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TABLE 1

SPECIFIC HEAT OF GASES AND VAPORS.

Cal
Substance ¥::§: ogﬁ e Authority —8{4- Authority Frmdc
-30-10 | 0.23771| Regnault
0-100 0.23741 4
AL ssajnsnscnsn 0O- 0.23751 &
20-100 0.2389 | Wiedemann
Mean | 0.23788 |-« cceoveeeinnn. 1.4066 Various |0.1691
A lcohol. "aaa el St " e r )
Alcohol. E
(methyl) by 101-m 0.45&) A _ng_ﬂault
23-100 0.5202 | Wiedemann | | e SR
27~ 0.5356 »
Ammoma -- 24—% 05125 | Regnault
Mean | B2 |.covvissiosiossea 1.31 Caz\"}‘u ler, 0.399
34-115 0.2990 | Wiedemann | |
...... 35-180 0.3325
116-218 0.3754 Regnault -
-28-77 | 01843 | Regnault | |
15-100 0.2025 -
----- 11-214 0.2169 " =
ner .
ol BT R 1.300 Rontgen.}‘ 0.1548
23-99 | 0.2425 | Wiedemann 3 H S
n. i
26-198 0.2426 e 1.403 Wiillner 0.172
69-: 0.4797 | Regnault SRR 7D )
)| 27- 0.4618 | Wiedemann
"""" 25-111| 0.4280 n
!ean 0.4565 |-vereeees dgebas <l 1.029 Muller [0.: D,
-28-9 | 3.3996 | Regnault 4
12-198 3.4090 - u
21-100 3.4100 | Wiedemann
Mean S4062 l-ccccsvececcccnses
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- PROPERTIES OF SUPERHEATED STEAM.

Degreesof Superheat
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250.4
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1212, ) __3 0 |12

259-3
1139

1166.8
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T 12 1307, |
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6 5586 6076

.
2 'i

487.¢
10.16

1.7
2

5371
10.73

!
§

02.
3.
.Wr
7

312.0 | 362.0 | 412.0 4620 5110 5620 é12.0

5.

3:6.3 3663 4l23 4663 5:23 5663 616.3

S

5921 6.

©

6.7

7 T 795

7.1 7.51

Pressure, E Degrees of Superheat rees of Superheat
o, | Ju B | STET
| 50 | leo | 150 | 200 | 255 | 300 | Absolule, |Oteam. | 5o floo | 150 | 200 | 250 | 3ee
'
370.3 | 420.8 | 470.8 | 520.8 | 570.3 | 620.3 | {70 .3
90 1 260 283 3.04 324 3 3.635| 3.32
: H95.9 [1226.6 |1253.6 |1279.1 13641 |1328. 2
" |4 e e PR
. 9 A .3 . .
t‘ 64 m'r.z lzg’.; 1279.9 | .ss 3.“3 <y
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N 2 P H S S R e T R S
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140 |V 3.22) 349 3.75| 40| 424 448 4.1 225 |7 92.05 2.33 23.0 sz 27 ”ﬁ ;z :L%i ;3
A (1192.2 |221.4 [1248.0 1293.3 |1298.2 l}m.d l%ﬁz h 11199.9 [1232.7 |1260.2 Il?.‘lj_._ 1310.9 N1335.7 |1360.
355.8 | 405.8 m.g 30.58 555.3 | €05.8 | 655 ¢ 1 393.5 | 443.8 | 493.8 | 543.7 | 593. 3.8 | 693.
145 |2 3.12| 3.38 87 10| 4.33| 4.8 230 |2 2.000 2.18] 2.35| z2.51 2. 2.820 2.
| & 11 1222.2 (1243.5 |1 2 299.1 .6 'Eﬂ'ﬂ Iﬁ 1200.2 |1233.2 |126o0. : 1 .& 11336.3 [i1361.0
t | 358.5 | 403.5 | 458.5 | 508.5 | 558.5 | 603.5 | 658.5 U |395.6 | 4456 | 495.6 | 545-6 | 505. 5. 5.
150 z 3.0l 3.2 3.511 3.95| 3.970 4.19| 4.41| 235 |v | 1.96] 2.14 30| 246 2462 2. 2.91
Lt 3'61 4 :fl}a 14 IG 275.1 g 224, l“ : i1200.6 || f 4 |1287.1 12.2 L )a
o ©| 511.0| 561.0 | 6nr.0 l.0 : t 7.4 ¥ A . : '
‘155 z '2 9:' 3.1 341 %43 335- 4.06| 4.28| 240 “l' 39'-92 “!-19 ‘,;:6 54:.:’ ”;: I:I 2-;.5
.0 1200 . I 6 . [ 2.
3.6 | 413.6 463-6 513.6 | 563.6 | 613.6 | 663. { |399.3 | 449.3 499 3 | 549 699
60 |2 | 2.83] 307 330 3.53| 3.74 395 415 v | 238 -2 3
h 11194.5 [1224. lz‘;s 1276.8 11304, 13%35 6 i h m:’; 205.2‘:12' z:¥t 11‘”1 2'561 ‘22:30
0 | 446.0 | 466.0 | 516.0 | 566.0 | 610.0 .0 1 | 401.0 | 45).0 | bo1- . ¥ 1. I
165 || 2.75| 299 321 a. 3. 3. 4.04{ 250 |7 1.85| 2.0 52: ”L:s z.:'r ’2.2. 1‘2.;5
% l“o :8.. 2“'0 ’:6 '.5 ; 1327.1 |1381. 1.5 112 3 1288.8 |131 .3 [1363.
3 19.5 5| 5135 .5 3.8 -5 t ¥, . 2. = :
170 I 3 % 22.9: 3.1 3. 3. : 3.73 3242 255 | ? “i 31 45? ,‘: 14 ”:—-2 02-43 sl- ”:.10
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| | (—) WA/ FIRWRE v A
BOFPr K I = 2 VB4 v 25F 7~ ~ FROGES b
2 MR 7 @A BF =~ 7362 A v 2 VR -~ TR (Heat

power machinery) )3 = U7 R AT ¥ GEEER 7 KA

NVzVaTy | |
IR HR=2 ) R=p2rmcbiz 7 K& 2 T =R 7 EBX
P (Steam engine) Jg v'7E5 % — "~ (Steam turbine) 7 4
Bivv 225l v E5R 7 AT 20 7581v=  71%

(1) HEHEENES) 7§52 27 b %

(2) REEFIH  BBPIRE7 B K22V %
(3) By 2rERITER 27 %

(4) {ifi= Steam jacket 7R@E+ 2 v+ *

(6) 7&K 7% Cylinder =47 E% 75+ 7 ik € »

2NV E % i
(6) Cylinder ] =%#M (Receiver) 78— -

I e — . ' cylinder % 9%/ cylinder = A =%+ ER T A i
v A ¥ % )

HoyXBNB ) HE=TEr iR =KI KAX 7 iBR 7 RE

ANt 759 _ o -

B 9




=

(1) Gas engine 7 cylinder R=TErRBM gz o 7%
K=%FIL ) WD 7 BHn S 2201 % 5 A
(2) Air compressor =8y VR5E2 Nk w3 2 )
= R AT ¥ EER
¥ = 2 = HifD] = VRO
K =1 = BT1 87 BFPE = 1K) R IRIE 7 F = 10 2 » SIS0
(Heat engine) ---ﬂ TR R AE TV 2 b 7 15
Pl~oB v engine = [f) 2 VEEERAR » FA7  ~HSB 2 i
MIR e 2l A e B =R F VBRI L 2 B8 = 1k
YRy FE 7 M FEAE 7B 5~ 2 TrArYRY IS =%
Ev@JwveE) b2
RN = 8T 7 BB =R 7 47~ v 2 VR $5R 2 BT 7
FlE =P v > 2 2 = J*iﬁi1$=ﬁxﬁ’¥ﬁﬁﬂg=ﬂffi}*
Mok 2 R 7 P 2
(=) # (Heat)
BrWR=7T5xv7 [mirve—] ) —Fi+)
> 7 AWt 2 45 2 v 336 7 ol 7 W% 2 VBT 7 Tl =
EEX)V-'E/.:-'- yik/iﬁﬂ?ﬂww:r v#t'}
TR AR Bl = v 7 ¥ B v )
b/ i (Conduction) ig4t (Radiation) & v 83k
(Convection) /i ={Kk? 7B+ 2 32
(£) #JE (Temperature)
g b ~B R 2 AT 2 VR 2 Foit (indication) = v 7%

g < 71 P : 3

Rit7812 7 i o @rves oM REF Ve T
sAjAvE (24 vy~ 27T R 2AE) =7 XM=\

gt = 2 ) 7 ik v i M/ Hﬂ@l&laﬁw heat inten-

sity) 72/xR2 €72 7))

“-‘-—-.

(1) R4l (Thermometer) .o e lie
SRt ==m7 Y I EK MK EF Y.
BEIC 2 WREF=AE Y 7 ~KHEMETp 2 F =7 viK 7 WhEEE: 7
100° 3k 2 gbiREs7 0° b oIt 7MW 7 TS 7Zv it 2
Yy
Wk=fE Y 7 ~FMS) 2 F =07 K2 BER7 212° K/ i
WEE? 32 b+ oIt/ M7 1808y s~ by
R = L6 ) 7 ~PhEEs 7 S0° k2 MRES7 O° v v/ 7
80 %5 7HE 77
1K 7 4 (Fahrenheit) J e $§JC (Centigrade) JEBREHHYE /
=X’ mx@WEkE7
Degree C. =  (degree F-32) e
Degree F. = ilegree C+32% (L aoptae .5
36 2 AKRBERE 2 2 KB L7 @ r F vl 2 b ¥ KR
J boiling poit—2EF + v 2~ 7Y 7 S00°F. 7 jm % i)
2 =l e X = B RN 2 SR 7 Bk v #) 900°F. 55 2 G
W= F v 2 vz x Nitrogen 7 fn* KGRk 2 KW 7 4
I ABELEI KA arEsTY ;
R 2 7S % 2§l =% v 7~ Pyrometer g e@R® T )

.-
mm&«t PRI



4 # yi| #

(#.) #¥uE (Absolute temperature)

e ERTIN 2 MAA N )% > Thomson’s Absolute Thermometric
scale ={k»~ 7 =2

B/ MM BE 2 -~ 7 absolute zgro b 4 ik [= 4 v
Y=l 747 Y VERE € BT R 2 A e v~ i 3 B 9
P~ 32F. =jdr p 1 :Fo] / gas 212°F::w1- 180°
7iRIE 7 B3t =BEv 7 03665 2 volume 7A€ 2 + 0
WK 3PF, =¥y » 1 volume , gas ~JE 2 FTR=239 7
7GR B F i ¥EE T v~ v, B2 S A 2 R
JE€ 7 ~HMERRIE 2 % v 1B 2

M 737 WEAR 7 MrPRIUI 7Rz b 7B v
0.3665: 1=180 : x

Jt. » Absolute zero ~HIC, B 7Y 7 A vl 2 B
 459°.5 Practically =~ 460°F = v 7 R/ HE 7By 7 =
vodb s BELITF 213° 3y b2
= MRME 7 T ERH=KAIBIET t TR 7 Frs e
WK 2 HE 7Y 7 2 vor T=t+460
WK/ HiE 7L 7 A ve T=t4203
(X) #/ WAL (Unit of heat)

Mo heatunit 7Ry 7§ lle S+~ 22 = v 73 7 AL +
v 7oK RRERT Ry =B SRR
7H= |

KX =7 »27 British Thermal unit (B, T.U.) ¥ Py ¥

= .—-U‘___-';. !.‘t.’_"-& S -' o, W e ..__--' -":".g._._ A . ol - il -_-i- L‘. ——_ — —
L &

TR TR R, -, ~ -

e V)| L 5

¥

lpound 7.+ 1I°F. wr@avaBeosv - #it720y 7 &
Metric system =j = » alorie 7 =y » €aloric ~3k 2 1
Kilogramme 7 1°C. 4J§ 2 » =¥ 2 » amount of heat + ¥
i ~ 7 1 Kilogramme=2204 pounds = 3 7 1 degree C.= 2
F. »m»2012 3

1 Calorie= 3 x2.20L=3.968 B. T, U.

W=7 vk B RE=29 782 X r vy
7 BT.U /ER7IA7v=aPodt s )k 72 QBT

VIKY SR 7Im2ERA»v2 v 7Y, O+
1. B.T.U. b~ maximum density 2 ikfiggn # 39°F. ¢ 40°F.

2l =F»»iK 1 pound 7 1°F, iﬁh)"-‘-‘-%'ﬁ?}" v amount
of heat 9, I —Mif=-7K 1pound 7.v 32°F. a3 ¥ 212°F,
ChE7 E ey avzs=Fesvzrikik’ GA1H —
TRLY 7 —BHIREL b+ 22 b 7

(L) M (Specific heat)

Fl—TRk 7 45 2 VR P90 =Bk 7 7 W7 v = K = fl—
2L T ey — R %R Y

Wi > 7 IREERME 7 FelE ~Bint 7 8 = B = » %4k (Capacity)
=Ky 7 ERT ), k=B, Wi =R 7 ~ K4 Relative heat
capacity B # Specific heat > v e/, 75 v 2 BET Y £
%k RﬂbHGMI!ﬂliﬂﬂﬁﬂ-ﬂfﬂftl'

By nmas @RI MR RFT

WEEEr v 7 K, Unit weight 7 —@av=%2n

v\
L 7 :
r‘\l , ! " ?

\
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6 b 7 o

amount of heat 7fjav e + AR X =R 7 »

Specific heat is the number of B.T.U. required to raise the
temperature of a pound of the substance one degree Fahren-
heit.

AQ Frddt7 ~BWI 7 1 pound =j~2mb XX/

mﬁjg{tff tz‘t. + Y b L
Q

t,-t, =—-C——- or Q=C(t,-—t,)
m Fh =y C » specific heat 7 52
A

A 50[\ ¥ v Specific heat C 3 variable 7 » b %

Q=S&CM F9
g, s8R 7 V3L, Specific heat ~RK = 2 YRINV >
€) FA
C=0,24112+0.000009 t
B b % g2 R 1 pound 7 ¢ O°F. 29 100°F. SEiff 2 »
=R e 57~ REHGF T V0
()
| Specific heat »+ variable 7 » #§{
Q=5:: Cdt X7 e C /_ﬂ?ﬁ;ﬁy

Q = (¢* (024112+0.000000 t) dt

£* W0
ﬁl%ﬂ? +0.000009[ %]
=0 2 x 100 4 0.000009 x 5000

=2411240.046=24157 B.T.U, +
| N

ATl et e TR W

e y) | L 7

e gas o~ vapour kB M=~ RE=1KY 7
B2 li7R=2v=e) =i i v EMBN=27FK 2 v
k= voedl s Bii= 8L =23 Y= 7 ~ %L
H72F2a2 b M7 7 M~ v v L IRIEZ R
avab=Fllesvey, Rvp+BE 787 20
P RIS ) ) WA elh= ~REC 7 e
£ 7 C, » Specific heat at constant volume during heat
application 7 ;R 2

FoUmBA v =) W 7—E=R2xvax =57
Mkt v an b %R BEIRIE SR TR AT = 2
IR 7 F2TUY TN~ v B~ {57
Frz2=i R v 78 2IRET Lo vi s
=FHesriE s BR 2 =~ C F VK72 7
C, » Specific heat at constant pressure during heat applica-
tion 7 ;5 &

4 unit weight 2 {C 9 =T » W pounds =37*7

AR ~ ~
Quantity of heat ad\kiQ-:WI:: Cdt!
(A) MeJy (Pressure) o
AR = »J1 7 ~MET) v TR 2
gas { » vapour ={KY 7~V » !7]-"@5 (English
system) = 7 > pounds per square inch, pounds per square
foot, inches of mercury 3 -~ atomospheres =23 ) 7 g ¥+ v

A A T

WJ‘W‘* $ 4.
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X (Metric system) =} 7 » Kilo-grammes per square ¢. =7 Mt 2 WAL~ F (foot-pound) ¥
m. ¥ > milimetres of mercury ={Ky 7 v 7 ¥ - 5= 1pound ,TRIZF74 A 807 VL7 P8 7 Eifi= 1
WET) &t = 2 VIET) s RRETI A L~ RZ8L) | 7 pressure 7 foot 2 sl >y 2~ b x BY v 2 (¥~ 1 foot-pound 7+ Y
TA %) = v 7B (Absolute pressure) s+ gauge pressure - =AM => % pound =7{ Y 2 »RJ) +LHR = 7
FREMET Y 2P Y, Bl~oME R = Ty s T5 39 2 4R 2 T foot-pound WERL=M > Mt =28
pounds per square inch = v 7 barometer »" 29.65 inches of A
mercury 755 b ¥ 0 KEM /10D # Barometer Mo A =piston area in square foot
29.65 x 0.491=14.56 pounds per sq. in. 7 ¥ - P=mean effective pressure in pound per square foot
(RE) 0491 o T0°F, = mKBM—ILHM 2 TR 7R er e L=stroke of piston in feet '
YRS ' PRV
Y 7 #aBET) » total pressure exerted=A.P. pounds
75+14.56=89.56 pounds per 8q. in. + Y | . #k= work done by steam
— R = RSB HER = =2 W) 2 AL~ pounds per square =total pressure x displacement
foot =755y w2 b A =P.A.L=pressure in lbs. per sq. ft. X volume in cubic
() %H% (Volume) foot
AR (Specific volume) » ~B T » RALER =) 7 % (——) I (Power)
IV SHER BT ) WRILHRA AN [2—2~] =4k) 7 Power bt~ i, F ¥ A BF
K¥EMT = » Steam 1 pound , %5H5EN 73k » Specific ek = 7 » power » WifiL b ¥ 7 Iy (Horse power) 7 Jjj
volume=26.79 cubic feet 7 ) 2—JEJ) + » 550 pounds » ik 7 —F M = —IR AL E(L = 5155
(_..g) ik (‘wm-];) | AR e W » power 7V, (K FRBPBI NV v foot-pound
B~ A~ K =1KY 74w v 2 5 v 2 vl WL fLS8 7157y =04 v >~ b eoe 83000 =7 ZvIRAN

( displacement) l-;ﬁ-i v7I§H = MWNR, =2 79, WX FER

s
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Metric system =}t > VB watt + v M 7—5J1~ 746
watts =28 »

(—=) K1 (Indicated Horse Power)
ﬁ%j’ */V;ﬁ-“ (:ngine cylinder maﬂi gas x.n vapour 7

FARB MBI RTR A 2 2 2 e S0 %2 = v 7 R
=3 ) 78lHev

A =effective area of the piston in square inches

| - O P

total pressure exerted on the piston=PA + ¥ m 7
L=length of piston stroke in feet

| - S P
Work per stroke=PAL ft. Ibs, e 3

W= N 7068 2 v =F 3 154 2 A
2. PALN foot-pounds 7 5
_ Work per minute  2PALN
R =g
—=) #ihl§J)(Brake Horse Power)
BIGT) b ~BEME 7 7 > 228 2 = PR 13V 7 power
v b

Bl # indicated horse power—horse power lost in friction=
brake or shaft horse power

Bt 7 ¥l )~ friction brake , —ffi + » Absorption dynamo-

. I— - S—— - - . -
% *b - L F = L L - -

# 7 P B

meter ¥ >+ Transmission dynamometer ={K ¥ 7§l v 7 v
fi] v » dyvamometer =Jjt7 €
F =effective pull in pounds,
L=Ilsver arm, in feet, through which the weight is
exerted,

