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Problems in Jdeal Steam Enpine Cpcles.

102

The following problems in ideal steam engine cycles
are virtually comparisons of the economy and total output
of working steam according to the various eycles. .

1st. In the Carnot cycle in which a specific volume of
steam,a pound, is taken into a non-conducting cylinder and
expanded adiabatically, then cooled at constant tempera-
ture, then compressed adiabatically to the original condi-
tion.

(a) The Carnot cycle of the non-condensing type.

(b) The Carnot cycele of the condensing type.

For this eyele is assumed the conversion of 12 pounds of
water into steam per pound of fuel, the feed water being
at the boiling point corresponding to temperature of prime
steam at initial pressure,and only latent heat of evaporiza-
tion being supplied by the fuel.

2d. In the Rankine cycle, in which a pound of steam
is admitted to a non-conducting eylinder to point of cutoff,
then expanded adiabatically to 7 pounds absolute in the
condensing type and to 21 pounds in the non-condensing
type, then cooled at constant volunie to 2 pounds absolute
in the case of condensing type and to 16 pounds absolute
in the case of non-condensing type, then cooled at constant
pressure of 2 pounds absolute in the case of condensing
type to the initial volume, then heated at constant volume
to initial temperature and pressure.

3d. In the third eycle the same two cases were taken,
and the cycles are in each sense the same as the second
case except the cylinder is a jacketed one and the steam is
supposed to be kept dry and saturated throughout at the
expense of the jacket steam.

In the Rankine cycle the assumption is made that
steam is supplied by boiler having an efficiency such as to
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evaporate 9 pounds of water per pound of fuel, in the case
of the condensing engine taking feed water from a hot well.
and 10 pounds for the non-condensing engine,—the temper-
ature being 120 degrees Fahr. for hot well for condensing
type,and 200 degrees Fahr. for heater of the non-condensing
type.

CASE I.—THE CARNOT CYCLE.

(a) In this case the problem has been discussed, and
the computations made are upon the assumption of an
efficiency of boiler such as to give an evaporation of 12 lhs.
of water from the temperature of prime steam into dry and
saturated steam at the pressure here taken of 400 Ibs. per

8q. in. for 1 pound of fuel. the tem-

perature of feed water being the
- same as the sensible heat of the

TSEEC By steam at the pressure noted and only

| Carnat Cycle the latent heat of evaporation being
Mon-fandensing supplied by the fuel.

Non-Condensing Type.

400 x 144 = 57600 1bs per sq. ft.
v, = 1.167 cu. ft.

T, = 905.92° Fahr. absolute,

p. = 2304 1bs. per sq. ft.

) l.]] ? <881

=
Il

Vo=V § — = 20.83 cu. {t.

{ pe )
T, = 677.347° Fahr. absolute.

Bl

log py = 4.760422 log L’—‘} — 1.251585
log p, = 8.362482 log v, = .067071
log :;‘ = 1.397940 log ve = 1.318656
v, = 20.83 L= 79794 B. T. U.
r = ratio of expansion = Lty B 17.85

vi 1167
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PROBLEMS IN IDEAL STEAM ENGINE CYCLES. 5

J = 778 ft. Ibs. per Leat unit.
Efficiency = 1'--,1-_,] as 5—}—{-}?:2%'(;;0‘—32——77'347 = 25.89
U = net work per pound of steam expressed in foot
pounds. '
= H: x Efficiency = 620797 x ,258 = 157.062 foot
pounds.
Hi = heat’expended per pound steam in foot pounds.
=.J L= T9795 x 778 = 620797.

M.E. P/ = Ein pounds per sq. ft. = 7540,
2

e Y o
M. E.P. = = 52.4 1bs. per sq. in.
33000 x 60
A = B.T. U. per H. P per hour e SRR (L e
Efficiency,
2545 2545
> Efficiency ~ .253 10069

This value of A is, however, for an efficiency of boiler
of one, but according to the assumption of the problem the
boiler efficiency was such as to evaporate 12 1bs. of water
per pound of coal of 10000 B. T. U. If the efficiency were
one, then the number of pounds evaporated would be

10000 e
",1;97.9‘:; = 13.79 lbs.
Then A” = B. T. U. supplied to hoiler and equals

A i yi 12

S of Toiler Efficiency of boiler = 597
iy e 30009 - :

A= 8701 = 801 = 11558 B. T. 1. per 1. H. P,

B = pounds of steam per L. H. P. per hour for efficiency

= 87.01¢

of unity = H = 820797 — 3.19 lbs.
C = pounds of steam per I. H. P. per hour for actual
: B
efficiency = 258 = 12.6 1bs.
W = equivalent water rate from and at 212° Fahr.
A 100569

= 966.069 — 966,069 — 1041 1bs.

i



6 WEST VIRGIN1A UNIVERSITY.

F = pounds of fuel per H. P. pr. hr. for efficiency unity.

