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T 4   1» WEST VIRGINIA UNIVERSITY.

evaporate 93 pounds of Water per pound of fuel, in the ease
of the condensing engine taking feed water from  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 n()n-condensing;
type. 0

/

CASE 1. ��.THE CA RNOT CYCLE.

(a) I11 this case the.prob1em has been discussed, and
the compiitations made are upon the assumption of an
e�iciency of boiler such as to give an evaporation of 12 lbs.
of Water from the temper.-Iture of prime steam into dry and
saturated steam at the pressure here taken of 400 lbs. per

sq. in. for 1 pound of fuel, the tem-

perature of feed water being; the
1 - same as the sensible heat �of the

� 7 - - - - &#39; " ""7. � steam at the pressure noted and only

cmwr ¢3,,,_ the latent heat of evaporation being:
��°&#39;~-°~&#39;~*¢w&#39;-s supplied by the fuel.

Non=Condens1&#39;ng Type.

p, = 400 X 144 = 57600 lbs per sq-. ft.
  V] = 1.167 cu. ft. 1 I

� 905.92° Fahr. absolute.e 
     
     I

p._, = 2304 lbs. per sq. ft.
5 pl -881 7?V2 = V1 � = 20.83 on. lt.( p2 �

T2 = 677 .347 ° F ahr. absolute. _
� 0 - 81

log p1 = 4.760422 0 log  E} S 5 1.251585
» 2

log :1)! = 1.397940 2   log V2 :-. 1.318656
2

V2 = 20.83 - L1 = 797.94 B. T. U.

r =0 ratio of expansion = Y3 = 208?
~ V1 1.161

= 17.85 ~
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PROBLEMS 1N�1ni«;AL STEAiMgENGI.NE CYCLES.  9 A 5

A J = 778 ftflbs. per heat~u,nit. 0 0

U =\net Work per pound of steam expressed in foot A i *9
pounds 7 .� if   A ,

A = H: x Efficiency = 020797 x 7,253 = 157.062f()ot
pounds 7 ,  , , 9

AH: = heatfexpended per pound steam in foot pounds. . 1 &#39;
J L1"= 797.95 x 778 = 620797. ~   , 7   .

, 4.

M. E. P.� = g in pounds per sq. ft. =
. 2 - , .

M: E. P.�E. P.� ,5 144, ; 52.4 lbs. per sq. in.
330_00 X 60

7787 .

Efficiency.

A = B. T. U. per H. P per hour =

._.  =  = 10.059
This value of A is, however, for an efficiency of boileri

 one, but according to the assumption of the problem the
boiler efficiency was such as to evaporate12 lbs. of Wa�t"e�r
per pound of coal of 10000 B. T. U. 0 If the efficiency Were
one, then the number of pounds� evaporated would be.
10000 7 . U
 �� 13.79 lbs.

Then �A� =- B. T. U. supplied toboiler and equals , ,
� A 12

Efficiency of boiler -�--7 13.97  87.01% A � V   _ I ,
, __ A _ 10059 _ 0   A A » A -

B = pounds of steam perI. H. P. per hour for efficiency
1980000 _; 1980000

X .620797 -
C = pounds of steam per 1. H. P. per hour for actual

B .
efficiency =� gg = 12.6 lbs.

W =1 equivalent� Water rate from and at 212° Fahr. A 1   9 if   0 7
� A 10059 i 7
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WEST VIRGINIA &#39; UNIVERSITY.

boiler of 87.01% -=

I F = pounds of fuel per H. F.» pr. hr. for efficiency unity.
A _ 10059 _= 10000. " T0000 f� 1°°°59�"°

F� l=�. lbs. of fuel per H. P. per hour for e�iciency of
F 1.0059

."§&#39;}&#39;0T = �iswr f� 1-151�-
D = piston displacement per I. H. P. per hour.

= 0 V2 cu. ft. = 12.6 X 20.83 = 262.46.
I)� �= piston displacement» per I. H. P. per minute.

\

D 262.46 \ - .