=number of revolutions of shaft per minute,

F A VA

B.H.P. = 27 FLN

(—g) # 7 {t3iEit (Mechanical equivalent of heat)
MR vzrfifir@do 2rv®8Er 7 ll=—E2RR7
VIR 7 B/ ERER B IEE ] U ERRA
English system =} 75 >
J=1i8
B~ 1 B.T.U.=778 foot-pounds.
Metric system =j}d7 >
J=421
&~ 1 Calorie=427 kilogramme-meters. 7 J
ﬁ’v_-} # v+ 1 Calorie=4.2x107 x 1000 ergs

_ 4.2x10" x10°
981
| " %«10°? 1 1 - o
= jov X 1o+ kilogramme-meters

_ 42x10° 127 kilogramme-meters
981

gramme-centimeters

BOHPER ] 7 X¥M7 A U E~R
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= T &= »*_1“_
;'Eﬂ— 7 A 778

- S N — 1
WRa2s A=on
(—1) #I% ./ B—i:0 (First Law of Thermodynamics )

RI BRI 2 MR 2 —2E F M BUR 7 3 v B 3R
>
CB—EN) BB (=3 vy~ r ~H=fiRzay=
?ﬁW%/=v5ﬂﬁﬁ§§gzm&=mi£/§¢=#v&
PRI MK =B 7 ~F—RIE 722 7 10 7 82 2
NVNEIFY

Heat and mechanical energy are mutually convertible and
heat requires for its production and produces by its disappea-
rance mechanical work in the ratio of the mechanical equiva-

lent of heat,
TRE b7 LR 2 v Y EIRASIES + 387 MR =P8 v =4 »
X—=] Rk’ FMIBReres > |
(=) #I17 B_ikR (Second Law of Thermodynamics)
Pt A7 R =R v el 8T o BEE 2 A
il =Bl ey a vz pRBEFY
787 = MR A v B 2 = ~ BRI 2 RF Vi 7 B
2y 1l v 7 B~ 2B Ry |
e TR 2 G 9 K SR = FIAR =BT A v K
IR IR A=T75F v ozl ana k-~ X
®qR 7 ZeER» >INV 7)Y

b b 3 13

E R (Selfacting engine) -~—dpiflh = ) JiLIE - ~ iy
ﬂ-ﬁﬂ?hﬂzw-—' P E X
JE 7 R~ RSN (Heat engine) =4 a8k + 4128/ iR =
Wi 7BRATF 7 HR7 R~2res 7 )
Wkl =79 7 37 FAS T = MR 2 v | = 7 755 2
W22 = v F 2 epb/ dkM=1kY heat engine = (&}
ZvapyRa B =R 2 fBresr=7 370K
2 BWAd 7 < PR 2 LS = §R v 5 v KERS B~ AR
By 2P IV I) TNV PRI T
(—Lk) ¥k, W (Effects of heat application)
Q F It 7B 7 PG = 7 VIEF K728 ¥ P8 7 R~
(1) RE, k5 '
(The temperature of the body will rise)
(2) %Ki/ 8
(The volume of the body will increase)
(3) SMBIEE VT HERE
(The body will be capable of doing external work )
VDR 2= 7kvvawvzs=Reny B} 74 S
VW 227 2
S. i 2 3RTH = R = ~H 2 BCED 7 ik 2 fa
B kR evarB s =2RRe 2o~ Rk
V. k= e x5 BB =42 %= 2 I (store) |
A B 5 =R W= 2 2 7 E 3 v xRkl )

LEN




14 il 71 L

W. SNy = 4T # i # 3L 2 volume 73 + 2 ~ SMEB4E
W7 282 =Bl 77~ Fik
7 RAERAR) =V T

Q=S+V+W F»M& 7 i =
S bV b f=JlH=FE2r/ REF 27 S+V ~}f [ =
A= 7MriBa~3)—BpFrr»702 7 7 BB
[=4 7%~ | 2N (intrinsic energy increase) vfE 1 7 1
P TR, A
—We =W VIR TZr 2 ALY 7 > A NER 2 70k 2 o~
Fvariifr=»R 27Uk 221+ 715
(7MY 2 l)=(A8 [ =45~ ] 230m) + (FHBH:H)
7 dQ=dI+dW
o 0= flrate fpav
XU 7 AR AT Y
A [ =4»x~_| 28t (intrinsic energy change) S:t dI
Wi 2 WyERagARIE (physical state) [ 7 5 it A% 58 5K 3L
~RHEF 0 = 2 ) B v hsAE (7 pdV o work diag-
ram , curve /2 JEAREN 7 EPMRcHE 2 Aidk= 2 ) TRBE 2 v =
7Y :
N

(—/\) F#LIEW (Heat engine) oo
Heat engine b - (M5~ SRAMAR 2 4f 2+ heat energy
7 oAk = Wi 2 @Ik (machine) /@ Y
o] 7 &~ heat engine =} 7 e 7B =l v » b ooR X

# v .3 15
ZH. =8k Z WA ke sdidilp ] (working substance) 3 v
T 7E=
M 7867 MRE ~#IIBA 2 B working substance % » gas
X~ Vapour 7 W) 7RG = G = 831 7 24k 2 36 7 {5 R 9EHE =
B r 78 irev s omv~s €2 =y 77 iliRE-Kx 2 —Hi
=A== 75
W—  SBEREE = Kk
WREE - engine cylinder 2 W= 7P4E ol /&= 2 9 5
BAyvv 2 53va v B (wall) 7§ 7 working substance

Gi# heat medium ={§ilf 3 2 5. jfij~ 7, working
substance > reciprocating engine ¥ v .+ piston, steam turbine
7 v vane ¥ blade =B ftiz F 22/ =v 7,
FHiE=BA*%)=»

(1) Steam engine of reciprocating type

(2) Rotary type or turbine

(3) External combustion hot air engine 27 )
B~ steam engine » Hfr=3k7 % 7 v Rk K MK
EWi7 B~ A =Rk 2 5vZv=3) §B4E
v 2 A3~ MEIR 2 R B 7 88 7 WA = = 9 K+ » working
substance =B+ v 2 5, WIAIKIE 78BL 20 = K5+,
WEEATIK =N~ TN v b %K FREMES) =50 7 B =SB
VA2 v B4 v 2 VIER AR BT, BRAT v 2 R
=Tmv=x Bz;r? ¥ 7 engine , piston =fEWj+ v & voofk
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$?1‘3:~: b ?ﬁ
W= RS = Kk

7 BRGG [= 4 ¥~ | = MR 2 il 2 Tk~ BB cylin.

der L »» communicating vessel =R 7 XL ER=2H
FTMEE v o~ 23 7 BB (product of combustion) 7 ¥ 7iff
$% engine , piston =B ¥ 2 v EEFY

M2 Fik = 2 »~ e, =~ gas, petroleum Jg v alcohol engine
7 9 7 B AAKEE. (internal combustion engine) g€ 3 &
eIy

(—h) #HEMW ~ $20% (Thermal efficiency of a Heat engine)

engine ={fiix 7 v 2R Q, =|AMIE=Hike > vy
(A W) 7} 7,3, heat engine » thermal efficiency b
g =

B # Thermal efficiency E=2: W

iy & 7 Wif3k » fm 2> engme -"-'-ﬂéztti’vﬁﬂﬂ‘“I/“MB'
? iftfi=§iRe v a2 o=k o F= 13
Yy =TT

HUmE (—)

(1) If the specific heat of a substance is 0.65, how many
B.T.U, are required to raise the temperature of 10 pounds
of the substance through 10°F?

(2) Convert—40°C. into degree Fahrenheit. |

(8) Change 350°F, and 150°C. to absolute Fahrenheit

fat y) i ) 17

temperatures,
(4) Prove that the weight of 1 cubic inch of mercury is
equal to 0.491 pound. |

(5) If the barometric reading is 29.2 inches, change 140
Ibs. per sq. in. gage pressure and also 27 inches vacuum into
pounds per square inch absolute pressure.

(6) One pound of fuel has a heating value of 14500 B.
T.U. How many foot-pounds of work is it capable of pro-
ducing, if all this heat is converted into work ?

(7) A heat engine receives 100,000 B.T.T. of heat in
the form of fuel and during the same period 30,000 B.T.U.
are converted into work. What percentage (thermal efficiency)
of the heat received by the engine was converted into
work ?

(8) A gas engine receives 20,000 B.T.U. of heat in the
form of fuel and during same period 3,112,000 foot-pounds
of work are developed. What is the thermal efficiency of the
engine ? '

(9) An oil engine uses 0.74 pound of fuel per B.H.P.
per hour. Calculate the thermal efficiency of this engine if the
oil has a calorific value of 18.600 B. T.U. per pound.
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W SERNNE 2 T
( Properties of Perfect Gases)
TAGRI =58 7 26 7 AL = Wik v >~ 2 2 = ~5ERSHE  (perfect
gas) X~ @K (vapour) /4Rl = 7 MMMEMI (working
substance) Bﬂfﬁ\ﬂy (heat medium) 7.8 p =
JESFWET 7 16 = B 2 MR = T 2 ER 7 v i B
IR CEBE =R 2V =2 7 2
(Z0) i (Gas)
W7 SXRAEr v 7 2R k=7 He 57, Wik
? BT T v e s Ty, GE 2 8L 7522 v 2 RS R
IE (gas-eous state) = {f )7 Bl (fluid) PEFEANT B

P A

iKY 7 GEMiTES (point of condensation) B = 7 %1 58
i r R )=2752

Oxygen, Hydrogen, Nitrogen, Air Jg v* Carbon dioxide 1
%2 ~ERRA KW Y '
(Z—) 7&#BX (Vapour) F
Vapour b i [ 7 IS TRESR WSy 2 8900 = =2 9 5 = ikl
=83t ~ V& » Wilild (fluid) + 9 Bk 2 vapour + v 7 2 Rijf 2
PR (steam) v [Paz=7] 3+
(Z2) SER5NE 2 WJr, SRk e BEMRE (Relation between
Pressure, Volume and Temperature of a Perfect Gas)

e ——— R — L — S—_——— - i —

i

& y) ] H 19

W7 2 BB = 5 7 A R R B =2 ) TRITE v
2 v 2R 22 v BE =1 VEERE =
B2 2 RE=Kve s =y g7 KiE7HRE VS
?ER=BEAre)=T X

Fig. 1. M—E=nAE”? €2 K2/
Coanaction %o Air Pome 707 K vz v jacket 7
A7 37 BB =257 A v

,/ “”’// 2ty

e =98 2 W@ 2 g~ 32°F. +
wab~laFrY

i & 7067 38 7 A = 5K =
BRI T ) 73 W~ 1BHRF Y oA

Bl 2 dm2 %55 P x28 7 JK# =) 20K, B0l = I~ B5 T
2 BRE 20H W= v 7 RETF 7 BRi=F2 v 2 riill, %
2 MRS~ RER R, E=Fr vz pBig W b2 =§
-4

4367 @Ak 7 100 pounds b+ {ESE o Weds LB 2 BHi 7 ~2ER
WG = 7 PER o M =427 2 ) b v IRETF 2 K2 %2 VI
J1»+ 100 pounds per square foot F »Hf ¥

=W7ERE W FHM K =M 2Ty 70 200
pounds per square foot 7 7 v 2 J v ice jacket = a 7£q
?imfE 7 il — = avt ¥ REALLER2 ) 1R

{ -

FH P ERIT &

R - e — g e e — e - - -— --\—-‘---u-'__'—-. - — —— — - Bt e S lee— - — -




20 P 7 3

) IRETFMEAV IRV 5 v
PRUJEIRIE 7 —5E =R 2 ¥ b %50 R € 70 > KSR
2 157 A BB e > b 2 R 7 A X 7 L7 —SE AR
RRGEIL 2 SN 7 g A v % 2 = » 200 pounds = ) KF»VE
Z2mzvr 87 )
K== v VS 7 50 pounds = v H 237 RE
7 =ff 7 b %~ piston T EH# LKW =802 MG
Wi% s k3t 2m 7 HAE] v
Yk 2 TR =K ) 7 WEE 7 — % =k 2 B§ -~ 5K 2 WET) b 28R b
) fi~Hs =—3E (constant) F»= b 7Hm - viff ¥ 7 Lk
) B =H 7 4G 200 ftlbs. =5
M2 3§ 7 Boyle’s Law =3 ) 7l 7 vy v
Boyle's Law., If a unit weight of gas is compressed or
expanded at constant temperature, the pressure varies inver-
sely as the volume, or the product of pressure and volume
remains a constant,
SR T IERR € 7 v > 2 XA+ %3 RE—E T VR
Rl 2 SE08 7 4585 Wy = BB A 93 2 v~ IEJ7 R R
IR =—ERT )
3¢ =

P, V,...initial pressure and volume

P,V,..;ﬁnal pressure and volume

. y) | 5 21

p R v PV =P N, 79
— i = AL = 7 R ¢ TR = =~ # T L 2 ik
MK 72z~ 7 v
(1) —EWJy’ FT=175Ki’ R~ 7 vz i’ 5K
~ T = IEH) =
Under constant pressure the volume of a given mass of
gas varies directly as the absolute temperature.
(2) —RER =7 R, R~ 5 v 2Rk BRI
BRI = IEIE B 2
Under constant volume the absolute pressure of a given
mass of gas varies directly as the absolute temperature.
L 7 BAMN i3~ Gay-Lussac’s 3 Charles’ Law b B
V)2 TRIUTFRe "KM

With pressure constant,

L

. e o
With volume constant,

_Pn p— T1

P, T,

My V,,V,..initial and final volume
P, P,.-.nitial and final absolute pressure
T,, T,---initial and final absolute temperature
& =3k N7 BW A vooX 7 0y
S ~—EM T 2 = v =8 e 7 vl 2 BSRIE BT

[ -

.- -

- — em—
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i m =

4 V,:-volume of a given mass of gas at 0°C,

Vi ---volume of a given mass of gas at t°C.
FA v V=V, (1+t)
Arp X ~RRB B o 22 = - 2 ESS=
M o 2 VR IEFE =T 7 vER = 7B 2 BT Y
PO 7 R

1
e-g—__-T),z—S— for Ceuntigrate scale

o = _13)2 for Fahrenheit scale + 9
Ky 7

T YR .1, v o"'*C. 7 absolute temperature = 7 ;53

Yvamwh ¥

T \ Sl
WENE Y T
....H_-_-_
T,T,---- initial and final absolute temperature
V,V, oo, intial and final volume
* VI —— TI
P A v V. T >

K= 7 BT —E=RFZ T2 | ¥ 37 W)~
Mr~<2{ifE 1° 2 A =82»MEF 2 807 -~ o°C. 7 B§ =

TSI 7 A TRREA M v ¥ R RS I-S"!m*ﬂ
= PRV~

(

b 71 5 23
kv 7 P,---absolute pressure at o°C.
Per w " W . 04
R Pt=f’,(1+=<.t)=Pﬂ_.:ll,.‘__.
Y 5 W | “
e i
— =
P,, P,.-.absolute initial and final pressure,
T Ty " » »n temperature,
PRy —gl'- $’—'—

1

Charles’ Law 7 i ] + 2 » ¥
AW 2 BRI AT v Jr 14.7 1bs. per square inch absolute
=y 7 G0°F. + v§i7 v

(1) —EMr, F=i7 120F. LM rls2m s %/

ZE R
(2) —XEAW =7 120°F. ZREs /227 x 2 N
. ]
vn e T; % 2 L, 60 + 460
B v=1- %27 v=po1am
V., =223 cubic feet.
'Px e, T:
*ﬂ' _"P‘ T, *’V”‘ﬁ
147_60+460 . o, _ ' ,
P, ~120+460 - T »=106.39 pounds per square inch
absolute.

ZZ) [#®4m]Rkel? Y= 2 1R 7 §ifs (Combination of
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24 b 71 3
Boyle’s and Charles’ Laws.)
- vl - Tl P: i Tl
P V=PV, P v,

F vk AR =y, variable VR—7—E7 =7 + v’ =

B2BE7E 2272 VIR BER=ke»  BEE T

YV Ey—ME=» PV.T. k=B rvBAEZ X707+

jt» P.V.T. Jk=8E 2 VA =17 »RH 7 B kL

iR 7/ ANV Y=V T RANV2 P TP

A P.V.T. 700 73 2 5%#¥) s pressure, volume J; ' tempera-

ture 7;rv P,.V,.T,. 27 4R/ RE7 X - T v 4

KoBA=WE T, 7—E=R+EN P, 7. P, i

IR eHERM V, 7 V, EBE v 2 2 vBERIF7 vy
P,V,=P,'V, .~ Pt=— P,

K= V. 7——E=ﬁ‘=*ﬁ71; P, ay !Pz =mE7 T,

a) T,Ebey 22 VR 7987 vl —ET V7

A
AT g
__T,P/
ms P, T
P! 7R =Wi=B2r»EBER7RKAR vy
RN 03 PR A, 2
P’ Tlvl m* Tl. 3 Tl

PIE7’ equation =j» v P.V.T. »5{j} simultencous
condition 7 2%, F¥F=KR/ 7R ¥X=2"
FiRA= 71§

% 71 L 25

W oo PN, P;VL__
--,'rl T; = T, a constant

’h/ constant 7 .+ R 7]35‘%;\{;\'
—f= PV=RT
A, R - gas constant e 7 v k4.8 =Bvrx=27

i

-

Y

Bl. KEMES 2 F =47 2000 SLHR BEW7HAVERT )
B, KB B> 288 ir= v 73, @E~ 40°C. 77,
R+ % ~BEHEE2 $50E 2096 By 7Y OCHZIRE, TH
vanvh 38R/ B BF v F v

P,V, Ly ¥ivs - y
AR T, i st
28.8x2000 2996 x V, 2 V,=1676 3L AR

404273  0+273
barometric reading 46 = absolute pressare =2 MEF ¥
(=) 52588 30 (The Law of Perfect Gases)
PV=RT # » equation 5225 7. HRR i)k 2
HRRE7Rx2=e7 )
A B
V oo JEER (Specific volume) G0 #REBNE) P SR T =
o S BRER = 2 ) T2 T B
" Reoofoot-pound §ifif = 7 7 ¥ v % & gas constant =
v 7SR EER e e S B =2 ) TRF N
."*3_
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Jt » gas constant R ~BAARIB=1R 7 »F0 7 BIERE v
mE7mv.y PV=RT pR=a)iRarv=2178
B). KBSy =4t v 32°F. » 725 1 pound 2 i % 2 58K~
1239 S BR 7 YRR =Rr» R Jffi7 8l v =2
B Pooee KEMESy (14.7 x 144 pounds per square foot)
Vg-+---especific volume of air (12.39 cu. ft.)

Tg4+-+---absolute temperature (32+460)

o PV,  147x144.x1239 _
P 2w R= Al 39 +.460 =53.3

fiv7gk”s R -nniﬂ/ SIRLER v —Z Sy :F-’-ﬂ’“* 2
vighe» ~ BRRIE—JE 7 LS8 =7 9> H@-~+ foot-
pounds per pound per degree ?ﬁni -7
ED 7 5o® » it =M~ 7 PV,=RT,
Bke 2 Bl =W 7 PV,=RT, bxuse
work=P(V,-V,)=R(T,-T,) =&
T:=T.= 1 ke R=P(V,-V,)> »affery
Bl K 200 [E=j 75K » 1 pound #FHEHR B4
¥ 2 p R3] BT+
W =Rl 2»R 247 B

P;.U R{l = 53.3 x 4&“’""” =MM

pressure by gauge= ?‘T 14.7=34.2 Ibs. per sypare inch.