A 10059
F” = Ibs. of fuel per H. P. per hour for efficiency of
: e S F 1.0059
boiler ot 87.019 = B01 = 8701 — 1.15 1bs,
D = piston displacement per I. H. P. per hour.
= Cv,cu. ft. = 12.6 x 20.83 = 262.46.
D)’ = piston displacement per I. H. P. per minute.
D 26246
e

= 4.347 cu. ft.

CARNOT’'S CYCLE.

(b) Condensing Type,

P = 400x 144 = 57600 1bs. per sq. 1t.
v; = 1.167 cu ft.

T, = 905.92° Fahr. absolute,

P: = 2x 144 = 288 lbs. per sq. ft.

oy BT

Vo =] Yl 106.45.
T, = 587.302 Fahr. absolute.
L, =797.94B.T. U.

Cornat Cycle
Gonde n\.\nﬂ ﬁbt :

5 : AR PN o L e o
r = raftio of expansion = el | T 91.23.
J = T78 ft. Ibs. per heat unit.

: T,— 905.92 — 587.f =
Efficiency = 2 T e Ll %.

T T905.92
H: = J L, = 620797.
U = H, x Efficiency = 620797 x .3517 = 218332.

M.E. P’ = TL; in pounds per &q. ft. = 2050.1.

M. E. P’ .
W 5 e ey 5] e T i
M. E. P = 144 14.2 1bs. per sq. in
A = B.T. U. per H. P. per hour
2545 2545

= Efficiency 8617~ 20 B. T U.
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PROBLEMS IN IDEAL STEAM ENGINE CYCLES. T
A A hoiler Efficiency of boiler = 87.019
clency o olier
= gigf — 8317,
o= E‘ﬂic]igency o .35?7 g _3511?1' =5
W = geiees = 749 lbs.

A _ T
F= 10000 = Ibs. fuel per 1. H. P. per hour for effi

ciency unity of boiler, and taking 10000 as the B.T. U. in
one lb. coal.

7236
- m = .7236 lhs.
F’ = lbs. coal for actual efficiency of boiler,

= _SF;I = .837 1b. coal per H. P. per hour.
D = piston displacement per I. H. P. per hour.
= (O v, cu. ft. = 9.07 x 106.45 = 976.15.
D’ = piston displacement per I. H. P. per minute.

D 7
- 16.27 cu. ft.

CASE I1.--=RANKINE CYCLE.---Non-Conducting Cylinder.

(a) Condeﬁsing Type.

p1= 400x 144 = 57600 1b. per sq. ft.

v; = 1.167 cu. ft.

Rambims Syt T; = 905.92° Fahr. absolute.
AN Dy = Tx 144 = 1008 Ibs. per sq. ft.

1

s i
=23} - (3}
Pz Pe

T, = 639.945° Fahr. absolute.
v = 41.205.

V.
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r=l= (B T _ass
Vi De
pa = 2 x 144 = 288 Ibs. sq. ft. 3
J = 778 ft. Ib. per heat unit.
log p1 = 4.760422,
log ps = 3.003461
1.756961
log : -Ej‘ : ™ 1547883,
log v, = .067071.
log vy = 1.614954,
Ty = 587.302° Fahr. absolute.
Te = 120 + 461 = 581° Fahr. absolute,
Ht = total heat of evaporation above 32°in B.T. U,
at p = 1217.7 1bs. per sq. ft.
(s = heat in feed water above 32° at Ts in B. T. U.
= 581° — (461 + 32) = 581 — 493 = 88,
U = net work of a pound of steam in foot pounds for
efficiency of engine.
m m A ’
—J =1 (l—Hoge ,—E)} +”]_,1;If) . + V2 (Po—-Ds)
265.975
+ 41.205 x 720 = 778 x 48.39 + .295 H’ + 296676
= 67315 4 .295 H’ = 250470 foot pounds.
Li = latent heat evaporation at p in B. T. U. = 797.94.
H’' = latent heat evaporaticn at p in foot pounds
=) L = 620097,
H, = heat expended per pound of steam in ft. pounds.
= J (Hp—q+) = 778 (1217.7 — 88) = 878806.6.