CARNOT�S CYCLE. �

(b) Condensing Type, .

p. = 400 x144 = 57600 lbs. per sq. ft.
V1 = 1.167 cu ft. 5 q _
T1 = 905.92° Fahr. absolute.

p_._ = 2x 144 =s288 lbs. per sq. ft.
_ 881

�vat CW� 3 1 V2 = V1   = 106.45.
c°��"�.m-9 �lm� T2 = 587.302 Fahr. absolute.
1.. 6: 797.94 B. T. U.

33 __ 106.451.167 = 91.23.7» = ratio of expansion =

J = 778 ft. lbs. per heat unit.
. T �T 90792 � 581302 . ..Ef�clency = fL,1~,~1�~2 = 0 905.92 I  30.17%.

H1 = J L1 = 620797. q
U = H1 X Ef�ciency = 620797 X .3517 = 218332.

M. E. P.� =  in pounds per sq. ft. = 2050.1.
M. E. P.� =  14.2 lbs. per sq. in.
A = B. T. U. per H. P. per hour

___25-45 2545= ��~��.�~=-���-=&#39; .T. 0.E�iciency . .3517 �Q36 B U



PROBLEMS IN IDEAL STEAM ENGINE CYCLES.

A� = Emcienc�of boiler . Efficiency of boiler = 87.01%
= �$33: = 8317. I 1

B= = =3.19. p
0 =  = .357 =  =9�-
W =  = 7.49 lbs.
F=  = lbs. fuel per I. H.  per hour for effi-

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

7236
=. T5555

F� = lbs. coal for actual efficiency of boiler,
F s .

= 37

D = piston displacement per I. H. P. per hour.
= 0 V2 cu. ft. = 9.07 X 106.45 = 976.15.

I)� ;�� piston displacement per I. H. P. per minute. -
D , . 4 - .

= -66 = 16.27 cu. ft.

= .7236 lbs.

= .837 lb. coal per H. P. per hour.

CASE 11. ==-RANKINE CYCLE.===Non=Conducting Cylinder.

( a) Gondensing Type.

p1= 400x 144 = 57600 lb. per sq. ft.
V] = 1.167 cu. ft. .

1<oL-kin<_��~g°�t T1 = 905.92° Fahr. absolute.
�°"���"""������ p2 = 7x 144 -.-_- 1008 lbs. per sq. ft.

1
� 1337?

v2 = 4:}
T2 = 639.945° Fahr. absolute.

»V2 = 41.205.

-881
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9 -.d�. 778 [905.92 �_ 639.945 (13365) ] +

r=@={E}w=%a_ "_1 P27 * � _ .
pa = 2 x144 �_= 288 lbs. sq. ft. . -
J = 778 ft. lb. per heat unit. ~ I
log pi = 4.760422.

106 P2 ? §-_Q9§i£§}
1.756961

at log 5 131- 3&#39;88� 9.�.n 1.547883.
( p2 8

log �V1 = .067071.
log V2 = 1.614954.

T3 = 587.302° Fahr. absolute.
T4 = 120 + 461 = 581° Fahr. absolute.
HT = total heat of evaporation above 32° in B. T. U.

at� p = 1217.7 lbs. per sq. ft. .
q4 = heat in feed Water above 32° at T4 in B. T. U.

581° �- (461 + 32) = 581- 493 =  &#39;

U = net work of a. pound of steam in foot pounds for
efficiency of engine.

. � T r[1__T ) H; 6= J {T1 �"",&#39;12  }  1 T12/_,. -+ V2 (p2""D3)
265.975 610" *7

+ 41.205 X 720 = 778 X 48.39 + .295 H� + 2966766
= 67315 + .295 H� = 250470 foot pounds.

0 L1 = latent heat evaporation at p in B. T. U. = 797.94.
H� = latent heat evaporation at p in foot pounds

= J L1 = 620997. M�
H, = heat expended per pound of steam inft. pounds.

= J (HT�q4) = 778 (1217.7 �- 88) = 78806.6.
TU _ 250470Efficiency é ~H�1 _p  = 28.5%

M. E. P.� = �-U�� = 9- = in �lbs. per sq. ft. = 6979. 6
. rd V1 V2 4

M. E. P.� = %�°���°- = 42.115 lbs. per sq. inch.



.PROl3LEMS� IN IDEAL STEAM ENGINE�-CYCLES. H9

ef�ciency =

unity

be   , 9 �   2545 A 2f4*
A =�_ B. 1�. U. per 1. H. P. per hour = Ef�m/�Cy:

= 8930.
O = pounds of steam per 1. H. P. per hour for actual

. B 236 9 .