] 7 e 27

$. 60 pounds per square inch by gage .~ A 7 4 = » 100°F.

s 459 3 pounds 7 93t 2 Gl MR 7 > 2
M PV=RT sx{==)

v=_RT _ 53.3x(100+460)
-, 144 x (60 +14.7)

=89 cubic feet
R 75l 2ov=] Y 7 »~¥ 7 SHNEAL 7 Jo@ < Y Bk & A v

v
E=Ma FrFR@=R7 R 787 MR x vk s fnv
Kind of gas, Value of R(C), Specific volume {cubic feet).

X3

Air 96.0 1239
Hydrogen 1382.0 1782
Oxygen 869 11.21
Nitrogen 99.2 128

DE/PlE=R7R2 2~ R 7 li~EKs — pound ==
»vesFvaf= wpounds ) ER=Wy 7~ wR Y5
canstant + YNV » F X '
Ky 7—Wx» PN=wRT
A P =absolute pressure in pounds per square foot.

V =volume in cubic feet,

. ' I d I h ’ i
R= “gas constant” for ome pound of gas in feot-
pound units,
. o
3 i_%'-:‘y : - X #E"
LR LAY N s e R Y T
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T =absolute temperature in Fahrenheit degrees.
2 PX=wRT 7> » equation SEEERS = e

NS ReiR)E ) GE=-R7 ~Z2ER =Nl Rres T

)

SO 2 $158 k 2 RIE 30 2 M 28 RGRE Wik v RT o8k
FvogR=farar 7@ 2ARphsr W7mv g, —7R
IV AR L L

(=F) Sit=%2vm# ¥¥ (Heat and Its Effeet upon
~a Gas)

A (Q=quantity of heat imparted to a gas,
'* dl=intrinsic energy change,

11

:: pdV= external work done, \s‘é*

B R =R 7m~ 2 05— TR A= =
yrE vk I~ b ¥ o3 BERAE [ =4y -]
78 m=» l-k#ﬁﬁ'r-frfufﬁl-ﬂ&!?tz%) Fma
P7RA | |

Bl # Heat supplied. ®
—increase in intrinsic energy +external work done.
My fizlhRK=v7

Heat abstracted from a gas.

b3S y) | 2 29

—decrease i intrinsic cnergy + negative work,
+ 7R 7 4¢ 2
=) SHiE (External work)
SHBAESED 7 50 7 ME = 29 7By~ AR~ EE =T
JimZiMAry= 78
Fig. 2. HvE@y—E/ N T
=R gRAVE, P AV
R =1 7 VDR
BC F 7 mh{- AR = 1K 7
BY vl Fogi A~
5%
OPAR Y 'SP B
v- B &= ﬂ&ﬂiﬂ/ﬁ
Mo RiE7T PN, vy C = mr;vmty.n- PN >
Ll 7 e ~lighih piston =i~ J) P, ~—EF N
3" © SRRy dars o0 o L A N
work dose=P,(V,-V,) 77
M7 BCHTF 2 EMBEZ A 7ZUFE A 2~
| ‘V::V:_awe valu: of P, #~v70l7
workdope_v"v x (V,-V,)=area A
FMHET Y -
M2 FiEg o kiR 2 A 2 m2 BCBrififh7»~ v % 30k 7

B P AA I A LAY, // IITTT AN X

- 5
%
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30 b 71 %
mzhgg 7 b * e HRAE=EL2VvEs F

(=t) A# [=4»5x—| (Internal energy)
potential energy +[l— 7 il =5 7 gas -~ vapour
A» heat energy 7 ¥ [ = 4 » &'~ | (internal energy) b
W27 [ =3 mvX— | ~WH 7 BB =474E 4t = B8 «
¥ Hf= ntrinsic epergy IV =2 b T
SRR =T~ 7+ 23 B E=BHE 7 7Y
M EAPIS T v EVRIREIE I BRA =R [ =4~
X¥—1 b 7lF~Fm7 s =7 7 I 2 T IR o NBHER
7T A2BE=R7 /AW [ =4 rvx~] ~ll~5v 2
rB 2R EAL B BIMANE S, 7Y
W7 A [ =ipox—] ~SRX~BRR R 7 B0E B2 =
Haw [=dvx—| VERANV =+ 78~v, £ 7518/
HarvAl [=arx—] ~MI/ B8 = 7 14k 78k 2
H=-Ki8, 1pound =f5FE 77+ 2
/Wi [=4 »%~] 78 =C.dT (in B.T.U.) #
(Lo

FH 7 —E = R 7R T M 2 B = Sl TS
73 vV IUTH 5 v 2 B3 7 B P8 [ = 3

;w—-_] Py TRE~ MK TR [ =4 x| =il 7

O - wh =
- A

B=C, TRar?E=x
=R »%¥ 8, T pound ZNIX’IREZ .~ T, 27 .T,
ZR A2V X=2F
P (=4 vy~ »8m=C,(T,-T,) >
R=7 M~ 2 v 2367 YH VBR N BHB 7 B2BAET
BRev=Rvih e W) 7 T=R78v 27t 2 rEll= v
7SR R Y v 2 p L ERD P IRMARE o W =%
A5, BRI 7R Y EMSy P s F=R+H RME7 T,
=) T, igr2m7=er + vH 237 initial J§ v final volume
7 V,V, bR w2

W~ 3 v rikig=C, (T.-T,)
= ' F | |

PR 7 SRF ¥ v 2 prfR=P (V,-V,)=R (T,-T,)
k|
iKY 7 ) F=Be5v2rv@=Rrm»

A [ = 3 war— | 2BM=C, (T,-T,)—R(T,-T,)

=(C,-R) (T.~-T,)

L 4

Ty

(ZA) [E=~2» ] %A (Joule’s Law) i

*TMRE e v 2 XM FRIBI TR AN F ¥ (8
IR [=irx=] =rBit7v) R, BE=BEF* =




32 # 7 o

-1 BN RN TR Y IV TERE TR
varR=yv 7R vEF Joule K XM rHB=IK) 7187
v iSRS Y

Fig. 8." #E Joule T, W=

= 20 SMELL L 2 MERZE
Ro2FK2v2ZvIRETNV
BRA=HKev2 %)
i 7 eZas C 7/
7 =5kx FKMA 7 K7 @I RE 7 ¥ C 7@ *
7SS RSN = il v 2 M 3RIE e K7 HTE o IREE 2 FHl 7 47
ez =30 7 B = gt v 2 vk 2 R R 2 s A
=7 ~ERE =L 7Y vt 7RMIRE )

B 2 BAMERAKE 722 v v 2 B SBHE7 7 ¥
w7 DR Nik=RIAAVAR [ =4 ¥ —] HF
2R 7B 2rv7 3 F VIR VILIRE ~FBF &
HFES AR (=i vy~ ~B={ljE=,32) 78 ¢
NER 7 BB =W 7 ~EWR, =2 Fr =1 7BELI RS

e olRIE 2 BME 7 R NI B SR 2 9IS [= 4

VE— | 2 i IREAT) 2T 39V b 7#EL)
i 7 Joule’s Law »~&/im2zRk~7»

R 7 - 33

i —

The internal emergy of a givén quantity of a gas depends
only on the temperature.

1t 2 #% Lord Kelvin B Linde W%, S8 = = VN8 ~ &%
RAPDE/ BEHEFresr=75 v BB Nith=57
=My BIEIEX V=2 7B L)Y

M 2 L)% 2 &3{k »~ Joule-Thomson Effect + & 7 i H¥ +
),

=07 R e E2R =7, (FiE=0>) +iZx
Bor~2FEE’, Kilt=WM 7~ ZR7V=sT)
PRV ILE D 2 RIEARME 7 2 v o TEEE 2 SIS YA = 522
SH¥pBr=res b 2Bl 2 B 7 R Y 7 B
JERMI 72 2VvE) T )

Wik 2 2 S 2 AT A Pl [= 4 v x— | M= 2 2K
) SMBAVE s =7 Cp (T,-T,) F vl [=4mx—|
sl v hiE=23 ) FHe I vy 2 ke 2V
s [ =5 7 302 K © Ty 7 Ay = 4 v = IS = IS
BEF2H=T, ay) T,ZiR)E 8L 237> P37 3
A [ =4 vx—| ~B3ft2r=sF)

(=) Hedk - ENPER b 2 Bk (Relation of Specific heats and

- EMS) F25 wpounds 57 T, 29 T, &=

P i JE L
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PiE#k Q=wC, (T,-T,)
JERM F=1R7 wpounds » 7.+ T, 2y T, oy B
ZM XN [=4 0%~ 728005 =5 4 2>

wC, (T,-T,)
K=REMT] 7 F=R7 578> 2 7B5 7 BRIt 7 57
7o VNV, PYERESNZ P PR

MMEEhSEE, M= 29 5By » {5
=P (V,-V,) foot-pounds = F(Y:=V2) g 1.y,

PR v = heat added

=increase in internal energy + external work.
> 7R TNV N =
wC, (T,-T, )=wC,(T,-T, ) +-2(Vs-V,)

778
XEE = Jnrvim 2

P, V,=wRT, P,V,=wRT, vl 4
JE 72 R 7 KA 27 b %o

L

wC,(T,-T,)=wC,(T,-T,) + w__(_ﬁ_L)_-R T,-T

4 R
ep 7 Cp_Cﬁ+-m

VUl k7 equation .o‘:.:?/ttﬁ) 7= » gas constant R =8y
¥2 b ZRAf v 78/ R » foot-pound Hil=7#M= v
”EBJJ/T‘ﬂ?K/M?‘—!I&yP *%#8~, 1 pound

b2 7 L 35

=a VR BRIV HBE =B x<,7)
Bl. =7 ERE# C,=02375 B.T.U. = ¥ 7 gas constant

R =533 foot-pounds 7 9 A5 7 Rl v 2

C,=C,—AR = 0.2375 - %:0.1690 B.T.U.

(Z0) Wi# M (Ratio of ;Two Specific heats_g.L)
perfect gas /ﬁtbﬂ/ttﬁ'ii’in constant )‘-—-&:. T 707

Tty i‘ug)
LR L TR
b e o AR S
G
Lo e . w . AN
R C#_Cp AR - » 1_- Clll "'—é—:—i
AR e
1=T-= W? =145 39
. ZR=1) 7 »

Cp=0.2375 B. T. U. R=53.3 fO'Ot—pOlJﬂdS

F9, BR3-T 2l

| 1
Voo = - =1.405

| C, 778 x0.2375
.C,=01690 B.T.U. gv R=533 7Hmyax, 7 72 »~

=

s 53.3
T=1+-5—=1+ g 01690

ER=B7WER 7k A constant =~ r7 K +»7
Eor A R

=1.405

(=—) H# i (Values of the Specific heats)



36 H y) | 2

IRENERAE TR & LIRS~ Hedh = > Regoault &/ §i ¢
2B iR =av 7 08 kI v s Hik T
M RehE=R7—Efi7z7AA2Aver I V2 b EIl€ 5 v
V) v NGRS R ) WA e RE 2 ML =R T 2 MR T~ =
b7EER Y, ks Mol M2 R RTIBE =
Y7o TR IR A= T v
2 v IERHREER = W v I 7 @A v e = 7 ~ 32 1B
2 T E =TT v = 2 F 7P s Tl 7 4l -~
B fFRF v = 2 F v EOE 2 R IR P v 7 WA~ 2
F¥NMEIFNV2 TUBANVTIRA (B—REBR)
HEREZ)

(1) Air at constant pressure with an initial volume of
2 cu. ft. and temperature of 60°F. is heated until the volume
is doubled. What is the resulting temperature in degrees
Fahrenheit ?

(2) Air is cooled at constant volume, the initial pressure

is 30 lbs. per square inch and the initial temperature is 101°F,
The final condition has a temperature of 50°F. What is the
final pressure ?

(3) One pound of hydrogen is cooled at constant
pressure from a volume of 1 cu. ft. and température of

300°F. to a temperature of G0°F. What is the resulting

b 7 B 37

volume ?

(4) A tank whose volume is 50 cu. ft. contains air at
105 lbs, per square inch absolute pressuref and temperature
of 80°F. How many pounds pf air does the tank contain ?

(6) A quantity of air at a temperature of 70°F. and a
pressure of 15 lbs, per square inch absolute has a volume
of 5 cu. ft. What is the volume of the same air when
the pressure is changed at constant temperature to 60 lbs.
per square inch absolute !

(6) How many pounds of air are required for the
conditions in problem (5)?
| (7) The volume of a quantity of air i1s 10 cu. ft. at
a temperature of 60°F. when the pressure is 15 lbs, per
square inch absolute. What is the pressure of this air when
the volume becomes 60 cu. ft. and the temperature 60°F. ?

(8) How many pounds of air are required for the
conditions in problem (7). ?

(9) A tank contains 200 cu. ft. of air at a temperature
of 60°F. and under a pressure of 200 lbs per. square inch

absolute.

(a) What weight of air is present ?
(b) How many cubic feet will this air occupy at 14.7
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Ibs. per square inch absolute and at a temperature

of 100°F. ?
(10) The volume of a quantity of air at 70°F. and at
a pressure of 14.2 lbs. per square inch absolute is 20 cu. ft.
What is the temperature of this air when the volume

(11) " If the specific heat of earbon diowide under consisist
pressure C, is 0,2012 and th: value of R is 85.10, find the
value of the specific heat under constant volume C,. '

(12) How many B.T.U. are required to double the
volume of one pound of air at constant pressure from 50“!:'.

\'._ assuming C, ofairo.@

- = o | "

—= — Ay ey N —— S — - _.':_ T - i T T——— ,
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W= SR 2 PR v NG
(Expansion and Compression of Gases)
S 2 MPIR R v R = B0 = v R
PV=wRT g
=N P. R V. RiRJE T. +»=2 2 888 (vanable)
T IKY TR, R~ 5 v 2 /TR =TSR AT
»78n I (- BR=-B=ETIRar=+ 7
PR (heat engine) / EWHIFFR 2 =] ¥ 7 ~BT) + B
SRR 7S = v e BB S ) A MR (P-V diagram) /
Bafe s s Bli=Kkves =78, {ERE (nd-
cator diagram) -~ §iiMi2% (indicator) b=~ BRBRAYEE T
=3 Vi k=Higt 3 v P-V diagram =4+ 5%

Fig. 4, ¥ 2 P-V diagram , —pi
>SN =R~ i % = /
>y, Bk Ba=-R7
AR e v R -~ — 2 W
? F=R7fr»»> %7}
" veme e’ " 2 | o
e WA b diagram =jt7 R
G By~ By ~ BRI A
H=P~ 37 vzl 1 pound » B Rk 4B » diagram |
=R7 PRV, =a)7535yvarvzes v/ BIP -~




0 #® T 2

BOARMEHGPE v = 7 Bh—E=R2 w2/ | =
AU, S By V, v AR 2y b 2 T
Wi 2 AR =W 2~k PV, =Ky 7Ry v2raRe
L 2 S0 A — Ty 2 F =5 7 Wk 2 v 38 e YV, + 7
YRGBT I 05 KiE~ PV, =29 sy vay
o2 PV, 887 RE= Y8l w s it R thi
Fr=rvaBRM2VBY 2R =Flrvzrisaipg>
RAYBERM=E T2 FM2Fr v a2 vt -7 R 2 <
>y '

Wi 70k 7 SR = B 7 v IR X~ AR T ~ TRE Ty b %
B/ MoR22es FVal = (work) R =4 v |
(ener@y) 7 Je~ A M0 # MBI / 15 = ~ 5K 2 + v 2 MpE RS
Ba=rRBa IR v 2B 7R~ 2+

=87 PV, ad PV, =FviliflF  Fifk scale = = v
7 100 Ibs. per square inch x (9-1) cn. ft. =800 foot=-pounds 7

KA |
(=Z) BRER E‘“M{t ( Isothermal and_Adiabatic @m;‘lu)

PR (heat engine) /4B =10 7 %+ 5 0T * BAEMI

7 BB R TR 7 X KR = 29 7RI ik
PV" —constant LR f e

By EX=R7 Vil » ~BBERELIvix2) 297

i) 71 b 41

MBarrlizfirviz—y 2 hi=f7 ~—EMl7 4 2

# v diagram = 7 v 7 Rifi 7 B4 F v work done » |
W=BEX =R 7@ SR=3) FTRapva2 b 7HF
Tt —i% = WIREEAS L 7R~ 22 =2 7Y, W70
o M- R ZH=RBp2AV=t 7

(A) %ith#R (Isothermal curve)

W=l VR R 7R RET—E=R7Y B2 2>
A BINB=R~7 v RET—E=RTEHe 2V b

¥ 2 8L 7 R ~ iR

© (B) Wiskdg (Adiabatic curve)

I » 8  RAK 747~ % > 7 IR~ Ehi €~ 2 77~ B

A= ML A ST Y, By TN Be =R

SIS PR 2 v RS 7 72 7 7 2 H 20 A
[= 4 mvx— |7 B850 7 Bk ~ R =0~ 7 8= )
Ryvariifi=%cx [=F3rx~—] 7307 Hif ==
»VEIF) | '
Wi & 75— 7 8t 7 -~ FRIBE L~ R + e B2 8L 7 -

4

AR L PR - % 7
C eFeF VIPEHE =R LR B 7R e BB TR

(1) ZERS =17 gk
(Expansion at constant pressure)

— e = — —--—-———-—W i —— B -
- -

- e, g, i e

¥ oy 1"_
h -
%‘.’

3 3 ’ . ' -y
i = - * I
e T p———_ Ty U Nt e ——— T T e T T e S g ——
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Ie#) 2 IRJE 60°F. + 34 1 pound T?E[}ﬂ;j}!?;—ﬁ#
100°F. =82 Vil vy 229 b3 |
(a) WM =#7 18 v 2 M5Bt
(b)) BlRevamvzsaBes vz vt
7R 2 = |
fR. M7 7 A =17 heat added=increase in internal
energy +external work done.
FARIURT 9

Ky 7]+ vighE =P 5 ENETF VR IR A 7 b vl

TIEIRAART 7 TR =% v * M0 7 Rl v 2= A (=4
VY= | FEMAVB2=2BeS vz iR IMmz vowF Y
i & 7 #M#1EY W=P (V,-V,)=wR(T,-T,) =1x 53.3 (100
+-256) (60 +460))=2132 fi—bs,
K= 1increase in internal energy
I=wC,(T:-T,)=1x 0169 (100+460)~(60+460)]

=6.76 B.T.U.

KV 7 heat required

Q=6.76+-2132 _§764+2.74=950 B.T.U. P S

%
R’ HE=a )V BR=-Beor RETR2 Y 2vr o

Q=wC,(T,-T,)=1x0.237((100+460)~(60+460)] =

778

L
¢ A
i

=9.50 B.T.U. approximately

(2) ZE&B=R7 MBIk | 53

# 7 & 43
W L comhanf) \ebes
(Expansion at constant volunie)

W) 2 GE 60°F. +vZEf 1 pound 7 )ERH, F=i7
100°F. s5Ee4k »» 2 Y

(a) B4 (b)) JFrERE

7R 2

J# heat added (Q)=increase in internal energy +external
work.
F VIR -~ — Rl = L 2
fR» = comstant volume =}}7 Mk x vk external
work=0 |
heat added=increase in internal energy +0=wC,(T,-T, )
+0==1x 0,169 (460+ 100)<(60+460))=6.76 B.T.U.
(3) STIRMPARK v Wk
(Expansion and Compression at constant tempera-
ture or Isothermal)
SURNIAR 3L~ MR = 1 7 -~ IR 2 G~ 3 2 i Rlrh—%E =
BR# /il 7 P-V diagram =Jd 7 VSRR 2 BR800
=29 7R vi =525 M=8 7~ Boyle’s Law 73
MyX/mxRAR=a) ;‘a-»-* = b 75 |
PV=C=a constant

- &7 A~ rectangular hyperbola 7 iz € 2 = v 7 —E 2

- W

,: - . - - £ -
- pp— i A3 AN I‘-. : g, w
- e B G o AN e e L e R R s o o 2 A =P IOCS_op "B Pl
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bt 71 &

PV" =constant

=7 a=1 >N B4
Fig. 5.

