. 43.
E = T + I = internal energy of vapor: Art. 3.
F. = Fahrenheit.
F = factor of evaporation: Art. 73.
| = disgram fastor: Art, 104, °
¢ = 32.17 = acceleration of gravity.
h = heat of 1 Ib, of boiling lquid: Art, 63,
H = total heat of 1 Ib. of dry vapor: Art. 85.
H’ = total heat of 1 lb. of supecheated vapor: Art. 83.
H, H = beat received by a substanoe: Art. 2.
ZH = net amount of heat recelved or rejected in a eycle: Art, 21,
hp. = horse power.
ihp., [hp. = indisated horse pawer.
I = disgregation work: Art. 2.
4 = ice melting effect per ihp.-hr.: Art. 58,
kw. = kilowsait(s).
k = spocific beat st constant pressure: Art. 14,
I = specific heat at constant volume: Azt. 14,
L = gtroke of an engins, ft.: Art, 7.
= Intent heat of vaparisation: Art. 64,
log = logarithm to the base 10,
log, = logarithm to the base ¢ = 23028 log.
m = molecular weight: Art. 12,
n = polytropic exponent;: Art. 24,
vii



viii NUMERICAL CONBTANTS AND COMMONER SYMBOLS

# = antropy of change of entropy: Art. 68,
n, = entropy of 1 Ib, of liquid: Art. 71.
n, = entropy of vaporization: Art, 71.
n, = total entropy of dry vapor: Att, TL
n' = total entropy of superheated vapor: Art. 83.
N =rpm.: Art. 7.
# = sheolute pressure, 1b. per aq, in. {= gauge pressure + 14.606).
P = ahaolute preaaure, b, perag. fi. = 144 9.
P = mean efective premure: Arts. 7, 35
p. = intercocler pressure: Art. 45,
Q = the quantity of heat in 1 lb. of a vapor: Art. 87,
R=PV +ul: Art 12
r = internal latent hest of vaporization: Art. 65.
= ratio of expacsion: Arts. 108, 162.
r.pm. = revolutiong per minute.
5 = gpecific heat: Arts. 3, 27.
t = temperature Fahrenheit,
T = § - 480 = absolute temperature: Art. 11,
T = tempersture effect of heat: Art. 2,
I = temperature of superheated vapor: Art. 83.
u, I = velocity, ft. per sec.: Arts. 58, 133.
v = volume of 1 lb, of a substance.
o = volume of 1 lb, of a superheated vapor: Art. 83,
vy = volume of 1 [b. of liquid: Art. 85,
V = volume of w Ib, of a substancs,
1 = weight, Ib,
W, W = external mechanical work done: Arts, 2, 28,
EW = net external work done in a eycle: Art. 21.
z = dryness fraction! Art. 74,
¥ = k + | = matio of specific heats (Art, 17); also adisbatic exponent
{Art. 28),
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