9W = equivalent rate of water from and at 212° Fahr.
.� M A�h . e
_ 966.069

&#39; \

= 9.24 lbs.

F -l�= fuel per I. H. P. perhour for e�iciency of boiler of
A .

HF� = actual fuel per I. H. P. per hour of efficiency of 9
lbs. Water per lb. coal.

= ~(;� =  = .92 lbs. coal per 1. H. P.�-per hour. " .
H= pist-onldisplacement-per I.  P. �per hour.
== ow cu. ft. = 8.28 x41.205 = 241.18 cu. ft». 9

D� = pisfon displacement &#39;per 1. H. P. per minute.

=  =� =� 5.68 cu. ft. Per minute.
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RANKINE NON=CONDUCTI1\ G CYLINDER.

.6   � . (b) No,n¬Condensing Type. .
. >,.   p1 = 400 x 144 .-= 57600166. per sq. ft.

T1 = 905.92° Fahr.absolute. 2 T

. log p2 = 3.480582

(kuvsktng Q\s§\( � ~V1  1.167. . ,
� \~~m~¢-ssotmesksq � p2 = 21 X 144 = 3024 lbs. per sq. ft.

.881V2 =&#39; V1  .
P2 p

&#39; , � -"881 . &#39;10:�; D1 = 4.760422 log  =t1.138539
. 2 �

log V] = .067071

1ogIP)�1 ; 1.297840 1
#2

V2 = 16.06

T2 = 230-565 + 451 = 691.565° Fahr. absolu_t.e.\
V2 p p] -881 _ �

7&#39;=.*={�%V1 132 &#39;

J = 778 ft. lbs. per heat unit.

v=&#39;_I�3 = temperature Fahr. degrees absolute of pa =
677.347.

log v.  1.205610

T4 = absolute temperature Fahr. feed Water = 461 + A
200 = 661. L .

HT =� total heat of evaporation in B. T. U. at p1 = 1217.7
q4 = heat in feed water above 32° at T4 in B. T. U-

= T. �� (461 + 32) = 661 �� 493 = 168.
p3 = 144 x 16 =2304.

L1 = latent heat of evaporation at p1 in B. T. U.
= 797.94. 4 .

H� = latent heat of evaporation at p1 in foot pounds
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PROBLEMS 1N AIDEAL srn.-1M ENGIIIIE CYCLES. 11

. &#39;13.... T2 214.36 __ ~

U = 778 (905.92 _� 691.565 x 1.27;&#39;+ (.2366 x 620797)
+ 16.06 X 720. _

21493.92 +146880.5 + 11563.2.
1699376.

H1 = heat expended per pound of steam in �ft. pounds.
= J_(HT��q.,) = 778 (1217.7 -� 168) = 8166666» foot �

pounds. . .
3. . U 1699376 �

E��1c1ency :-=p E = 816666} = 20.82%
, _ U _ U . __ 169937.6M. E. P. �� .-~~~;7~1 � :7; lbs. per sq.1t. � ���1�6�68�~ � 10581

M- E. P.� = mean effective pressure in pounds per

square inch =  = 73.48,
A = B. T. U. per I. H. P. per hour

_ ._.?§�.*§._.. � 35$? = 12235 B.T.&#39;" Efficiency � .2082

B = pounds of steam per I. H. P. per hour for e�iciency
1980000 _ 1980000of unity = ~~~HT~ _ 8�1�6�6�6�a�6 = 2.42 lbs.

0 2 pounds of steam per I. H. P. per hour for actual
  B 2.42

e�iciency of engine = = 11.68lbs.E�iciency = .2082 L
F� =4 lbs. coal actual per I. H. P. per hour for ef�ciency

of boiler such as to evaporate 10 pounds Water from tem-p
perature 2008 to steam at 400 pounds per square inch.

� O� 11.68
-�"=  �- W �-  ll)S.7_COal.