.

Vdum av

(5 MR EHE 7 5 2 P-V diagram)

BBhE =k 2 P-V diagram =J# 7 line CAB 7 .+ isothermal

line p =

AA=23) 7Ry varRiE2 VBB B=3y 7
ARYvZRRE=8BLy2 Y r 2 v%/“ﬁﬁ*f*ﬂ?ﬁ
FvzrnubaE o~ AB ZB5R 2 iR T 2 =2 0 7 E
>N S B £

Wl =% 7 {7 TR = B~ v 2 VIR R 1

pF WA 8L, (infenitesimal volume change) dV.7 Jem 2

T2 FMAE=JE 7 BT AR W= o Rl = 2 ) ’3
v RURRTTR T 1 D _;:--. I ,_-.3-4
dW=PdV +»¥ v ¥

Py

: W=P;V, (log,V,-log.V. )=P,V.lo‘g.

Pt 71 H 45

Lot 7 8L 7 [ = 7 ~BH 2 WIEE » 7 @47+ »~ 7 07
NP n—grBEZ2V=2+768
Ky 7 V, FMER=29 V., FrER 72000 2 71
& foot-pound SERL =t » V{LHE

W= :: PdV > v v

4‘ V. 7 7PV=C '}'ﬁ’j‘iﬂﬂa ERVIS & AN R [

BRE,—B=RrvEHEReER IR v %

g
P-—-—v—-

ER=R7 P /Ry =G T v

w...j ___.__dv cj’"’ 4V _C(log, V.-log. V,)

v =58 > imtial condition »P,. V. =3 9 5 ¥ ¥

k=
—%’—(in ft.-lbs.)

DE7R-FH BURR=W2r=es Frrik=F— %R

2T =Ry w FAERBRIAE AR =R 7~

P,V,=wRT(in ft-lbs.) =+ 7
V, P,

‘ 3;9 v —--_' P, ')‘ﬂ’?.l_af"
wPounds )“-—3973‘71" ﬁ:$

L

¥ _ wRT ]og, L (m ft-le)

W—- T
leo V. P

ER =Ry

-~ WML (ratio of expansion) +f§+ 7 4 »

—




o ol ¢ w

pit 7 " 47
46 i y)] 5 pe

Wik 2 B = =2 ) 7 S0 2 SWEBME 7 % A g & (=4
X= R REEA=F78r=es )
K7 WEFEEE =W =~ LR 2 AR 7@ erzes +

) =y i—ft=1r ZUPUTERR» TNV

K9 7 W=wRT log,.r
V,

&= W=C(log.V,-log.V,) = P,V,log, .

=wRT log, g;_-_—-wRT log.r Air having a pressure of 100 pounds per square inch
FrEBER > PV, FlRiE= ) PV, FiRNEE SR » absolute and a volume of 1 cubic foot expands isothermally
B 2 v B =N Bv 27 gizre s v FedivX to a volume of 4 cubic feet. Find,
=PV, +rRiE=2 PV, +riMBERE L 5 v 2 v (a) External work of the expansion;
=7 Wl -~ AC = 2 Y 73y villgk AC F 2 lk{ (b) Heat required to produce the expansion ;
A B2 =5l L=ByvzriiR7g 2, €274 (¢ ) Pressure at end of expansion, |
B f3 2 fifi 7 45 2 . | |
SR/ ST = NEHi = B o 7 ~30 7 SErh I T (a) I '
FABF v it = R (=4 vax—) 7K (stock) =Rv 7 W=P,V,log, _ff*_=mox14,4x1x1.3343
ARBIEA ) =7 SXKY FHVBIRIERP =R 7 »K =19940 *-pounds
iR =B B AR AR =F v xR 7 =2 VIR A - RE- 23 logix=log.x F M H I INM I K =2 s R 22
VYNV FXZ v =R GRERE =By 7 Rl L= = 23 FFX v T F 9 | |
VAV =y 8k T NS = i e YA 2 5 F (b) —f= _ |
+ . heat added=increase in internal cnergy +external work 5
#ic= wRT log.r ~fifi=2) 75BN AR SR 2 k= B P

Ry 2T R 22 3 F 3 AGEBIE MBI RAY
2 v Bk A = SRR 2 B = 7 S4B = IR v 2 v ARk 7 B :
2x)=v7l 7 Q FUTRARE»

. wRT Y » |
Q= 718 log. vV, , T O

FrvF Bt S RE—E F 7 3R = 4 5~ |
=T v

. = O
"

< - - % . ————— e ——— i —iee\ . S v s 6 e ————— e o B S ——
S - . = “3,
- T T —_—
. - E B L e s e S e e il R, AR il FERR e R Sl - <
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* 1 B

0 M~ v x k=" =256 B T.U.
(¢) P,V,=P,V, +¥rifk=
100x1==P, x4 .. P,=25 pounds per square inch
absolute |
% oS00 I = B o SHIBTE 2 ) IS R 7 B X v 7
AR By 2rr x K7 RA A [ =4 vx—] 7
B 7 Rl v 27 HB = #iR 2 ¥ AT 0 59 vtk =k 2 IR
R = 7 ~BIRIRIE 2 T 7 BE AT 24 2 7 gk~ W =
RN F 5> x
(4) FEAZMER v WS
(Adiabatic expansion and compression)
ﬁﬂ%ﬁmafszﬁﬁ%ﬁ;WEiﬁmﬁ%m/m=ﬂi
WMo ZRIFTZ7=2 v+ v BE W=7 AR eCHER 7 W
0k 7 75 2 AR 7 -~ B4R b 7R =

Fig. 6.

Pressure

Volume

SRk 2 W AL 2 B =8 7 ~$R Ve T - 143 (conduction)

® y) | 3 49

——

@4 (radiation) R v'R#E 2 L8054 (internal chemical

action) =KV RIBEEBA =2 F 2 ANV b+ %7
DR lgR=2 YR 7 F 2B =-R7 AW [ =4
rMx =~ 2 5850 7 iR o~ NNFRNEHE 2 > Sl o8 = Y RV
HRIB I v2rv e =R7 37 {H5 7 28 K2 A
[=drvx—| vV

L3 7 dm % BB RIR L -~ 2T B R 7 2 7 R v
7 vz (cylinder) P =30 7 5UHR » IR~ MEHE € 5 »
3ﬁ-=m9ﬁtﬁw=&/ 7

v r2RA=Rr Rl B Ly 2 RE=BIiTE 57
F IR BB AV 2 P22, Z=RKv L

2 YER B2 T RA =47 vIEIER =K ) 7 #Borilik 2 iR

W7 ANVER =7 B FERM r BEorv=r 78y
Ty

E el 2 KE AP,V,) 2 ) Bk S HE 7 F 25
a=Rr VRIVERBRE 7 =2 €2 = v 7 B,C, Z Bk~
b ¥ 2 BRARIE D.E. 5 ISHGTE R = 0 B RiB 7 5
2 &b = Bk = TP = » 5K = 3K 7 WETI5R% 2 R 7 i v
b g S REARK
(M~ 3 vz ril)=(R8[ =4~ x— 17 §m) +(AHBLE)
7 Q=wK,(T,-T,)+PdV(ft.-lbs.)
=RIBRAVTEA
iy K, » foot-pound Wff= s v} #k=v7 T8 C, ¥

-
e e ™ o -~ i e e — o -
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IRA®I )Y
IR =17 ~ 5 =B v HMAF ¥ 7007 kX2 %6 O
=0 7 VYA Y PV=wRT F»vRARX ZE25W=HF*75=i

Ro@Bres Frvit= a;_uma?ﬁ
=wK,dT +PdV......... (A)

M7 gk =7~ P.V. Re T , =Xk = =48 =
V707 (B)R Ko mo®rR7v=t 758

]Pd‘h+‘ﬁdPE=ﬁVFKKP

dT PdV 4+ VdpP
wR

ﬂba’ dT.,’iEE’OA)Et_ ft)k}tlf;f

Pdv+ wK, PAV+ VP _
wR

g7 RPAV+K,PdV+K,VdP=0

ﬂalﬂﬁ? PV ::j?ﬁ&i&)v'b:¥a“
dV dV dP
R V——+K = —t+ K, P =0
dv dP _
o)yt Sep-=0

2 v ?E%z | Py

(R+K,) log,V+K,log, P=constant=C

R+K,
87 —x¢

lqg.Vﬁ+lqg;Ph=(:

R+X,,

#£7 ng;PijﬁT}=(:

4 K, K, 7017k~ foot-pound WIfL=H 7 »E5 RN
HEEFR v 3~ F=farins

% y)i b4 51

R-l-K,,,,=K,,l 7
R+K, Kp
9 7 log, PV —log, PYFa =C
Cs
R = -—6—-—1’ or T-—T FA7L) 5
I”V =C 1f)ViﬂﬁEi?ﬁ}

& v 7 AR = W 2 v B R

K= WA= 1KY 7 59 v 2 ) i 7 3R 2 v = SIS

Her FEE=
w.=.-j' PAV &7 fja~c

—RAR PV'=C =29 7 Wi, RSB, WIHR 7 72+ 13

WE) P A Vv | -
= 9
Ky 7 W=5": pav=(Y¥: -%_dV=C ":.9?.‘.;{_
- e - ]

Lo el - Ty PIV]_“vlf -
V 1-n
Pv@ =)
e 'R P.V,(1-r1-»
e’ n-1 -~ :g_ )(EWTWMQ
v e

-
L ——“__Mﬂ:-‘-“h T — e ———— m'




52 #* 71 2
b4 PV=wRT. + VR 7 v R
W= WR(I_‘I-T :) (foot-pounds) + »¥] &

W 73R 2~ kR~ PV =constant + vJii{§ 7 55 2 » '8 2 i
B3 ERETE 2 A7 v ~ B 2 5 v s = 2 F VT EGERR
B8 B RIIR =PE v 7 » a=T +)

(Z=) BBk, W=7 »A | =irx— 17 T
(Change of internal energy during adiabatic
processes )

WidkiB L =P v 7~ P =H B BAT * 707 Bk =
WY 7 vz viEfi-~, S8 Nk 2 vRB [ =4 7%

Wi 7> ¥ vz i |
_pr,v-PV, wR(T,-T,) 2
i o=t n-1 FrABK

Loss in internal energy
_ P, Vv,-P,V., _wR(T,-T,) g T U

~ 718(n-1) T18(n-1)
v RIRe Xy 72 v W 5=
o2y FrvzovpRi 7 BR vA-AXRZEH G =
bt ), Mgk HRoRE [ =45~ 28 Fv
e7279
€=1g) EisENE = 7 ~ e 25N 2 BRI K ek 2 Bk
(Relation between volume, pressure and temperature

in adiabatic expansion of a perfect gas)
BN = R 7~ Wy P. SRV RCIRIE T ~ffv =

el -

. 7 L 53

A5 =480k 2 » 7 10 7 A=K MERIR 750 = B2 7
Bt

S VIR AR = MBI 2 v o< NEJ) 7 0 2 550K 7 SR+ HL v S EBAE
$7F AL RIS (=4 /¥~ ] ~3Red w3t 2 185~ T2
W2 Z= K SRR = 5 7 o~ %50 7 3R © WSy 7 3000 = »
PIE=PE (=4 rvy—] 77 RE LS 2

i v 7 PV=wRT VAR %=%28M0=8 B </
TV A=

B SREME 2 1BA = P,i‘V. - P%V. ......... (A)
PV =P, Vi (B)
F_2 7 BER 7B~

LSRR 2 =29 2y B, RER ©— 2 7 Tk
M7 %mv~85=RIERMECRE B skiBE7Rov=+ 7
B~ v

Pl~> VT, BV, 7819 T, 79R2~ + 2o

(A) — vl p— vl
(8) T,v,* T,V,7




ok et 71 s

T,=T.(--§:~)l“'!=1‘:( g: )Yv*' ............ (b)
p==Pl( g: )Y .................................... (c)
:‘;: -—( g: )T}? el ¥

Ky 7

DE/ i#X=R7 T /Y= n 77 v PV"=constant
FrR=a VR Iv - ERER 7 0l > VIGE, BE = =il
Mxra v 738 2 -7 i = vocdafi] + 5068 7 J 7
NVNEXRRZEZ V=2 b I v

WA WM 7 B A =8 ) I IR -~ B RO~ iR
FIEIFYVrNERE v

A wR(T,-T,l___ wR(T,-T,)
u-1 2 1-1
(work done by ) (work done by adiabatic expansion
expansion or internal energy expended )
7R =7

b 1 2 55

nlt F¥ErxAF Y2 (=4 vy~ 28R
=Y =KFY, K 707 dn* RNRTE -~ BT R 0Y » IRAY 2
Pl 2 Bt = v 7RI~ =R 7 VR B 7R
Yuf 5 X
=K vy a7 Frvex=R7 89 vz iR A
[=4vx—|7HRkEk=20 =bF I8 7 KE - RIEIERD =
BR7EE 782 0832 b7 Fik=2 )R 7YPBr> 2~ 7
VamwEI) Ty 7H )Y
—fX 7 BE/ BR=R7 » 7fi7R2 v+ €
PV"=constant & 2 ¥

P,V,"=P, V., +»xiRk

logyP, +7 log,V, =1°ng: +n log,V,

log,,P,-log,,P,
logy,V :~log,V,

—
N =

Pi).

B 60°F. (T,=460+60=520 absolute) = 7 B 2
R7IZv A=A vEE=Hi#t> > v 2 viimz R/
BRZ =i~ 2 ) v 22 BKk=R7r viRE T. ]

. z' =i =y I BR7BH=» T=1405 +»v 5k
1.405-1

-‘=520x2 =5ZJ:1<2"":’5

=W‘I:. ab;olute
FEERERE > BE LT €~
688—460=228°F. -
K=, 2% 1 pound 7 M =EHEAr 2 s =2Fe 5 v ’W
Pl

sy et e Y T,

- - — R — — T — —— ——.



56 # y) L # 71 ” 57
2R 2 v = y volume of 2 to 1 cubic foot' at a constant temperature of
i WR(T'_T_i-T:) Fr7 fij e 60°F. How many B.T.U.of heat must be rejected from the air ?

1 533_(0%&) 92110 ' (4) Air compressor has a cylinder volume 2 cu. ft. If

it takes air at 14.4 lbs. per square inch absolute and 70°F
and compresses it isothermally to 100 lbs. per square
inch absolute, find

(a) Pounds of air in cylinder at beginning of compr-

ession stroke.

foot-pounds per pound of air compressed
6 2 ALME S 4l 7 A7 2 v o SRS 7 IR € > 2 5 v > BERIR = B
A2V, Frvava 7Rk AVE, = v FEMT
volgiR7 R oIE 20, W i 2 EIR=2) TR v 2N

&Q?ﬁn A
AR =1 7 - WEARAEN 2 S5 2 Al (=4 v =] » (b) The final volume of the compressed air.
22110 PR (c) The foot-pounds of work done upon the gas during
g B.T.U. 438 = | !
PRIty (cylinder) »¥%iE—fi% 2 2% RiGH=2) 7% s svasie e
BeFvZmve 3--®Mv227RA8 [=4rv¥~] 228 (d) The B.T. U. absorbed by the air in increasing the

internal energy.
(e ) The B.T.U. to be abstracted from the cylinder.
(5) A cubic foot of air at a pressure of 150 Ibs. per

B 2 25K e Rl B = AT = = 9 e v 2 5 s ik
i 7 8w =48  WiRRD ~ 37 ME B v Fl 22 60°F. =7F
B 2 vi§2 2 @7 M= A

HHRE(=) .
(1) Caiculate the heat required to produce a tempera-
ture change of 50°F. in three pounds of air at constant

square inch gagé expands isothermally until its pressure is
50 1Ibs. per square inch gage,
Calculate the work done during this expansion.

(6) Air at 100 Ibs. per square inch absolute and a

pressure. |
(2) How magy foot-pounds of work are done by 2 volume of 2 cu. ft. expands along n=1 curve to 25 lbs. per

Ibs. of air in expanding to double its volume at a conftant square inch absolute pressure. Find

temperature of 100°F.? (a) Work done by the expansion.

~{8) Three pounds of air arc to be compressed -from a (b) Heat to be supplied.

.E:l |

jn




58 h 71 L

(7) A quantity of the air at 100 lbs, per square inch
absolute pressure has a temperature of 80°F. It expands
isothermally to the pressure of 25 lbs. per square, inch
absolute when it has a volume of 4 cu. ft. Find

(a) The mass of air present.
(b) Work of the expansion in foot-pounds.
(¢) Heat required in B.T. U.

(8) Air at 100 lbs. per square inch absolute pressure
and 2 cu. ft. expands to 25 lbs. per square inch absolute
adiabatically, what is the final volume ?

(9) One cubic foot of air at 60°F. and a pressure of 15
Ibs. per square inch absolute is compressed without loss or
addition of heat to 100 lbs. per square inch absolute press-
ure, Find the final temperature and volume.

(10) Two pounds of air are expanded from a temperature
of 300°F. to 200°F. adiabatically. How many foot-pounds

of work are developed ?

b 71 m 59

W S 7R A MKW [y 4 2]
(Cycles of Heat Engine using Gas)

(ZH) W~ [+ 4 2~ (The Heat engine cycle)
RAGRBE = 58 7 ~WAEHI (working substance) 3k 7 BbkAY
HE = W 2 v 2 2 = Fi 2 F W PR YR 2 Bk 758 2 v = 2
=Y 7P/ B RKll=2 Y 7 #7410 = Wik 2 vIEJ] 7 vk
B, [542/7] rR»

RftP=WiReva~x [$427] 7528081 7 b
7 -+ heat engine bZmudk 7 KR 2 Wl = v S 2 g

=BBevav [ FA42/7] 7F 27 27 7 R (refri-
gerating machine) 2 ;

RIEMILEBY 2 v [ 4 2 v ] =208 57 35 v 7 Bk 2 4B
7 F v 2 VB2 BeA) ) RIE = B8~ 2 i 3k 2 W~ 2B
[ 94 2~ ] (complete cycle) 7+ v 29 v 52

Heat engine  JFIH 7W%K = v =% ) BIEWIT 5% [V 4 2
V] FFvayes vBEI bBREFY), B[4 ﬂ'»f_];u'
T € 7 v VI =R 7 ~EREET - B e i ke 7 R =
vIE W AV [ =3 v X~ | =53(L 7 2 ) —
JEOEE v F otk VR vIEER (Y427 ] 73201 %
»I BB [=drx—] = [Y427] 7 ¥itk=
R, 82 v 7

— AKX

(WY 2r8)=(HE)+ (3 7 2+ )



60 b b)) %4

FrREIHR NS R 2 Ty P rver2 ),
ifii & 7 heat engine cycle»—f¢ =2k 2 fn ¥ MK 2 {EJH = v BOL A
(1) Im¥eteh (2) NoMRfEN
(3) WaER (4) MNHETEM
7 2 BB 8kl (heat source) = Y 7Y A vil
7 =3B 7 A6 = Wik o B8E 2 B 7 o EEY (refrigerator) =i

Wav e s = v 7 BOKRIEGIER 2 BURL v IEH -~ K207

ok % v BTl (condenser) 7 Y
(ZK) [2=rs=34 2] (The Carnot cycle)

Ml = 522 7 VIR (perfect heat engine) = [ AR
F v G IRIEWIT v v 7 SE2NEE 7 8] v 2 7 SR CRiR
(=PI ~ Wi e 2 7 [ 34 2] 7588 A& i ¥ 3E
obbR (ideal engine) 2 fTHH = B = AHFSE 2 Rk = F % ¥
~2hZ¥NVYMT)
M Eh, AW [ 427 ] »~18AFH2 7 [2~7— K
eaY)sBMesvasesrav iR m¥NR7ER7
¥ A

(1) iU (isothermal expansion)

(2) Eis (adiabatic expansion)

(3) SeilMEfR (isothermal compression)

(4) HE#ki (adiabatic compression)
e, [94 2m) ~FREM 52 (ideally perfect engine)
bRk (heat engine) b 7 JoE 2 v k=7 MG L 2 Sed)

- i e . m - = —

# b it 61

I REFIR~2 ves T )

$=WEHE7 v BN, [ 2—2=42NV] 7B v &
w2 = BT B 2 R = PR = A 7 R ¢ v =
(cylinner) ~3k, RiliH= 7155 v 2 VI TRR % 7 7 2K
RIS = v ek, BRF /RERR IO R € 7 v H 7R
%+ cylinder barrel 2= 7 ~HiEF X7 tHF 772}
7/ e v v ARE 2 EEW = 2 v 2 VIREHTT - 5E2R
= v 72 > 8L 7 > 2 ] =18 7 EAINBIET) + il 7 1k
Ffrer r R

K=AWBEE L » 7 »

H......fig 2 7 Kk v#se i} (heat capacity ) 7 47 v i = TRJE 7 .