= 778 [905.92 — 639,945 (1.3365) ] + 629,797

Efficiency = gi =é?g%3 = 28,59,

M E.Ps= r%: = [‘—12 = .in 1bs. per sq. ft. = 6979.

M. E P = Mfﬁlj’ = 42.115 Ibs. per sq. inch,

B = pounds steam per I. H. P. per hour for efficiency
unity = azsaid = 2.36 lbs.

H:
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PROBLEMS IN IDEAL STEAM ENGINE CYCLES. 9

A =BT, U par 1 H. P per hotr = Eﬁi—cy =:')21;;
= 8930.

(' = pounds of steam per I. H. P. per hour for actual

efficiency = ,—]-:.;————- = ﬂ? =

Efficiency .285

W = equivalent rate of water from and at 212° Fahr.

e A

966.069

F = fuel per I. H. P. per hour for efficiency of hoiler of

8.28 lbs.
= 9.24 1bs.

o e e
o000 — -5980-

F’' = actual fuel per 1. H. P. per hour of efficieney of 9
Ibs. water per lb. coal.
5} ¥
= % = §;§ = .92 lbs. coal per 1. H. P. per hour.
D = piston displacement per I. H. P. per hour.
= (Cvz cu. ft. = 8.28 x 41.205 = 241.18 cu. ft.
D’ = piston displacement per 1. H. P. per minute.

’
Lot = 5.68 cu. ft. per minute.

unity =

SR
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RANKINE NON-CONDUCTING CYLINDER.

— (b) Non-Condensing Type.
~ p1 = 400 x 144 = 57600 Ibs. per sq. ft.

T; = 905.92° Fahr. absolute.

F"Q’.‘.\f_‘?.‘,ﬁ‘.ﬂi‘:ﬂ . : ‘: : ;112 144 = 3024 1bs. per sq. ft.
ps
Ve = V1 5:)
log py = 4.760422 log :p } Y 1138539
log p, ~ 3.480582 log v, = 067071
log g: — 1.297840 log v, = 1.205610
ve = 16.06

T, = 230.565 + 461 = 691.565° Fahr. absolute.
e ‘B‘} e
Vi 1 P:
J = 778 ft. 1bs. per Leat unit.
T; = temperature Fahr. degrees absolute of ps =
677.347.
T, = absolute temperature Fahr. feed water = 461 +
200 = 661.
Hr = total heat of evaporationin B.T. U. at p, = 1217.7
q, = heat in feed water above 32° at Ts in B. T. U.
=T, — (461 + 32) = 661 — 493 = 168,
p; = 144 x 16 = 2304.
L; = latent heat of evaporation at p: in B. 1. U.
= 797.94.
H’ = latent heat of evaporation at pin foot pounds
= J L1 = 620797
U = net work of a pound of steam in foot-pounds for
the efficiency of the engine.

=J { (l+lo_e T, )] (r’_ﬂ‘ﬂ H/+ Va (P2—]s)

1
rl‘1 = 905.92 R - : rr] ey
T ites = o o o = 27
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T, —T: 214.36
R 505,92
U = 778 (905.92 — 691.565 x 1.27) + (.2366 x 620797)
+ 16.06 x 720.
= 21493.92 + 146880.5 + 11563.2.
= 169937.6.
H: = heat expended per pound of steam in ft. pounds.
= J (Hp—q,) = 778 (1217.7 — 168) = 816666.6 foot

= .2366.

pounds.
; U 169937.6
o= = == Qa7
Bfficiency = = g14666.6 — 20-82%
T e I O . 1699376 .
M. E. P. = % \;'; = 72 1bs. per &q. ft. = IGT = 10581
M. E. P/ = mean effective pressure in pounds per
_ ; MoHIR -
square inch = - Y e 73.48.
A = B.T. U. per L. H. P. per hour
2545 25645

— — = 1292 i :
Efficiency .2082 12298 B. 2. U.