W = equivalent water rate from and at 212° Fahr.
A __ 12235
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p CASE IQII.-=-RA NKINE JA CKETED CYCLE. �
�.__�_z._

(3) Cotideizsing "Type. 4

ft. abstolute.
Runkskc T;:_kcTsal �pkV .,,..¢.,..,,,.\ V1 = 1.167 cu. ft. Volufneat cut-off of

1 3 one lb. at pressure pl. 6

T1 = 905.92°0Fal1r. absolute temperature at cut-off.
p2 =;-- 7 X 144 = 1008 lbs. per sq. ft.absolute.
T2 = 639.945° Fahr. absolute of steam at pressure pg.
V2 58.89 cu. ft. Volume of saturated steam at pressure pg.
p3 = 2 X 144 = 288 lbs. per sq. ft. absolute back pres-

sure. / 0�
T. = 120°+461 = 581° absolute Fahr. of feed water. .
J =778 ft. lbs. per heat unit.
�. = 1,117,850 ft. lbs; a constant.
b. = 544.5 ft. lbs.; asoousfant, .
H1 = heat per pound of steam at boiler in �t. lbs. �

= J (HT�+- q.) = 3733066 11.. lbs.
Hg; =�total heat of evaporation per lb. steam at pres-

sure p10 above 32° = 1217 .7. B. T. U. 9
q. = heat in feed Water above 32° Fahr.
  = T4�(493) = 531 -4.93 = 33 B. &#39;1�. U.
H�] = heat expended per pound Working steam in ft. lbs.

= H1 + heat received from the jacket.

3 = J (T2-�T.,) + a; g 1 + loge   =bT1
= J (T2 � T.) + a (1.3365) � bT,,

778 (58945) + 1117850>< 1.3365 � 544.5 x 905.92.
-���= 45863.1 + 1,494,006.5 � 4932734.
L��- 10465962 ft. lbs. 3

U = net Work done in ft. lbs per lb. working steam
V T 1 r1 /=6 aloge ,1;:�- b(�11 � 12) +_.v2 (pg � p3).

= 1117350 x .3365 ��544.5 x 265.965 + 52.39" x 720.
  = 3761565 ���.14681�_/.2 + 33030.3.

�.= 267420.1 ft. lbs.   F

4-..   1);�: 400 x 144 = 57600 lbs. per sq.



PROBLEMS IN IDEAL STEAM ENGINETYCLES. 6 113

0 I _ . __  2674201 __ -E�&#39;ILCle.1)ey f��" H/1&#39;e*�  ---
. M.  -+�  =  in lbs. per sq. ft. = 5056.16 lbs.

&#39; 7"V�Q V2 _ L

M. E;P."H M. E. P.� =5 »���.��p �~� = in lbs. per sq. in. = 35.11 lbs. I

B = p0u11dseefs7t-e.a%111 per 1.. H. P. per hour at boiler,
ii11clusiv-e of jacket. steam., for ef�ciency m1it_yef t.1&#39;ans.f01&#39;11:1~-

__ s1980*0_0_0_p __ W1980000I zation _. _.  -s_� 2.251bs.
H1 87.880766

A =0 B.T..U«. pe-.1� I.H«.P. per hour =
I JLfI1c1e11cy

B� = pounds of Working steam per I;. H. P. per hour for

~e�icienev unitv ==  = �1-9��E00O
I  � H�: 1046596 _

U = pounds st.ea_m per 1. H. P. per hour t()ta1 jaaclzet
B

. (:0i8é8�n£f\r
C� = pounds w0rki�ng steam per 1. H. I�. per l1(~m1&#39;act11a.-I

B� 1.89 ,_
=lEf�cie11cy=  F �-4 1*�

W = equivalent Water rate from and at �2l2°.Fahr.

= "�9960.9.

e 1.89 lbs.

.~..1nd cylindei� for actual ei�ciency =- = 8.8 lbs.

efficiency

A - ¢

F = fuel per I. H. P. per h0u?r..
A

_ B. T. U. per lb. (:0-al10000.
= also pounds steam per I. H. P. for actual e�icienev

engine divided by the pounds coal per pound steam, which
99609�

in this case is assumed at 9 lbs.
. 1 3

1+" = ¬59�: «S57 = .978 lbs.
D = piston Clisplace1nent per I. H. P. per ll0U1�-..