T, =fR 7 ## (hot body)

N oo EZ2F R AERIUIBR e v vE (cove'r);"_;_’"\: .

@S

- B2 7 K+ AR (heat capacity) 7/ v T, 2y
€% T, + »—EilJE 7 1% 2 %f% (cold body)
)EHK I AR v 7 M, H N R, B0 = o8 2 R
DR e vz EniiiB=-Hlev2@r=es b A
A58 7 0N cylinder 7y 7 2257 = 5E25CHE v 546~ il
WR7 K% L= RAvim LR =BT, 7 ) 2B 1Y
Azm| TG R =R »F il NE7 o B=2397

RY ¥ A | 3 |
ik 7 BAEHR = 7 VEEWE 7 o+ 1 pound b+ v 2 RIER

FEEENS T ke T, VP, 77 E»y v 2K boc.d i

o ——
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1

N\ h
| =Ry MRS 7 ek V,P,. VPV,
" 2, 707 X *:‘/A#S)VB#J‘&/ dla.gram
_ ‘ E=Rrr abed g7 iliss= vl

62 2 3 * jJ *

1

7 T
| . N '

KA cycle =fd 5 v AR 7 B3E 7 Fo
A7 F |
Carnot cycle {E), $m
(88—) hot body @p# heater H 7.+ cylinder » # Juiisg =
B e o~ 2 5800 = # 7 M~ v ~ 27 = N e v A 2 A

gk ab ={k TARIN, M 78 H »kF» heat

capacity 7 4§ 2 v 7 ffc = S8 -~ 3k ﬂm'?i-ﬂﬁﬁ 7 —E =
ANV b 7iGe2t8 700K > b =7 = GE - ek
= Tx = yixiﬂa.}t vb :am #/B}].-“ P. ﬁ-F“R

pet y) : 63

Bt 2 BBARAE Fvh = 58 7 o~ SRAE -~ R4S 7 A5 = DE v il &~ 2 ~ [
7B = v 7Rk P00 7 v o BORER ~ S8 =
BoBy2riifi=F ¥Rk 7 - hot body H 2 JRAN
2 b BT A

=50, > 27 Wa, b YIRA v 2 887 Q. }
2 vgE=5mmr nrmz

W, ,=0. =j ¥ PAV=RT, Sfj

(dV
V

- =RT, log, " ft-lbs.

(%:) hot body H 7 it ¥ 3 ? [l = non-counbucting cover
N 7 .¢ cylinder head =3¢ » 2 p 7 B 2 YR TMI A
vy 77 2R *?}laiﬂﬂ‘ft$? a2 Y I
SHE 2 MR By 7 v A = WA (=4 vy -] 7 R
M2 Bl be =leplR=r~v | _
gk 2 WM = F 7 R RE A (=4 vx—] 2 THR

=By FHA~s c BaiBe vl WET T, bAv

il 2 RIE =B 7 VISR BB PV, =39 s RAI W
i 7 be =i 7L =17 ~8, HAF * 7217 SHBALLS
7R (=47 x—) 2 WOk | |
W,_.=C, (T,-T,)

=
(36=) % = non—conducting cover N 7 .+ cylinder head = 3 It
¥ 3:9 cold body g # refrigerator R 7 .+ cylinder head =
$EM € o~ 2 piston 2 fi47=3 9 SKE8 7 AR € v~ v oo IR
BE T, =17 SiBWHERL? F 2~ -




64 b 71 B

Vo7 MERtER = B8 > MAE RS 7 k=9 v s 22 Fvafi
=R =0 7 B2 v 2t B K F AP T7 AT 2 70 IR
=W®/?237v~7077 0% ~RI—E=2v7 T, =fRE WV
= b FY
Bt 7 ERGTE A~ S8 2 B REHGE R = 2 ) S Wi v 4 2 0
s =R VIR =22 B2 v i d B= B0 Y
vy AIN¥M~s A, MM, d B o 3 ) AL
R ¢ 3 ) ML B 2B FTRE SN
=M= d B7REAVFHETR 7 v K2 Iy
Bl 7K 2 BB = B ~IRIE v 2505 2 AR
=)

= v 7 SR 7 B RERG = B > 7

W= [ 34 2~7] 7 8--REBE 2 VERIBIE 2 WIRIE 7 ~ 755
=R 7FRHIE=FvrS5vamvinz d BIRE+ BN
R BENEEE =29 Sk, [ 4 FARE TN E.
A R |
K= cd =% 7FRIEH M =17 cold body R =87 5
Moz Q. v R E=BYr  HET W._, b2
W et j' e PdV—_-RT,I:: .EVY_'-

gt V.
v, = RT, log,

* h » 85
(#5p9) cold body R 7 .rcylinder head = )M 9% Y non-
conducting cover N 7372*(t“ﬂ’!}1ﬂf W4 7 MbAE = v
ol s MRG0 = 7l Ao =39 7Knt v

DB tpeRIE, LR TRAT Y, 1KY 7 d W7l -

EE-&»&/E}]» i bfyﬁwﬁxzilﬁ:ﬁyj:"l‘ iz k3
tv&ﬂ:}?ﬁ-\./

M/jny /71![;/ cycle »5Efiev 23 mv s ) =y 7 IH 7
ARTE = ﬁ/ﬁﬂiﬂ”ﬁﬂbf?ﬂ“rfdiwj7ﬂyﬁz
€27

._ﬂb/ﬁﬂmﬁﬂ!m =R~ ﬂx%ﬁ**-— 2 ) A rm:luwr
T R k= mvmvﬁ-a %mammua

A FIEREF vl
We-e=~-C, (T,-T,) . .
Kb T9427] 7M=R7Kil=2 9 By v 2 vEREE
BRk=H7B7»= | B it im coamibiacne
ab, be. MR =K 9 7 v x M EULR CRTAINL = = ) 5/
F v 2 VOB~ -
RT, log. v +C, (T,-T,) = v 7
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® )M -

V. s
pody da frtutmmlsmm»uin/.b ¥
“‘F“iﬁ \ 7 | , ,.;-, : et :
_RT, log, 3 -C, (T,-T:) #9

WY IRM By 2 AR ERE W R 2 mu'y
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W X < Ve ™ }
W =R, log.T RT, log. V., | " ’ (Zk) W% [ 94 2 2] (Reversible cycle)
SHEEEy R i St SAHIR 730 = M o 2 2 v = 30 7 R = P+ 5 &
=V 7Y Av 2 8k VIR v 2 Bk 2+, Wy7k MIFRRIR 2 VIR Y A vz R R 2 B 7 o8I0 =38 7 AT
: })'IIEI*&Q‘E W iy P2V diagram l:ﬂliﬁﬁ abed = 3 =T AR R BB IRIAN = b HE T v
"9 IRIN i o | | ' _ 367 BB T4 2 ] 7 Wff=a 3 fkPe v s 3vame
-—-ﬂ [ ¥4 2], thermal or heat eﬂic:emy (M*)» C 2= 77 in % BB~ - reversible ¢« TV 7 2 R
‘ Heat equwa.lent of work done * B - (reversible heat enginé) MR v 2 K] = el = v €[
- Heat taken in . N
N it | VBRI 7 R =R 2K = R 7R 2 i R
wmy AN > =X |
CBOAVEVER Eﬁbffﬁﬂt/f/=wﬁﬁﬁ #Itﬂliilﬂlﬂ
. Pk a)iT#;vwez.-/i'ﬁ: 139*4\*#&??&‘ PRSI TR <0 et e -] ke
l g4 o 3 _
| b > " . ' _ stz [ 4 2m7]) 756fievhpr *:»ilu»‘ﬁﬁvﬂﬁ
Carnot cycle =Riﬂ;/ﬂﬂ;¥ 7R & v | Ful 7FA 3 F 28R GN-% s sHER R (T,~T,)
’ heat equwalent of work done —-R(T,-T )log, 3 ~log: %—””7f?.t VamrZs2lfiREeIMNE) 25
v o : _ S " i & 4 B = I e
heat taken in=RT" log, 3 ‘b PR AR -BE o MF =R vl
ki “] = H=r—=¥4 M'_I -ﬂfﬂﬁmzﬁn";rwn
‘ m; W% E= e Oi -T..T. R SR —rd MY R = YRR W
RL, Mt " j: " o st Rt
V. X Work done by gas=R (T,-T:) log.-vt~'-_ e iSRS

B2 i T, » T, 3V ExBAH Y o
Heat taken in --RT log,

“ Carnot *cycle efficiency 2 TT:l‘ » T, Be T, -}vﬂ“iﬁl V,. g | nallr scsiares
={EW) 2 » h:at engine -ﬂiﬁ- v . 4 -ﬁz!ﬁjﬂﬁ” , Hm “-'“’md RT log.—%— T Sty o xsingerd
B 9 Ty AL ol T Er#,—/-ﬁ‘!‘ﬁ?#.l T, e td

TR HBERA— zfmuﬂaﬂsiz»fﬁ)m Heat transferred from the cold body to the hot body=
(actnal heat engine) » Zha / HUEEEAE b » 7 e S o - 2R (T"‘T-)"’g-%"”

-
S " . — — . ————— e
- — - T - o S Vi i it =~ A Y a - St —
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Heat taken from the cold body=RT, log. ‘6
" Heat rejected to thé hot body - = - ' % Ky o 0N
s

=RT, log.-%:-RT, log.-v:—

FR M2 MORE v 2 B =By 2 v 32 BB AR v T
TRRIAE I ME A ¥y *
WG eoMER2 TH42m7] 2R EH M2 EB e+ ¥
MR TR Y A v x M RHE 2 R 7 R == R
Vb=~ ) Rk 7 <% !nBAViﬁv3l9’Vﬁr{t§
AP ORI =W ov 27y - ) |
Mivs [(2=r7=F42M] mmmuwxmu
(revéititle éngine) »—~§>» 1 T
(/) Carnet » g3 L fe XA
S =Kl T M~ > VI3 . (reversibility) > MR 2~

-ﬂﬂ*%ﬂ"‘ﬁ’“* P [ )| K7 A ZVERS K

Ve LAS LF S R o v 4 | e o
iR JE 2 A —MR5 2 M= ﬂfﬁ:wv‘]'ﬁﬂﬂa ) =—J@Aigh F v
B FEex] -

No other heat engine can be more, eﬁcient than a reversible
engine when both work between the same temperature
limits ; that is, when both engines take in the same amount
of heat at the same higher tcmperatm and I'CJEL‘I'. the same
amount at the same lower temperature. 2

S 7 T8~ SRR TRRTF BN = RR > v 2 2 = v 7 M

el A 6

——— - —— —

L 287 L1 SESR Td. L BV EREZ TS A

= AB Py /SR8y A 70N B YRy
“wWesrvelks =Ry v H SR R BB M

2B revary) i B2 ALY v T
4 Oy - WifMM A w‘!ﬁ&!?%ﬁﬁaﬂn annv
)\”‘ﬂi o 32 ® x 3k &
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Qs --4-'---A »!&&!7 F 2= &HR —Mxrﬂl

i /iammﬂmﬂu B 7.0 ﬁmml A 3 9—-1!#;&
+y%/PEzz '
mﬁ» B -~!{i&$7ﬂzﬁ=mﬁa y A -mwm)i
JRIMY) Z=HB Y T HSR I R7 4 R =l 2 2 Ak Y
3B H a VAN Bik7 -~ O 3 IHF» QX
7&3’&-“ v R =M1yﬂ?n‘§h-}{ IEFRAY I
© AN = W 2 /R TSEMR B 7L ISR A 70

YynpimrBliivey A 793BWAVE A= Balk22rym
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LR e T, 1-‘4-—-—0- i i W e Ky e L ;_'_f]-'-___._g_-“.- -i}m‘___-:-—:\;_m_
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MRS = Qi-X F gtk B s 2 2= H 2 3
HFv Qu PRI~ A 2[4 2] 2229 7 H =
BB 2 I, RvBlF A TS v B ) = T 2

MERRADR = VIR Y AN~ FAk 3 2 04T = 2 ) R = R v v
CAIM SRR Y, Ky o2z lEB A v B SRS

IR =R U »~=x X F 38k 7 m 2 3w = B

» R-X Frift7 o R =l 2»=% A»~Ray Qg

TR TR rilk=85R B 2 F ARHEA= R

B~ X X f;vﬂ.ﬁ?ﬁl‘;7 |

lt!ill?_bﬁﬁf::é%ﬁf?7 F v =T !’R/#HH b7 M

L'b‘lﬁ]-"f-ﬂji-' ﬂ[t /7_1 FER L s s 2 Wi di )

= fEH) % B -~ IR R 2 VHIR H =~ M 50

‘=F‘*W~/.W/7ﬂ/£éﬂ¢*m R Y+ 2 $ii7 v

v ERGH R 7 RE~AMB=EKTAr=F r~<v

M > 735 > M= ﬂ%ﬂﬁﬂﬁﬁ***/Pﬂvfﬁ{ﬂﬁ
ﬁﬁ?ﬂsmt ./z.zvr-»ﬁ'l-ﬂa 9%%&5@7}5:»’: % a4
BLE B =K ) RGN B TSI A = ) — R
2 UEE”#JJJﬁ—ER‘l (& 9ﬂfﬁxﬂ’ﬂﬁ-‘“?ﬁﬁ R o

9#ﬁ H =HR=H7ZE2A = I'E-“-*) —EVZ?EJI'I'

»Va3rF7RMIPGRy

ﬁ*ﬂﬁ/“wM/ﬁ—-mgm-#Izyﬁﬁ ~Aa

) 2HEDF MR 2 b T RERB A = b 7 RRE € AR
CERFGE R = 2 BB TR A F R =B 7 T

] 71 & n

BB 2 ZhR AR = o 7 RGITEF Vi~ AR 7 A2
B FEMR 2D M e ) SRR € ) = o O R 7
AAMRE o — R SRA = B2 7B, R= 7R VA
TR KA 7 R B s F VT 7B
ﬂﬁ&ﬁﬂﬁﬂgﬁxwmmt/;7g-gﬂ;ﬁﬂ,»ém
WWE2? =/, 7
(ZER) [d2h ‘22— =v#uy s 2" (Hot-air engine

. ‘eycles) . .

~ Hot-air engine + ~SyBAiRIE = 12 7 1%/ 83ML 72 & ¥ 2
”t?ﬂﬁmwﬂr/7mtﬁkﬂﬁmﬁmﬂﬁlﬁﬁﬁﬂ&h-

bustion 'heat engme) Y Jﬁiﬁﬁﬂ (non-exploswe type) 7% )
YRS TR S0 ML NG wodRamRr A\ 3R
~u)m;mﬁaﬂhﬁ§¢m#§miéﬂaﬁé)+vk@ﬁ

Bo2rigf=2BH8 /6 (metallic wall) 75§ ok 7 BB+
“@zthbmﬁfkkﬂiﬁmtawsarﬁkﬁhfyx
Jt» hot-air engine ~I¢ / J1ik = Jb o HGHE £ 7 K7 9 M=l

ﬁg}'gﬁﬂﬁg;zmzwf#;lniaﬁﬁT?*}?J

BTy am =Bk KT e R 2 BRI (mecha-
nical efficiency) »fg2 7 (£ »#R v ¥ =} hot-air engine }ﬁ‘ ;;
Fr AT AENER = v 7 BRI 8= VR B

Jnﬁ;ﬂ&gﬁfﬂﬁg;33*3*?&**#Hﬂiﬂiﬂ

*”ﬂﬂ/ﬂl"l%fﬁﬁﬁ*¢wlfiﬂll.ﬂF/
CIEReI BB B i b A ERENT

S P T pee— W il e i Sl iy i~ = T e i LR e i s S el S e

— =g R e O i N T~



72 e 71 »

Hot-air engine cycle »X2 Zii=@ap2A~»=2r 7% | |

« ($~#8) External-combustion hot-air engines with a closed
 cycleiand constant-volume temperature changes.

. (45—#8) External-combustion hot~air engines with an open

“teyele and 'ponstant pressure temperature changes,

§ 7 hot-air engine =ff) 7 » regenerator 7 3E{N vRMAM

A=t 2] FRETRV AV EI = v TP/ regeneray

tor »$k 7 o RE = Bl v LB B il A v 1ER 78 A

7513 W 2 Bk =7 ~ 4R (Jine of constant volume)
AR 2 AR =R 7 ~ENR (line of constant pressure) 7))

2[m 2 m AR L FRBRR = R~y 2 v 3 2 IRy
Jt» regemerator It/ AHE 7B 2 v ER=HrRI ¥R
7B By v in 2 QRGN RS X8 7 R ¢ B YR

s 2o RA=RAv ¥ 37T &~ 4
% (1) ['zﬁr— ) /ﬁ'i/f‘ .74 #zv_l (The Stirling en-

Prs ¥ gmccycle) | d il
2 B~ R = vﬁﬁ?—-i-—ﬁfﬂnfﬂm ¥#le =1t
t?.M_-fﬁtlﬁ?T##w%ﬁJ- regenerator .’E.*

08 suimages - :
ﬁﬁ’*lﬂﬂ"ﬂmiﬁ v7 1'#4 nr_[ »ﬂtiy

A TMT B BRI BB T 2ER A2 IR 2R

CrRRARE A RET DT AR T WA AR

f

hot 71 - 73

A

cylinder, regenerator J§ v refrigerator = v BrERX,) 2, =
7Y 7 displacer cylinder =i ,## 747 v 3 7 BHFR =
regenerator Jg e° refrigerator 7 .v[RAF > 2 v K = X, =,
=TV 7»WFk=27 cylinder » Z]i+ 7H 7 ifi ¥ cylin-

Cder VIAMERCEB KL 2Ty

RGB7E2 FPVHR=3) 7% ev 250 displacer cy-
linder A =# 7 fETh =, ffij & 7 2% displacer cylinder / Jig
W=Wrverifa VMEHEH=1K) 7HRIMIBr2e, +
mziﬁfﬂuﬁﬁn!—mzﬁh¥F?4?WJ—F?k!

2 B2

Fig. 9.