B = pounds of steam per L. H. P. per hour for efficiency
1980000 1980000

of unity = - H = 3166666 — 2,42 1bs,
C = pounds of steam per 1. H. P. per hour for actual
B 2.42

efficiency of engine = Wicieney — 00 11.68 1bs.

F" = 1bs. coal actual per 1. H. P. per hour for efficiency
of boiler such as to evaporate 10 pounds water from tem-
perature 200° to steam at 400 pounds per square inch,

C 11.68
= 10= “qo_ = 1-168 Ibs. coal.
W = equivalent water rate from and at 212° Fahr,
A 1223

~ $66.009 ~ 066,069 12:66 1bs.
D = piston displacement per 1. H. P. per hour.
= C vz cu. ft. = 11.68 x 16.06 = 187.58 cu. ft.
D’ = piston displacement per I. H. P. per minute.
D 18758

_ == S _— = ‘) 3 i
&0 &0 3.126 cu. ft.
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CASE [ll.---RANKINE JACKETED CYCLE.

[ (a) Condensing Type.
L L ... N---  p =400 x 144 = 57600 lbs. per sq.

e ft. absolute.
ke vatkele — - 5 o
‘n‘:.;m\'“.\ i v, = 1.167 cu. ft. volume at cut-off of

one lb. at pressure pi.
T, = 905 92° Fahr. absolute temperature at cut-off.
ps = 7 X 144 = 1008 lbs. per sq. ft. absolute.
T, = 639.945° Fahr. absolute of steam at pressure p..
v, 58.89 cu. ft. volume of saturated steam at pressure py.
ps = 2 x 144 = 288 lbs. per sq. ft. absolute back pres-
sure.
T, = 120°4+461 = 581° absolute Fahr. of feed water.
J = 778 ft. 1bs. per heat unit.
a = 1,117,850 ft. lbs. ; a constant.
h = 544.5 ft. 1bs.; a constant.
H, = heat per pound of steam at boiler in ft. Ibs.
= J (Hp— q,) = 878806.6 ft. lbs.
Hy = total heat of evaporation perlb. steam at pres-
sure p, above 32° = 1217.7 B. T. U.
q, = heat in feed water above 32° Fahr.
= T«—(403) = 581 — 493 = 88 B. T. U.
H’, = heat expended per pound working steam in ft. 1hs.
— H: + heat received from the jacket.
=J (T—T,) + a 3 1 + log, il : =hT,
=J(T,—T,) + a (1.3365) — bT,
778 (58.945) + 1117850 x 1.3365 — 544.5 X 905.92.
= 45863.1 + 1,494,006.5 — 493273.4.
= 1046596.2 ft. 1bs.
U = net work done in ft. 1bs per 1b. working steam

I

T 1 m
= a log. T] — b(Ty —T,) + v (e — Ds)-
2
— 1117850 x .3365 — 544.5 x 265.960 + 52.89 x T20.

— 376156.5 — 146817.2 + 38080.8.
— 267420.1 ft. 1bs.
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U 2674201

Eﬂ"l(_‘it‘ﬂt_'.\f' = I‘].’] = 1046553‘@:—‘2 = 25.-’)5%-
| B e
M.E.P. = - = — in lbs. per sq. ft. = 5056.16 1hs.
Vs Ngi LT
M B — Mibo . in 1bs. per sq. in. = 35.11 1bs.

144

B = pounds of steam per 1. H. P. per hour at boiler.

anclusive of jacket steam, for efficiency unity of transforn-
1980000 1980000

at1 _— = = 2.2: =
ation i, S78R06.6 5 Ihs,
S D e LH-P pat honr s a0 e UGB,
Efficiency

B’ = pounds of working steam per L. H. P. per hour for

1980000 _ 1980000

efficiency unity = = 18 1bs.

H: 1046596
U = pounds steam per L. H. P. per hour total jacket
and evlinder for actual elficiency = B - = 8.8 1bs.
: Efficiency
C” = pounds working steam per I, H, P. per hour actual
B’ 1.89

o s = —— = 74 lbs.
Efficiency 2555

W = equivalent water rate from and at 212° Falr.,

efficiency =

A
F = fuel per 1. H. P. per hour.