= 0 V2 011. ft. = 8.8 X 52.89 = 465.4.
D   . .

D� = i4; = 3.25 cu. ft. disp1a_eement- per I. H. P. per
minute. &#39; I I V &#39;

. . . V. "289 .r = ratlo of expa.ns10n = -1 = O = 453_
V,   s�ii1szs*:&#39;
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RANKINE" JA�CKl_5 TED CYCLE.

x: b ) No1r.Condensing� Type.
p1 400 X 144 = 57600 lbs. persq.

absolute.

V1 = 1.167 cu. ft. volume at out-off. �ank \l&#39;\{  C1¢&#39;|K 
     
     at pressure pl.ham eQ01\.&c1\.s\\.-:3

T1 = 905.92° Fahr. absolute temperature at c�ut-off.
p2 = 21 X 144 = 8024 lbs. sq. ft. absolute.
V2 = 18.84 cu. feet volume at pressure p2 of a pound of

saturated steam. 3

T2 = 691.565° absolute Fahr. temperature saturated

steam at p2v2.
p3 = 16 >< 144 = 2304 lbs. per. sq. ft. absolute.

= back pressure.
T4 = 200 + 461 = 661° Fahr. absolute temperature of

feed Water. �

J = 778 pounds per heat unit. 6
a��= 1117850 ft. lbs; a constant.
b = 544.5 ft. lbs; a constant.

3 HT: total heat of evaporation per lb. steam above 82 .
L = 1217.7 B. T. U.

(14 = heat in feed Water above 32° Fahr.
T4 -� (493) = 661 �- 493� : 168 B. T. U.

. . . V2 18.84
rat-10 of expansmn = V.r�� _....a 

     
     .�z1 "" 1.167

H, = heatper pound steam at boiler in foot pounds.
= J (HT -�-q4)= 778 (1217.7 �-� 168) = 816666.6 ft. lbs.

...___j. = 16.14.

HQ = heat expended per pound working steam in ft. lbs.-
= H1 + heat received from the jacket.

�_�_ J (T2-._&#39;1�4) + a 1+ loge~,f,�:§ -� bT1
= 778 (300.565)+ (1117850>< 1.27) -� (544.5x 905.92)

5 2333395 + 14196695-� 4932734
= 1,160,235.5
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L \

U = hetwork done in ft. lbs. per lb. workingasteam.

:3 3 10%:  �� b (T1 0"" T2) + V2 (P2 ��
20 &#39; 0 &#39;

N: 3018195 -- 116719 + 13264.8
.=_� 1983653 ft. lbs. �

:3 =  = 117-9%     ~
B = poundssteam per H. I�. per hour at boiler, in-

� elusive of jaekeiz steam, for ef�cieucy transfor�
mation. . N

1890000 1980000 1
= _"�[1�,_5U 1816063830

B7 = pounds of Working steam per I. H. P. per hour /, N »
for ef�oiency unity. 1
1980000 1980000

=  =
A�= B. T. U. per 1. H. P. per hour for actual ef�ciency

2545   2545
= }?F1??i&#39;éHE§ = E?

U U 198365 3

= 2.42 lbs. /

.�g 1.707.

= 14220.

M. E. P.� =    C1].fl&#39;.PeI&#39; Sq.fl&#39;~. � U

M. E. P.� =  : 73.1 lbs. per sq. in.
O = pouuds steam per I. H. P., total jacket. and cylin-

der, for actual ef�eiency,�

_ B __ 9-1.42_ �E�f�ciency _ .179 .

G� = pounds working steam per 1. HQP. per hour actual

e�iciency, 
     
     B� 1.707 1

--�=1 �*-����T"�"����  «.Efficlency .179 lbs
W = equivalent. water rate fromland at 212° Fallr.

A_ &#39; 14220 _
M069 � §�66".6¬§ * �&#39;7 lbs�

= 13.5 lbs.

A     A
B. T. U. one lb. &#39;=?1�b�6(.F = fuel per 1. H. P. per hour =

C 13.5
=-_-   �� ��-*9 = 1.� T s.lbs.�wat.er per 1 lb. coal 10 39 lbsF!
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