(a) B V. WA P. B T. »+EH~ regenerator

3t EF#p -~ displacer cylinder » —3%§ dowble acting working M7 BBAr =B BT —E=lR? v “BIZA b

R — e i e e T o o o e
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Iy =K = ¥ M7 BIR A~ #ERIE 2 Ty~ Py =30 viRE
T, & kR = |
B 2 B~ ERW =07 Bres T EEE=R7 EBR
ab =3 VRIYNVNv 7R\ LI vEG 2
(b) working piston 2 M-~k KR~ ) K
WRA» 7007 8 =FBiTR 7 X< ¥
B2 BRAK 2 VRIMY AV BET ~ T, =72 >
WS 2 v v ik =k 2 WL be FAGREAR= 3 ) 7Ry
(c¢) BE TR/ BY)=Fvzriiar-BrxBR7v7
regenerator b refrigerator H=A 7 v 2B(» } * ~»BE~ N
FMI LIV k=18 T, 29 T, ETFREH~ P,
2 ) P,EWd 2~ vk BEEM =0T * 707 )k 8Bt
NERB cd =3 ) FRINV
(d) B=EX=Rr »HHER=K)BHTRERAV7L 7R
AR I e v 2 Y BAR 782y, My 72E
oMb =R /7RE7 T, =#F =22 regenerator
B v refrigerator = 3 ) 7 58 v 2 v~ il 7 REEIER

» da FVEREB=2) TRV
otz v, (Y427 ~lievrvser)=2y 5

W2 [(P42n7] =3 ) B v2VEHTFVHE

w.-.(P.v. log, 3’: )-(P,,v,, log,Tv:—) foot-potinds

i ¥ 7 454 AMES) = -y pounds per sq. ft.
R4S H.P. = 305N @ o N=revolutions(cycles )per mimite

= y) | Y 75
P.V, log._E_L—P V l(g' ¥
X Efficiency =— Y ‘v‘ V.
Plvﬁ ]ogi vﬂ

]

Wrv= Vo=V, V=V, ¥, 31+3x P,V,=RT, B¢
P,V,=RT, rav v 8% %,
RT, v,
. logl v

E =—

-RTg ] '--_Y_ﬂ.__
Og‘ v, T,-T,

RT, log, Ve o
Vv,
(2) [=922v.2v%v, 94 2mr] (The Ericsson
cngi'ne cycle)
W_Hi=BAr e/, =v5 regenerator NS =4 7 A%/
mETRL ey 2, fiviR, BB K fns
compressing pump, receiver, regenerator, refrigerator Jg v
working cylinder.
BER=R2dn it R BEGG (5427 ) K foo e
=
EX dd =9I 559m hagMﬁﬁr-m’e 2%
Fig. 10.
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p 71 H

WF 2 Kiii=2 Y7 a B=3 )RI» RIEZFERER =M
fitIvifiivi aa' = 72 7im2 receiver Fe= A € & 2
ZNV

¥ ddaa’ » pump cycle 7 ;52

X = working cylinder =77 {EWiT#2E 2 B € 7 7~ BEEPYE
R EMT ) F =7 ab =752 #Mm”> working cy-
linder Jt={itfh+ o 2 5 vk 2 PR >~ regenerator A 7 i}
AN AT AvE s @E~ T, 2 ) T, EESA
MEREZE S 3E 7 UL 7 8 2 v~ Y3 Y SRR = KM T)3E be
=% e BPIR A1~ 7 3k 2 WMRAE b = B8 7 #&~ working cy-
linder / JE# =16~ U = ) ULhd YA TNV

We§% 2 [XATHE =P > %858 »~ regenerator 7§E 7 EMT) 2 T =1
7 cd fR=Hyedkili + v 2 57k 7 PR~ regenerator Py =
ey 2 vs wik=HEE~ T, 2) T, ETFTHEZHPF
a'b ed’ » working cylinder » [+ 4 2 |~ 7 55 48 2 JEBR
ik abed 7 il =%~ -
W [F427] »[22—Yv2 3427 v EETH v
regenerator »BR7 vIERN 2 TF=R78ev v/
H7F2res+)Y e ¥ aially

(MO) PFREM, (¥4 2] (Internal combustion engine

cycle)
Internal combustion engine =ff) 7 ~{EWE + v 72K+

BN ~2H A ER (petroleum vapour) 7 R0l 7 i

B y) | b Iy

=, AUt 2 $itE  ergine cylinder » A3 3 »» commu-
nicating vessel =Rr@rve)=viliz v iBArev 2
vEVRAHB =Ry IV 22T
b7 Al RRILEM ~EK 7 K=l v KEF*= 2 )k
7 TR » FRARTE = B~ 7 ~ AW + v 7SR T e
2= o v 7By | '
MR, [F427v] ~Z7 0 =KP2v= 78}
($8—7Ffi) Engines without compression
(#5—%F) Compression engines.

($5—A0) MERMER 7 * AMREHE (Internal combustion

engine without compression)

(1) [w~7— ] bk (The Lenoir engine)
18604 Pierre Lenoir £ =23 ) 7@Me v ve, =v 7K
H=ftesvarye, RS
fEW) 2 KEX 7 > 7
15 LR 7 8 o % VERRASE (admission valve) 787

TS P W IRAY 2 VIR BRI 7 WA 2 BERAER TR

IR P E,=RIHE 5 v R FEREKIE=2) THK e
257, Wiz v By v VEBRIER 3B = KR E=
oM 7E AR YERE T R, i~ 7 PR (ex-

haust valve) ~BREFITE/BY =ES * 2 M2 I

PSR (burnt product) ~WR§% 2 KiTRE 7 M =8 7 YEER ©

VANV

— L W e e W

—— T T i i T
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W 7 5k, e~ (fly wheel) ={K9 7358iv v 2 5 4 P ...absolute pressure in pounds per sq. ft.
WV » fﬁﬁﬁﬂ“*’“ﬂﬂ“’”-‘ﬂ k 3k = BR48 ) i iy | W -specific volume in cubic feet of mixture per pound
=R REY 7 MAAK Y TRATR=RR 7 <08/ iy = T ......absolute femperature in degree Fahrenheit.
R WA R— 2 %8 7 A8 RRBE 7 A X v ks S by boed @#B=Rr» PV. R T. 24 b.ed /28
N =", W (impulse) 74 xr 6 b 2 7 e v X ‘
M-+—B P-V diagram =40 7 » Lenoir engine fgy, [+ Q. 7~WAM, FRIME=1K) 78 2 VIRIE 2 v
A2m]) 2% 29Y | Q,=wC.(T.-T,) .
Fig. 11. |  RAW BB RN =R B ik
Vo=V, ap?2
T.=Ty+ w% , ) AN i)
WMAKR =R ~EAM=Rrr P + T/ WR= )
’l;: 2 5: .. P,=P, g: ot R

SN WM+~ ik (n=T) P.V,"=P,V,"
| P, \3
: Ve=Vo(p)

¥

% T=T(y;

l .

K= Q, U7 [YAzm] 7 v2rRIERY Ry 2
Brrvey
Q,=WC,(T‘-T,)

k o ARIRERR 2 KT = B A5G 2 W = R e 4K 2R e 5~ 2 AR F M AR (useful work available)

- ARORRIG 7 R« 5 » Bl AT o I) o i R T
TFAEF , 2 FYANES (mean effective pressure) + ~Bt15 2 MELEH
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#= pound = 7§ ) %2 »Z ¥, unbalanced pressure F » '
2? M. B P. a'-"ﬁ.nt;\'
M.E.P. x(V,-V,)=W Fmw=3)

. e
M.E.P. T + v

K==W/ HHRHUT N r2voe

W x N
P s N
33000

B2 Ba=Rrv[¥4s2m7] 7 ZhAE

E—Q"Q.!_—_ _._9_’._ = 1- TJ‘TE
R | e T

(S=F) MEHERMM (Compression engines)

Bt 2 R 7 Pk~ 17994 Philip Lebon K= 2 ) 7 §) # 7 Wfse

7B vavesF

MRYERN 7 ~BK=%7 kv 2 v BARNBH =FIR 7 v

3 bR 2 BB = 2 ) WS T 2 B KRR = 4 7 SR

2 FIBS~ 1B = 1K) 7 X /BIB) (shock) 7 EBfnAp =

9ﬁybxﬁﬁﬁ/ﬂ&7ﬂﬂfﬁyayab?ﬂrary
(1) A2 v~ 942,] (Theowocyekj 3

© 18624 Beau de Rochas = 9 21 & 5 v NMIRER 3 ) BB

2 [A2 b=FA2/] ~BA /i ARBR I BT+ &2 2
V—R7FenveE)F) ikt '
‘187645 Dr Otto »~jgs 9427 Vum‘ym?l.ﬂ!
Vi 73 EB - R55 2 DT 7 i —E 7 > =

=R iBITFe 2Nz

# yi | £ gl
(A2 b4 2] 2 BENARBT_R=2Rn2A M2 =
v 737 (BRI - LTS 2 v 5 v

aa SR CER 2 BAW 7 WA =RA 2 VR 2065E
T

ab B = ¥ 7 RIS, WK () AR

b seosenin Bfic > v 2 VIREENM EIK € 5 v 7 BriL
i

be eenes EBEW/ T=R7188%, 2 =81, L3

EE seent 7 NEEATRE = 1 7 MR RIAR AR

. RS ) B A ~ 58

- da YR NZER BH A =B 7 T

an’ e KEMWY 2 T =17 %l 7 YeBe ~ v BNFTRE
BIRA 4£Q 72b By c B=FrENH PB=2)

B AR A e

Q 1 =WC,(T,-T;-)
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XK= Q, 7. dBiay alﬁ-iﬂflmr-ﬂii.ﬁﬂ Y g~
it 0 R

Qz =Wcr(T¢-Tl )
Ky 7
. ~9:-Q,  wC,(T.-T,)-wC,(T,-T.
cycle efficiency (E) 0. wC. ()T -T;() )
_._._.1_T¢ T-
T,-T,

M >~ 7 R R v e A - BB - v ol
TV, =T,V," B T,V,"'=T,V,"'=y3
x va=vd Vc=vb b 8" 5

T, ST AT, 2

y ¢ P . TROENSE, S y -
. g "T"‘T.._ T' : an @ s B
w* ' Tﬁ-Tb Tt—

xe o) =(Be) mm

IS ORI ¥
(2) [7vA4+>.942m] (The Braytoncnle) """ :
18724 Brayton K=3)7tie5vam mm
 pressure combustion engine ~Jys [#4 27 ] 7 e mr=
)2y Ity I [Samm. ¥4 z 7] (Joule cycle) v 18

LIV bTY (. T=- 1% “Yo=it)

.‘ e ¥ r " - b uite

- 7 ¥ 83
b2 WK Wk =1E ) 7~ EWiR ¢ BR 7 WA R 5

W= 20 R v 2 5 VIRV BRI (receiver) f =

MEA € v 2 370 v 7 062 TG 2 ) Wi=FBr@p =170/
W W = REEA VRN = 2 VB K e v 2 5/ > €/
=77 BRERT 7T =17 RJER CHER 2 Bt 7 ZE»
W &~ 7 2 7 itk = 1R 7 MR R -~ KSRET) = 1t 7 BhBR
VAN T) |

[FvArv.=vFv | W2 [F427] ~BI=H=7">
»m |

' Eig. 13.

B

a'a WIS FREERAW 7 ~ A= BA X VBRALTR ab »
R =5 7 AL E Y 2 BIRNERG TR 7 75 b B = 7
Wik =7 ViRAY 2 Wik 7 AT ’iv?kz”
=R7REW - EHBA= A €2 5N

g & -
— i e, e - . - - e S = bl i s = — - L T . o— = S e T i, e ol S—S———
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be ~EMS 7 F =7 VERRAEYH MBI RAM=v 7 cd

SER =Ry VRAY BRI 7 v da ~ KERT =R 7

Fﬁﬂiﬁ/ YiEk € o ~PRTR 7 R A

4b a)c =FBrll=RrERRE (constant pressure

combustion) =P A v 8RE T Q, + A v
Q,=wCp(T.-T,)

Rdaya=Frvll=RrviE#R7 Q. +Rv
Q:=wC,p(T,-T.)

kK9 7 cycle efficiency (E)=" 69—

_ WC(T,-T, )-wCp(To-Ta) _q_Ta-T,
1 0d pr(Tn-Tb) . Tg-T b

B, (94 2rv]) =19 7 ~WEK v R =B -~ 7 <

> IX
Pu =Pb P4=P- '}')Vﬁ'ﬁ

g=tr - =(p=)7 FrR=K)

r=(p)7 B r=(3)7 tr7ms

T, T 3
) P,
_T‘, — T. fﬂ.“’ﬂ
T, T, y Ok, Al I %
KY7? gi=-- @7 5=,
» T'"TC Il
_+_T¢-T.__ I Te I V, i
B=1-pop=1-p=1-(y2)
P. u;: r
=1-( P,‘)

® % 8 85

b2 FHER» T2~ F4 27 =Rrrves tll—T 9K
Yy W RER— 2 voR oD H-H%, Hvrdk,
BB =k BN ERRE=1K) 7 ERT )

(8) [54 ¥w. ¥4 2] (The Diesel cycle)
B, [F42m]2[22 b= T4 2/] b =008 MiT
ERH=%Kvv2 3N~

Fig. 14.

B [FA4xv.=2vFr. ¥4 2m7] 752

Bt Ia o~ KN =7 MR 7 RA 2 V5% /) 201B1TH
7k v ab ~BRE ) RITR =1 > VHMER 7 R 2 ,
b ~EiRMERE =Ry v2E RIB?RAM= v 2 B=
> v EJ1 %) 500 pounds per square inch 7 ¥
MEREATRE 2 #E Y =% 7 WERRAREL 7 v Bk~ Hh AR 3 -~ R PR
B=KI'EBRrF vyER=evs 5 vl 7RER >N
R M A M EER TG VRS ? TR A =B Nz F

o —_ e il e R T
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9, ffii 7 be ~REL/ (LIS BRARER 7 R 2B = >~ 7 A =
ARV ERT v F e KREWITRE, 5 HE : 2RIBI e 2
2NV ®D PR
cd ~fEBTR =1 7 VI RRIDHE
A S 2 BB
da ~¥E, 2 2 BVMES 7 BT . (AR
al ~EERW PR eo Bl ITRE 7 R2E2T)
R=RiE ) 2 2 B2 VvEE7 Q. FR vy
Q, =wC,y(T.-T)) |
Ldaya=H=R7%§Bpes» - REK7 Q. tAv.
Q,=wC,(T,~T.) | |

kv 7 Efficiency ofcyclc(E)—Q‘é?' |

wC,(To-T, )-wC,(T,-T.)
wC,(T.-T,

- G- 16

HERE(M ) % R

(1) ‘A carnot engine contaning 10 pounds of air has at
the beginning of the expansion stroke a volume of 10
~ cubic. feet, and a pressure of 200 pounds per square inch
absolute, | | |

The exhaust temperature is O°F. If 10 B.T.U. of heat
are added to the cycle, find. '
.+ (a) -Efficiency of the cycle, : .

b 71 b | 87

(b) Work of the cycle,

(2) A carnot cycle has at the beginning of the expansion
stroke a ‘pressure of 75 lbs. per square inch absolute, a
volume of 2. cu. ft. and a temperature of 200°F. The
volume at the end of the isothermal expansion 18 4 cu, ft,
The exhaust temperature is 30°F. Find

(a) Heat added to cycle.
(b) Efficiency of cycle.
(¢) Work of cycle.

(3) In a carnot cycle the heat is added at a tempera-
ture of 400°F. and rejected at 70°F, The working subs-
tance 1s 1 lb. of air which has a volume of 2. cu. ft. at the
beginning and a volume of 4 cu. ft. at the end of the iso-
thermal expansion,

Find
(a) Volume at end of isothermal compression,
(b) Heat added to the cycle.
(c) H;:at rejected from cycle.
(d) Net work of the cycle,

(4) Calculate the theoretical pressures, volumes and

temperatures at each point of an Otto cycle, as well as
the mean effective pressure, horse power, and cycle efficiency
f“th'folbﬁngcondiﬁom.gﬁmﬂmtthem after
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compression is 180 lbs. per square inch gage, that 80 B.T.U. BhR AR BH
are added during combustion and that n in PV"=14; ( Properties of vapours)
P,=214.7 lbs. per square inch. V,=138. 6 cu. ft. (M—) MR vEREBN

T, =70 +459.56=25295°F absolute (Saturated and Superheated vapours)

| B = B2 e 22 ZEBRS B2 R~ N 2 i 7 Al = 2 9
itk e v 28rm =7 Il v 7 BT =5 7 7858 (point
of vaporization) Ve 3w~ BE?)Y 202 B =
r MR IR RERRME € v 2= 2
i 2 RS = e R 7 A 2 IR R
2/, Wiy 7, point of vaporization »BwE =8~ 7
N8 %27P)
WYR~7 v 2y =¥ 2 ¥ vaporization temperature
DE=7EBR 7B 2 v 2 v 7 BAERN (superheated
vapour) 8 2, Wil v 79k 2 BB/ » vaporization tem-
perature =2 ) ff= B2 ML 3 v 2 0§30 VEAREE # E 2NN
FP—F A7 L7 5E2FN 2 ik (Law of perfeet gnsm)' 7
HHANVa 7/ F)

(M) 7&% Mg (Theory of vaporization)

&= 0= My 2 DR B2 =3 W= Al v 2
point of vaporization =i 2 Mg ~{8-pF +4FK 2 M v It
=%’ kLR 7R ~7F 5k, point of vaporization »gh v
Mliz=8v7r—0Esr s 2Nl E=2) 7ER7
) B~ RSB 7 147 pounds per square inch ahsolute
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2 Sy = K, point of vaporization » 212°F. 3 150
pounds per square inch absolute » Wjy=J}t7 » 358°F. 7
% v =J{ ¥ ammonia vapour / FE§EE§-~ 150 pounds per
square inch absolute , JEJp=}7 = f» =7TFF. =¥ =

i » 7 W7 2 30 = b v IR 2 35 = v~ WS 2 2 2 —JR
e VERT 7 ~HBIER BV =%7ATH/ 57 2T 3
XS =37 7 B+ 3 vl * RRIE 2 KR 7 RIREGEH €Y
e :'5?';”'“ Y

BB = v 2 R E2 Vb ¥ ~PIERE, R TRY
w7 e IRBETE M =18 7 T 7 Wil LK T R /M 7 B A
o ol v 7B/ —E 7 S =1 7 R~ 5 v 2 VR 2 SRR
7 BB e v vz s=He v RR7 KX BH &
g4, (latent heat of vaporization) #g=, Wi~ 78RR
)N ER 7 2BER v 27 v 2 VISR Z 2ABR 7 ~R K

PR (dry vapour) , JEARE (specific volume) +3x77)

Wt 2 B~y =3 ) 7ERT Y |
BRAET I~ b % 30 BRI 7 ~WEERRE (wet
vapour) Fi§AE)F# wet vapour b ~3t, vapour 2 fEF v
2 » liquid ¢ vapour + vH=#er=r7BRAVE/
= 737 vapour » WA 7 LA 73 7 @R (quality) 7
Fer 2

B~ <7 7 quality # 97% + ¥ b lpound  wet steam
IR 9% ~ERER=v7 3% »KFIm¥2TRRA

oot y) ] B 91

BB 2 B~ 2 WEIE (quality) 732 = 6 € Hti 2 v =
2 F v R R WE BN = B 7 TR 2 ) R =38
ANMNEN—ET)