A
~ B.T.U. per Ib. coal = 10000.
= also pounds steam per L. H. P. for actual efficiency
engine diviled by the pounds coal per pound steam, which

: - : 99609 !
8 (CASe 18 488 d at 9 11 S —— = 996 8.
in this case is assumed at S 10000 6 1bs
0. 8%
P — — T g,
F' = qr g 78 1h

D = piston displacement per 1. H, P, per hour.
= U vz cu. ft. = B8 x 52,80 = 46854,

, D o W E
I = T 3.25 cu. ft. displacement per I, H..{’. pet
minute.
52.8¢
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RANKINE JACKETED CYCLE.

(b) Non-Condensing Type.

: : pr 400 x 144 = 57600 lbs. per sq. {t.

i absolute.
Seskine Sosketad O, vi = 1.167 cu. ft. volume at cut-off’
Mo Londenting ' at pressure p;.

T, = 905.92° Fahr. absolute temperature at cut-off.

p. = 21 x 144 = 3024 lbs. sq. ft. absolute.

v, = 18.84 cu. feet volume at pressure pz of a pound of
saturated steam.

T: = 691.565° absolute Fahr. temperature saturated
steam at pyva.

ps = 16 x 144 = 2304 1bs. per sq. ft. absolute.

= back pressure.
T, = 200 + 461 = 661° Fahr. absolute temiperature of
feed water.
J = 778 pounds per heat unit.
a ‘= 1117850 ft. lbs.; a constant.
b = 5445 ft. lbs.; a constant.
Hr= total heat of evaporation per lb. steam above 32°.
= 12177 B. T. U.
g+ = heat in feed water above 32° Fahr.
=T, —(493) = 661 — 493 = 168 B. T. U.

— ratio of expansion = -~ = Lo
S s e R T
H, = heat per pound steam at boiler in foot pounds.
= J (Hy —q9)=T78(1217.7 — 168) = 816666.6 ft. 1bs.
H’; = heat expended per pound working steam in ft. 1bs.-
= H, + heat received from the jacket.
Ti) \
i e bT:
— 778 (800.565)+ (1117850 x 1.27) — (544.5 x 905.92)
= 233839.5 + 1419669.5 — 493273.4
= 1,160,235.5

= 16.14.

T+ a %1+10g
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U = net work done in ft. Ibs. per 1b. working steam.

T
= a logt T.;_ b (Fl-— T!) + Ve (p! = — pﬂ\'

301819.6 — 116719 + 13264.8

= 198365.3 ft. 1bs.

pe U 198365.3

Ry e e = 7.9

Efficiency ., = 11602365 — 17.99

B = pounds steam per I. H. . per hour at boiler, in-
clusive of jacket steam, for efficiency transfor-

mation. _

1890000 1980000 |
—_——m == = .‘) 2 :
H, 8166666 — 242 1bs

B’ = pounds of working steam per I. H. P. per hour
for efficiency unity.
_ 1980000 _ 1980000

W, = fieomen — 1107
A = B.T. U. per L. H. P. per hour for actual efficiency
9545 9545
o Eﬂ%ﬂ = % = 14220.
M.E. P/ = :il = % == 1—!)-1-38—‘9;;;‘;’:3=1(}52§; cu.ft.per sq.ft.
M. E. P! = . 531'4}'” = 73.1 lbs. per sq. in,

C = pounds steam per 1. H. P., total jacket and eylin-
der, for actual efficiency,
B 2.42

=N T I e

(' = pounds working steam per I. H. P. per hour actual
efficiency,
B 1,007 .
o e s e e — l)-‘, 18,
Efficiency Tewn
W = equivalent water rate from and at 212° Fahr.
A 14220 o
= 966.069 — 966,069 — &7 1bs.
A A
F = fuel per L. H. P.per hour = "~ =—_
M@ oL pEEAOH B.T. U.onelb.  1000.
F 0 R s b

= Ibs. water per 1 Ib. coal ~ 10
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4.24 cu. ft

7R -H«TDEAL-*STEAM."*ENGINE CYCLES.

| Ratio of expan«non

3 RANKINE NoN- . RANKINE
CARNOT CYCLE, CONDUCTING JACKETED
e} CyoLE. CycLE)
L
Non- | Non- Non-
ton- | Con- | Con- Con: Clon- Con-
densing deming densing | dengmg densing | densing

L — —

o S—