)~ v 150 pounds per square inch absolute , ) =§ 7 »
steam vapour 2 j@J¥ 3, quality » 010, 0.75, - 1.00
+m b efilbi= 358°F. )

22 F VIERIER 7 7 v 2 VW 387 0 7 VU~ RIE 2 S
72 b3t = 20002 80 7 AW o Wi 2 dn 2 = 7
Wl -~ @ #ARNIE (superheated vapour condrtton) =f{E)

(M=) #§ER&K (Vapour table)

fa F 7 iRNE 2 T = r v = Rk B RN
METP SRR CiRE 2 MELRGRE 7 ~HRE 2 ) BE v BR
=3V 8K+ 7 v BB (empirical equation) ==
YHB IR e s va v, o BBEERF VB =
F MKk e BMEN > properties 7552

(M) FmENR 2 WERT K ARG (Relation between

Temperature, Pressnre and Volume of Saturated
steam)
R JEE Ty B v R 2 SREF v HEWGR~ 5 Regnault [
(French -engineer) 2 EEB=23) 7hEriv2) v/ 1R
“BIEF/ RE7 V=2 vIBReIE I REZV YR K
BER=R7Z2T VERER 7@~ = HiET ) v=EBH
eve’ T
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=07 R 2R % *8E=87 ~LREMBER 2 B
SRE 2 LS =X 2RRNRE , —E 7 LR =By 5
~WEE * RS 2 WME, My K2R P varwvgl-
pounds per spuare inch =2 YR~ I v 7 v ¥ MNP L7 G
1=, pounds per square foot = F;R¥ v 2 MIRT1 7 a2
> 7 HmAEK 2 AR (v) ~ K2 AR (o) ReBRER /
M=Rr 878N (v 2 =%y

B> v=o+u |
(MF) Wi Wik (Heat in the liguid) (h or q)
RARE t. =57 »XK 1 pound Vﬁ!Zv! P pounds per
square foot Jw—EM), F =82 VERIE 2 BTy =8 =2 »~
BRM =82 vk BR AR =2BRIE e 297 =
Evey, 2 BARBIM~ v AR K7 IRET t, 2
y tERamvBr-Bikeo5v t E=iRv2 ViR~ v 4
1% O ATV S Pt T -
KIBBARRY F =+ E~Br»BoR 7 E, Ry 70
B =55 R v 5 vz rRE

(t—t, ) heat units
Fre iKY 7 (-4, )xT8 o foot ponnd SREY =8y » it
Hht 7 o5 2
KIBRAVBR=-RIBV—ER)E=FevirvBr=Fe 5
PoRJIRHB e e R BE t, 7 oREAMPE T
Y, Mv7@58E Eile=8%k=29 Bit= 29 RRiEE

# 71 AL 93

SF 7 oPIEMREN XWER v E L TR P A
—Rr=B8t b (B + v 7 ~q) 7B17 K~ 1 pound 7 ¢ S2F.
2 9 9K/ Bk o) 2 VIBINIET 2 v 2 5 = B A M RRTR T 2
yoa
A3 € heat of liquid (h) $ »~ 1 pound » K7 .v 32°F. =
) BAREE R 2 v =2 v BIR T Y

#rs h=(; ca

t, «--+--freezing temperature of water

i tempirktins 'to’ whith the Wkt i salial
ReviFrzeC o Borrl=2yvr2)Fviii=Btrv7»

h(B.T.U.)=t32 t++22+78

Steam table =§2ik v 7 » heat of liquid h ~K, kM7 .~
variable by 7R v 2V 2 >
KIRv2VERBRBRIER BIYl=R7M~2 v il
P REAK W =A vy~ 2B v 2B~V =
22y 7K KR= 29 B¥ v2 vBEEH BB BeEER

R/ e) )
(Pg5%) 7EBil# (Latent heat of evaporation) (L or r)
C R=2RIMAR BE A VBAR B =R A BRI

Kt =2 vk R RE=Rr vIER=BLev 235
e =y IELRE,) LA TR vt 2 BB (evapo-
ration or vaporization) ZiR{TANVB L= P2 7 EE




oL i 7 2

2B 7B A
J 2 EHESH 2 B =40 7 B v~ Wik 7 iR R ATRE ®
m’ﬁi/ﬁggymawvﬁﬂﬁﬂtﬁvﬁﬂm) 1 pound 7 ¥
) TR 7 ABRR =By avBs=ReIr R
W7o+ =7, iy 70k, latent heat of steam 7R
2=l L (B v7or) FMRER7E=

i » latent heat , fii~FBb{EIH 2 AT * FMTy = 1K) 7 9
Brgrves =y 7B =RrVEs 3 )~ EMETT =5

y v &) »FETFAT T A A
Nk 5 7 8k (latent heat of saturated steam) -~ KEEX /7

ARX=2) 7§HAarv=2171
L == 970.4-0.655( £-212)-0.00045( t-212) *
(H-L) BB =17 »HBEE
(External work of evaporation) (APu)
AERER M=R7BEe7r ¥/ — SRR 7 B2 2
s=1Benv~>2/) TV PR =0 7 RBRIER 2 BrE
A= BHET AR B PR VAY T8 TR LA
latent heat , KiSF~ I/ Pl (=4 va—) 23Rk

wEITY
i v 7 06 2 SN 7 FABs=2FEe i~ B Pu7zll7

RrA=2 78

b y) % o 95

changed into s;:eam
FRAE) PR
B ~ - FESEEREN = B o M BRAEHRR 2 » K7 WRIRE =R 7 » 1
pound 2 %8f§ ¢ »#) iy cubic foot >+ 9, K) 7 —%EMN P
(pounds per square foot) =#%» V cubic foot » 55 74§
2 v 1pound 7 TR 7 MK = » =B ~ B » ~ AL foot
pound L =R R/ M2 K 2= F 7R ¥
f) # external work=Pu=P(V-y;)ft.-lbs.
YA = v r W=APu (BT.U.)
My A= =7
jt 2 equation ={K Y SKLFEM 2 1 =12 »SHATEE -~ RET7
*fHa) = HME*E=RiPbFr=2r 7RI\ B ITH
2 VA %IEHEP 7 equation =S P ~ERT =17
AT AT Y, #2 7 HSE > heat equivalent i
T=Rrmva) =B =R7 M~ vizrik, M7 4
ave)FN= 75 By |
(MA) %% @ik (Total heat of steam) (H)
Steam , f#% + ~—EMS 2 F=# > 32°F. , 7K 1 pound
TR =Rr rRK RE=-B VB s =T I¥ i
REM/ MIMArvesr=v7 H FrRBIHUI R 2o
H (per pound of steam)=h+L(B.T.U.)
i 77K, sensible heat h. »» steam JBK € 57 > Eh=

MEAVEEt 239 29 varves RSy *7ik=

———— — e ——— —
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H=(t-32)+L
#). Absolute pressure 115 pounds per square inch )
A = & hoiler =¥ »#KM 1 pound it 75 v =
. Steam table ={§ v+ 115 lbs. per square inch absolute
=% 2 ViRJE » 338°F. I latent heat of vaporization
» 880. BT.U. per pound = ¥ 7&K~ i#fk-~ 1189
B.T.U. per pound #+»= ¢ 750 ) f§~< ¥
AR =K Y 3t 7 AR 7 HlH €7
H =(338-32) +880=1186 B.T.U. per pound.
Ap:y constant pressure ) FP=R7BER 7@Ky x v
b v latent heat =% ¥#fk 7 <3 B/ =2V il
yanmvIRA
(M) BEBIEM=Rr vRE [=3rvx~] 78k =7%5%/
A3 [= 4 » & —) (Internal energy of evaporation
and of steam)
BF =~ vin 2 BBAER 2 M =R 7 M~ 7 v 2 R K5
A3 ERE R (= rvy—] v 39 —Hi5 7 W28
B7r2Bs=HReINV
A1 Rk =8 7 » ¥ [ =4 » ¥~ | (internal energy of
vaporization) /M7 ~ L FrRE7UT R €7

I =L-PLZw) 3y

ji 2 A~ iBjE t # /K2 1 pound ?dxzmz'lﬁalﬂ:
ey A2 VG=2Ry VAR =F &~ VBRI A= T)

# y) L3 97

—H =K =W 2 AKX~ 32F. , K7 M4 (arbitrary star-
ting point) MR/ HRIfT7es =2 v i B-FBIVEE
/A [=dvy—] 7fk=RR7 e Ff—F ~ILEM 7 R 2 v
T2 bR, M7k’ (=4 vy~ VBRI Ve, K
fLfER 7 =R NABHERE7 F 28 2 =B F BBV E =&
HKyMIAvzrBR 7B 7727

k) 7 MJy P (pounds per square foot) =% MM
1 ponnd A A MBS [= 4~ ~ | (In) 88 H =2
ShaBALHE  $48 B (heat equivalent of the external work done)
TR 2Vve) =%y

- H (V"'il'ﬂ)
gp+ Iy=H-P A L

Bt 7 MGRA 78K 2 ISR = MEFETE 2 47~ ~ M =1 7 4R
e vBAERHERAFER I vE) =T
heat taken in=increase of internal energy +external work

done.

s WER =8 7 v rin 2 45t 2 —I0 7 SEM = BBk 7 o0
Rawv=br 78~v, 7 compression 2 BH=R7»
external work >~ negative F 7 J steam 2 k=89 v 2 vt
 SERE _

— = 7 TR BT 2 2 2 =My 2 MR o
AR~ RBER M=Br» NBHR=3k2 v vl 2 7
E5F Y, K) 7RMBE 7 §H5 = K7 &= VB = %5

- B I e VBEANTE A
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o BE7Bmy o~ 3F. 7R ¢ K 1 pound i = it +
v 2 vB2RMl [ =i vx—]
total internal energy supplied above 32°F. per pound of

steam.

—h4L- P(V=sv) _pg (L-

(£O) EFEW=R7 VK MK
(Steam formed at constant volume)

B~ > boiler 2 J engine =F» pipe connections 7 R
2 Be 2 BT —E=R7 boiler f=H7 saturated
steam ?ﬂﬁzwﬁ-nﬁﬁﬁ—i‘fﬁ/fﬂiﬂg*ﬂmg
FFF Xy TR~ T2 VB RER A (=2 vy~
Iy ryilE~or, Mivils [=idvy—] 7Rk —%
WSy =58 7 IR IE 7 #i v 5 v~ B =7 VIR 7 BRI
H a3y
P(;’;s"“) BT.U. b+ v

By EX=R7r»

P steam /fE5» v } ¥, absolute pressure 7 ~Fj

. R4 = pound = 7RV €/
Vewofify P =7 vBE 2 BW7 ~AFR=FReNV=E
7

v
(Fi—) BHEK (Wet steam)

Bf =~ 2 vEIER + ~BRBIERA Y E2 =BT vk, 2

® 7 L 99

W RR=Bf v 7 vE=KB IR~ YV RETE 7
BRv v =RWEE, BH boiler 3 YHANVEE - F2=HBB v
A2v¥MBRT Y, E s+ boiler =47 MK+ v
WER - CRBIRE =725 7 BB KB 7EF AV =}
79, Bo/ 2 AR P = G T BT 2 AR = 7 KGR 7
Waeres 7 RMEBR (wet steam) B2, Wi~ 70~
RER , BRI~ B2 7 RE BE X v TBIEA VIR ) 7B
A=~ v7 Vv REE » BRE tR—7 Y

GATIRM 1 pound =477 2 22K 2 Wik » WAFER 1 pound
s B/ 7 ~@RBE (degree of wetness) +fBs, S/} 7
HAlb= 7R v 227 7 percentage of moisture L~
per cent wet. pE 7, 4@ wet steam 1 pound s F=
0.0+ pound 2 KA 7B A M + % »3L 2 steam » 4. per cent
wet ) b X7 A

BEEE  RE7R2=8Y « Fridk=2) 78 ¥
WK 7 Hlk (quality of steam) +rE3E7 @AY =
P79, Bb2 BEEIAN 1 pound F=G~ o HRER
/WA ERAY 2 I F P~ WHER 1 pound =
0.0% pound 2 KFFEEAN b ¥ k2 wet steam / quality

._J'\

1-0.0£=0.96
L~ 96 per cent 7 Y FHRA NV ¥ v
BER~2viE=23) z F» quality 742 viBRER 1
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il

pound 2 Ak~ 2 L Fr¥atBi2T Y, FEE= wet

steam 1 pound » 4 2 Vil gkit »~ h+ol = & 737 FR(»
2( V- 35 ) +s5=2V +55(1-2)=2V 7

%5 steam »ix v BERE=7) 7K/ BRIE 25

I B Jo(1=w) ~EH v AT ) '

=29 7 wet steam 1 pound » 4 2 VAW =A X -]

(Fi=) B#HK (Superheated steam)
HS 2 B MR F 3 S =M A RRRE 2 Y R
i~ BE BRI v2 ) PBA, iy 7k Rig=7
VESR W~ BIRIE= 7 VAV ERT Ve = v T
7 EEE =Bk e 5 v b 30 R RN R
p—FANvE,T)
B BRERE cRPBERE A= ERe7v7 ) (B=ER
#2)
GRRIER =7 ) 7 ~ R =B v3b 7 GERR AR
w24, Rer e BRBRR=7 Y 7 ~BVES =B
ks, BEM L W% FrRIEZH -:/ﬁwe ) =v ik
KA 2 % = By VILEHGE = 28 R AW 74 =,
i v 745 = 22 FH 2 fn 2 3t 7 AR (cubic feet per pound)
7 LS =fRemArv e/ 79

(=) BRER 2RE

(Total heat of superheated steam)

® 71 . 101

BEER A2 7 2RE - BIER HArERIE=LA VT
L+ r W23 Y, iy s dry saturated steam ) %
it~ E=RMW 2 imz h+l =32) 7R3y =
D i rBfke 5 v 2 vBRIER A A 28R H, ~XX
=KY IR TV

H.=h+L+é:l@\.
1K) 7 2B T =M 2 /IR 2 BE 7 o0t BRE
WO BET iy PRV

H,=h+L+C,(t,up~-tsu:)
g2 1, ~BHEN 2 2HRERE 2 v 32F, » 7K 1 pound
7 = W = BRI B A v = B2 VN 7 2
€27 _
2% = bk 2 AR = M 2 viBRER 1 pound /A5 A B
[=4mx=— 17 7R 2 ¥+ e~ RBEAR CBRIEDP =R
P LR 2.5 Jix S )RR LYy
g+

IH =h+L- P(VI';Tis_ "’:[) +Cp(tuup"t|nt)

b P(vl u%:.‘E-L=h+L+Cp(t.up-tllt) |

Pvnnp"‘il'l ._ P(V,. _“
_ RVoin) g PV i)
ER=Hrm fo o term R 2 BB =07 2

MITE R, fivTEB=IK) 7 X VERKRFVRE 10 %
PDk=i&2r= vt '
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-k BRETH~r kX K27 BE 2~ v

i PR WS B RO e AT PR LA

A 165 pounds per square inch absolute 2 ijj 7 4§ ¥ 150°F.
A riBfe v e vERT IR 2 BN 2RRZAHAV=
WA= 7

sensible heat or heat of liquid=338.2

heat of vaporization=856.8
constant pressure =jr viBHEN 2 L, mean value
(calculated by integration from Knoblauch and Jakob’
Data) - 0552 > » 5=
H. =h+L+C, x 150=338,2 4 856.8+ 0.552 x
150=1277.7 B.T.U,
#k 2 value » Marks and Davis’ steam table (F=%) =R
~ v ffi 12776 R FEl—7 )
LBMBR . LB K2 xWBR=23) T R2v2 75
e # |
v=[0:5962T-p(1+0.0014p)( O - 0.0833) | _11;

i Aep =7 »
p =pressure in pounds per square inch.

=volume in cubic feet per pound.
T=t+460 is absolute temperature in the Fahrenheit
scale. _
(i) BRWRELE-§H=7") i»aﬁaz—%’_ s T 4l

v

b v $ -

» 13 vE2TINV

(FiM) B AER =K R 2

(Drying of steam by Throttling or Wire-drawing)
ARER=RN7Er=W» v 2> MM F Vil 7 K 7E
oLy v 2 BN K 2RP2NVI Ry
3t 2 R 7 ~BAE AR B PR A
Bt 2 B0 2 REARTE = B 7 Sy~ FRE A v 2R 7 BY v
» 7 L7 eANiB i e v IR v ool BORR © ] 2 SR
RRE=7ves F v niif e vy 2F iy, X >HERE
RN 1 pound 7 A ERIR Ky 2R BRI =K) 7%
7 v= 2] 7 X radiation F ¥ = 2 b w<J 2 BTEH 2 Witk
=R r vIEE 1 pound A2 Bk B X707 )
H-BMERKT I Ry 2 7Y b esxH7 wet steam
TRV i

hy+a,L, )
iy B, g L, »~§E# 7, Wj1=# 7 » heat of liquid R
latent heat IARAES P A
R=BIERR=-Rr »BR > BRECHR7 ~ h, Re L, ©

v BRY 2, =882 r e~ @NRE» h,42.L, >
Y, W v 7BIEM 2 Bk =5 7 3t 7 RIR~WEF v * vk

hi+z,L,=h;+2z,L,

S By= z, L, {#‘:hf

MLZECER B 2AVGE =7 ik ERIER - BRS

= e - T A2 s R B Rl | e T

- il i o — e gy i g
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» boiler = ¥ K5 = KK 7 W = ~ PRI = 3B~ » = b
I8, @FREIL 2 IR R =BT ~E KT A XY 7
BEGIRRIE= 7 v F =2 500 =F v RAEH B2%
KA BR TP DT =RR HET RN IR
o BER RBI BN 2vE) = Throttling calorimeter
Ty
(HF)  BErb =12 VIBRA 7 RE
(Determination of the moisture in steam)
S 7 MINEE 7 g A v = » steam calorimeter 7 fj=, Jb
s calorimeter = ~SM7 vikZv 7 Zfi=Kp2» 2+ 7R
(1) Throttling or superheating calorimeters.
(2) Separating calorimeters.
(8) Condensing calorimeters. j&7 )
(%) [2ev ) vr|Bi» [R-rmt=FvF 2u) 2
~ % — | (Throttling or Superheating calorimeter)
HEi—E=Reosrvs [2e) 2—2~] ) FR~BR7 v 7
ML7EB e v A BAER=2)2Z2v7BR 7K 8H7 ~
=
BHHAEX BE, KE7RA
MW |
0 ++++-:C # » chamber =7&5 7 € v 2 ¥/l
T «+++..C 9w chamber F=§A € 7 v 2 VERF
V, - calorimeter {2 MJ) 7 @5 A » 2 5 7 KBS 7

e 71 m 105
A2~ 24 =R+ 7~ cock. +
Fig. 15.

Jt/ calorimeter =7 9 7 ~3t 7 5B 2M I = A AFES
fvel REWR7 U7 %E2=-%W2r» 78 =, I/ BRY v
v 7k EliE v s o hairfelt +
Bl Bl RRTF FYMEBHRIER, 2 2 BK 7 —B
K BES 7 BRIE =57 »#K 7 > calorimeter A =2 15 |
Yot 2 SR ~2 27880k, =) 200 o ;
calorimeter =i« 57 K B =W Y BrI§~ ori-
fice =7 MR/ 2 2 BAMERIER 3 7 TR 7 ~ B A
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gt » calorimeter ¥ e & »ifp wet steam 2 {EHREN 7 §E)K
»RE=239 7RV 71H
4 P,=steam pressure in main, pounds per square inch
absolute,

=% ¥ y—RE=KK It/ calorimeter W =#7 5 )4
F 10°F, #ri@fkeo v =7 59 v kT Y EER 7RV
i~ XMF € v orifice / (% 18 77 0 = 1 o v IREE o calorimeter
A NSy =4l A viBIE 2 ) H 23k B-10°F BErRa=R7
R NS PREX TNV

Jj » throttling calorimeter / KRB PR =3 )
iﬁﬂ? 9, i~ 35 pounds per square inch absolute /
EE=7V7» 2% UL/ W7 Ak A v BRANV 2 PR
A HE+ v3k 150 pounds per square inch absolute » ¥+ v

P,=steam pressure in calorimeter, ponnds per square
inch absolute,

t, =temperature in calorimeter, degrees in Fahrenheit,

L,h,=heat of vaporization and heat of liquid corres-
ponding to pressure P, (B.T.U.)

»# 5%, 250 pounds per square inch absolute » 7R 7+ v H,t,=total heat (B.T.U.) and temperature (degrees

Sfy T% M2 KR 7AE A2 BRAVY = IR IRV Y E
RV Ty =8 2 VIRE T VG / limit - calorimeter P/ JEJ]
=Ky 7 &Y EZRTNVEI A

calorimeter ={it#y 2 v KB b ANV engine, turbin®

5 boiler=Jf ¥ Tiii4E 2 VLY Av > 7 EAK =l V.

Fahrenheit) corresponding to pressure P,
C,=specific heat of superheated steam. Assume (.47
for low pressures existing in calorimeter,
@, =initial quality of steam,
b2 vor orifice 7ififi€ b 2 wet steam 1 pound ) A

» V, >~ cock 28t vavik=T 3F viIBAN S ot F 0t
Adts WE7 WE A ~<» 7 X, ok, BT BV b ¥ z L, +h, 9
chamber C A, W/ =87 7Ky KBEHEH 7 e 2 vEe i v 7 kit =4t 7 32 B v 2k 2 ) + 2 v ofl—K
F v KB X Y v~ = BVF 2 RS 2 WSyt 7 88 i BE HAv2RE
- H, +Cp(te-t,)

Fewm b 5F v RENE, BT 2 I~ 27 - BERB €
GV Y2 pPTNVIY

jt calorimeter i 7 M ~MA € 7 v 7 VER ¥ BB
y;,‘_;y“;'ﬁg-t viANVBREATEI P A

AR =R ISR R > x=/ 2
Q'L, ""h; =H, +Cp(t¢"'tl)

e 7 a = H,+Cy(t.~t,)-h, _H,+047(t.-t,)-h,
1 ' Lr,' W

—
.
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. Absolute pressure 100 pounds per square inch 7 V&5

9 ,¢ throttling calorimeter R =32 v2» + * X/ RE

243°F. 757 »3t 7 MEJy 15 pounds per square inch absolute
FY v rE7, R 7 v 2R ERF
M. Bk AX7ER >

H, +C,(t,~t,)=1150.7+0.47(243-213)

=1164.8 B.T.U. per pound

calorimeter =324 77 ~ LIl = B 7 3B 7 A = MR
h 4+2,L, 9, ffi ¥ 7 100 pounds per square inch absolute
7 H =7

h,=2983 L, =888

.. Z2%kjt =208.3+2,888 (in B.T.U, per pound )

i v 7 calorimeter ={t#h+ 5 v x VIR 2 A » MR~
B 7 JRiE = 7 R =T v * T

208.3 +-888x , =1164.8

. x, =0.976
N+ &K 2 4 2 quality -~ 2.4 per cent wet 7 )
(Fig) [~22. 22 b ) ¥ 7. 0w) 2 =5~ |

(Barrus' Throttling calorimeter)
i » throttling calorimeter 7 R eV € 7 = v 7—E=%
Hesv X7 7.
B, calorimeter =7 ) 7 »E&fat 7 va kR S RY
=it s WIE 7 AT Y 7 KK HE =282 R0

# b A 109

7Ry Tul= calorimeter B Wy K SMES v RBEF ¥
- mz¥Besvrvnik=, 8= 7 9 7 K #iE
ERERT)Y

Fig. 16.

4 calorimeter i =} » »
M2y EAEHS » K 7 oK%
t. Re™ t, P t, »
calorimeter B, B 7 75
v t, » KR =HE =
VRETRATUF

”

-'i'-';'..?;
V/
g
7
7
7

H,+047(t,~t;)-h,
| L

2 equation = 3 Y IRK B 2 K . FREAV=+ 75
#175H»~ Barrus’ throttling steam calorimeter , KB =
ERGHA/ MBI R22/ 7))

(EA) [exv—Fvr o) 22~

Gmmmwwwﬁmmﬂ

| Wik » fm 2 throttling calorimeter + v € » M BEAAE N 17 7
vor 206 P EWHE 2 boiler pressure F voe 5% DI LA 7
HANER R 7 QA =8 e ¥V 707l v L7 85
7H AV wet steam , quality FREAVIBE = »—f =
separating calorimeter 7 {ii fj =
separating calorimeter {4 = KK =Kl v 7 v 2 158/
FHEZS 2 2 KFP 7 R 2 ) RO = e v A v BER T Y

g

i, e - = 'r'_:"l-_-“l_jr B - e B e T B
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Mt » calorimeter = APl e 5 v a2 RS TR AVE 2
HE e Writ 7 ¥R 7Y

gk » calorimeter =% 7 7K » FRREY = FME € I il =1
7 HBH 7 MR v 7 EE TR AV 2 2 = v 7 KRR =
Pe € 37 s T =R 7 KK 2 ) A 300 (5 1KY TR
) inertia 2 eF M & 2 = KR K = FMEERE A = BRI € v 2
SWs=wves 1)

B R A~ % RS+ R —iREE 7 4§ = v live steam 7 ¥
WK (steam jacket) = (i v@rmz Kl 7 v iy s
parating calorimeter  —ffi 7 75 A

B AR 7 S 2 R

Beiaess i"ﬂ”‘t F )V » cup
Fig. 17. B~ A fﬂil’a Y

cupB =jichf € 7~ ~ =R
yHevF 180° A rH %
BA 7@ 2 IV
¥ =Kz cup 7 EE
=777 V TN
= 8l e 5 vEREN
»~ kA= W +»8n
a2 Y94, jacketing cha-
mber ] 7HE7 FPRev&=
N+rElin=? iles

B y)] il 111

23ms N > nozzle R 28 =i 2 E#E 2 VI
W=l vl 2 7 /> vl = calorimeter v jacket =
B Ry VBN, 7RIV F v, iy, glass
gage G =~} e~ Kik 7 #HM 2 » 2 2 ordinary working
pressure = #if » MM =48 7 pound » 1. fi= 7 level /4
7z 22 B 7 Y
P ~HEEHit= v 7 jacket =R ¥RJJ 77K~ pet cock
C ~BARA=£KeyK7§¥BRRArA=1kx 5V
N +» nozzle = ~n—AK ) B 78 M 2ZvIXKevHIA=§
* B 7 ~B0K € ~ 2 BAFK € 7 HG 2 Bk 7 Bid = N
vB2r 3 RBE=-Rr7»ER /7 E=2) 7K rEXR
BRoRarv=2tr 788 4
W......orifice N7l ~ 7 il v 2 »HIRAK 2 B
wee-ZMlif ¥ 7 v K Bk

|

quality of steam =7
FrrR=a) 7Bl 2= 788
(RA) [=2vFryvyr|g, I';u'-? vV e ) A ]
(Condensing or Barrel calorimeter) |
5% Pl moisture 74 2 R =8v 7~k 7 B conden-
_sing calorimeter 7 {fJH « —JR¥E > ~ER 7 193 Bl

IR~ e K R TRE e/ HRTE BT,

i T ."‘-r--lJ‘" L e . T -

o — —_— -

e ——
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%SRB v v b AVBRE AN BB =My 7 v TR =KD
7okep = n MR Y 7K 7 RIEIRK 2 K7 2 2 iR ER A
WVaBWe2 Y
B2 B4 wet steam 2 e 2 R K= 3 VR I v
2 vk =% v % 707 KA 2 K 2 Bk =R BRE Y
B v B BE 7HB B2~
A We-Wa7K 2 Be#) » ik (pounds)

weeo A v 2 ViR 2 Bk (pounds)

t, K2 RE (EK)

t, - METEA L 2 2 v RE (EK)

ty R 2 K (FEK)

| t, FiRE=Fr vERXK B

[

heat lost by wet steam=heat gained by water

Fr AR 7 Mm>BE 7S
fpF wzL+w(t,-t,)=W(t,-t,)

2 el W(t,-t,)-:(t.-t,)

(R0) FHEERRECHRBEREK
(Equivalent evaporation and Factor of evaporation)

HixF VR 7 T =17 R~ BRERK 7 S~ »~ =P v K
eI~ FBRETHBEA =8 7 57 BKIREE = 7K FE
N7 ~BEAV =BT Y, BVRART vHR 7 BRE

® 7 . 113
M2 2 QKRER > v BRBRELEZ v 7 B2 =T
VY b B LRV S
JESF 2 Btk (data) - boiler test /g5 7 Jel 2 v k=
R EIrrve) >
B2 A1IERE 2 W b 7 ~KSES 147 pounds per square
inch absolute =} » 212°F. , 7k 1 pound 2730
R=RrrBER=-Beyar=He5» #ik7 =
Bt 7 FEWRAE =42 7 »~K 1 pound =4

h=0 L=9704 B.T.U.

>3
%% = absolute pressure 200 pounds per square inch » boiler
7 ) feed water ,ifjjf~ 190°F. + 9, 4~ boiler = 7
&K, 1pound 7§+ =32 5~ #ik+ standard condi-
tion =jr VIIEREE+ 7B =
absolute pmmm 200 pounds per square inch =K 1
pound /2 » heat of liquid h=3549 BT.U. =3 7 heat
of vaporization L=8132 B.T.U, per pound + ¥
M7 feed water /i~ 190°F. 773, K, A
» heat of liquid

h,=157.9 B.T.U. per pound + ¥

> 70/ RE=R7H/E 1 pound 78K 2~ = QB> »2

R ol
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843.2 4 (354.9-157-9)=1040.2 B.T.U. per pound
B BN 2 B 2 MEEE 3 v 2 v 2Ry 212F. =R7
ok 1 pound 7 o2EBRHRE = B 7 ~HERBIRN = R X
Br=Fe v 8+ /7~ factor of evaporation IJ#

R
g BhH=Rr»r
| : 1040.2
factor of evaporation 970 4
— =

F eneee factor of evaporation

h -eeene heat of liquid

L oo heat of evaporation

h,.....-heat of liquid corresponding to the temperature

of feed water.

| -3 P
970.4

Wil ¥ 7 boiler & = 7 WP € 2 v & vk ) TR (pounds
per hour) 7 W + 2 vz ve factor of evaporation 73
o 2 ) 7o equivalent evaperation A

Ky 7

: . o L+(h—h,)
equivalent evaporation=W 9704

(A—) BHARAW v 7 2 RBER
(Vapours as Refrigerating Media)
BEIH 2 WA+ ¥ 7 ~—f= ammonia 7 HER) % v ¥ =

-

* b, i 115

t ¥ 7 » carbon dioxide ®» sulphur dioxide 7 fii i =
7Y ‘
BHEA s ~ 7 2 (B3, 98 2 latent heat, vapori-
zation temperature, R I/ LB BH=2) 7E~
» X7BRERT v BBERN=222 /R 7l 2 =
bR WY TR T MERE 2 BHKTE S v R
=RIETF + v 2 [Pr R RRJER = WHM 2 BIE 2 7 1
N =7 v Ny, MEBRJE (vaporization temperature) =
Kre,=vr7dk, BRBRE/IKE>BUEMY b » 788 =
HYRE(R) '
(1) Dry and saturated steam has a pressure of 100 lbs.

per sq. in. absolute, Calculate the temperature of the
steam, volume per pound, the heat of the liquid, the la-
tent heat, and the total heat above 32°F. per pound of the
Woemm
(2) Dry and saturated steam has a temperature of
300°F. What 18 its pressure, heat of the liquid, latent heat,
and total heat.?
(3) A closed tank contains 9 cu. ft. of dry and satu-
rated steam at a pressure of 150 Ibs. per sq. in. absolute.
(a) Whatisiint&nprattm.?
(b) How many pounds of steam does the tank
contain.?

s e el I —) T — R —
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(4) A boiler generates dry and saturated steam under

a pressure of 200 lbs. per sq. in, absolute.
(a) What is the temperature of the steam.?
(b) How many British thermal units are required to
generate 1 1b. of this steam if the feed water is
admitted at 32°F. 7
(¢) How many British thermal units are required to
generate 1 1b. of this steam from feed water at
60°F. into the steam at the pressure stated at
the beginning of this problem.
(5) One pound of dry and saturated steam 1s at a

pressure of 250 Ibs. per sq. in, absolute.
(a) What is its internal energy of evaporation.?
(b) What is its total internal energy above 32°F.7
(¢ ) How much external work was done during the
evagoration.?

(6) Dry and saturated steam is generated in a boiler
and has a temperature of 400°F. The feed water enters
the boiler at 200°F.

(a) What pressure is carried in the boiler.?
(b) What is the total heat supplied to generate 1 Ib.
of this steam.?

(7) One pound of steam at a pressure of 100 lbs. sq.

B =t l:.-;-.;—h_i_-hlh—:.—q.-ﬂ-fi—.ﬂ‘r'—e*&.' :

bk 71 £ 117

in. absolute has a quality of 90 per cent dry.
What is its temperature.?

(8) How many British thermal units would be required
to raise the pound of steam in above problem from 32°F. to
the boiling point corresponding to the pressure stated.?

(9) What would be the volume of a pound of steam
for the conditions stated in problem 7.7

(10) How many heat units (latent heat) are required to

evaporate the steam in problem 7.7
(11) What is the amount of the total heat (above 32°F,)

of the steam in problem 7.7

(12) What would be the external work of evaporation
of the steam in problem 7.?

(13) What is the internal energy of evaporation of the
steam in problem 7.7 .

(14) What is the total internal energy of the steam in
problem 7.7

(15) A tank contains 9 cu. ft. of steam at 100 lbs. per
sq. in. absolute pressure which has a quality. of 0.95.
How many pounds of steam dose the tank contain.?

(16) Two pounds of steam have a volume of 8 cu. ft.

at a pressure of 100 lbs. per sq. in. absolute. What is the

‘-"‘# - =

quality.?
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(17) One pound of steam having a quality of 0.95 has

a temperature of 324°F. What is the pressure,’

(18) Ono pound of steam at a pressure of 300 Ibs. per
sq. in, absolute has a volume of 180 cu. ft.
Is it saturated or superheated.?

(19) Steam in @ steam pipe has pressure of 110.3 lbs.
per sq. in. by the gage. A thermometer in the steam regi-
 sters 385°F. Atmospheric pressure is 14.7 lbs. per 8q. in.
absolute. Is the steam superheated, and i superheated how
many degrees.’

(20) Steam at a pressure of 200 lbs. per sq. in. absolute
passes through a throttling calormmeter.

After expansion into the calorimeter the temperature of this
steam i8 250°F. and the pressure 15 lbs. per sq. in. absolute.

What is the quality.?

(21) Steam at a temperature of 325°F. passes through
a throttling calorimeter. In the calorimeter the steam has
a pressure of 16 lbs. per sq. in. absolute and a temperature
of 236.3°F. What is the guality.?

(22) In a ten-minute test of a separating calorimeter
the quantity of dry steam passing through the orifice was 9
pounds. The quantity of water separated was 1 pound.
What was the quality.?

# 71 x 119

(23) A barrel contained 400 lbs. of water at a temper-
ature of 50°F. Into this water steam at a pressure of 125

Ibs, per sq. in. absolute was admitted until the temperaturc
of the water and condensed steam in the barrel reached a
temperature of 100°F. The 'weight' of the water in th:
barrel was then 4185 pounds. What was the quality.?

(24) Calculate the factor of evaporation and equivalent
evaporation per pound of coal for a boiler under the follow-
ing conditions ;

Steam pressure, 190 lbs. per sq. in. gage; feed water tem-

perature, 203°F.; steam apparently evaporated per pound of

coal 7; pounds; steam 3 per cent wet.
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i [=¥ b w e~ ]| (Entropy)

(A=) =vtrwve—| 2% (Difinition of the Entropy)
RYEWTT 7 MR A =B 7 52 2 V8L 7 BRR A = F -~ 2 1558 /
Ttk ~ W) HRRE (Pressure-Volume diagram) 75|27 =7
Y, WA = =2 9 Bl v 2 v R—THIAL, & 2 F K
RBMEIIEA VB =7 »BTFARE/ BT7rIR v, K
) FHRAMBME M= By HR 7 BRL= 7R v 2
AMER = 2 ) R v i RE 7 a2 TR b A
BE WA= =2 ) EEREMN = 7Ry v 2 VHER IR TV b
TR RN =Ry VIR 7 R 7 v in 2 S8R 7 RE A
NMAPBEFY, K BT v BERE 7R T v A VEf
,‘ﬁﬂg;,‘ﬁﬁm; gﬁﬁ& 7RIV NV 2 3 X2 K

B v R B Tx—2-=0Q + 9 R TR~ BRI M =
B~ vy mA~2y

AU~ NHIE 7 4 v 2 v = S VIIRT Q b vk
R Q 70885 dQ =R Fli v 702 dQ 7 B

Ev 2rvBE 7 FHRBB/ERE T 707 FBRA 7R~ K=
T/ suoBom<vity s | 2 b= B~

?T:&

w7 [90

A7 B¥t=MB~r#’/ BRI=2=2+ 7/

H=hEh=0 787 ~HPH =R v
—@Tg—:dﬁ p |3 P ¢=5-9TQ—

\
|
Lf‘- -I'

= C.D. ZE5l / B4R 7 < <8y

XMk, B =W~ 7 »
d0=Tdg #v7 Q= j’ngs

LR FRX=Rr» ¢ ~9H’ [=viee~] M

(increase of entropy) b v i7Mmsviamz) =y 3Rl

2B =7 »PHRBEE 7T vt BiLrh =57 A v

2 VBE T RPN =R IR iR

M7 [=vbree—2gh] 738 —B==vrer

~XBH 292 2R 5N
rmybuE—JﬁR*/maEQkiﬂF=P79

[ > A =5 7 B M 74T v b 23 B[ = v

Pev—| 72 rves 79 |

Pl~~—PRBBERE T =7 dQ FMBIRI A vy

ﬁ»i/m»—,ﬁx [=v b wv~—]| 7=

71 4 121

e e ————— e — e

Fig. 18, BHABH=RA [=v b0

0 v SN =573t R

: . BN, B
E T, VERIRE S IVFR v 2 v
i T&Q [=vboe—|72R2 5
jio s . - BB/ %= CD @

il e T 7 W B T
Tw[=viwve~]| 4,=

oc FAREB2IEE T:. [=v bve~]g,=of +riRiE=
BEv 2R 7GR =M~ 7 v 2 BB W7 7 v A=
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oy T, 29T, =Bty 2B =~k Tkt
W 2 Y E 7 v x v REAL BT R A
AZ) K2 BB =Rrv [=vbee—] 784
(Entropy change during constant pressure expansion
of Gases)
S8 SRR~ A 2 M =1 7 A v 2 v R B =R <
Zz vz
dQ=wC,dT
X Q=wCy(T,-T,) #7
= =0 L5707 NS C 7, =2 +B
EAR VN
[=vtue—] 28 6 =G| "
=wC,(log,T,-log. T, )=wC, log. >
(AMW) EEfsML=Rr»Fl, [=vre—] 7R
(Entropy changes of Gases at constant volume)
ERR B =R 7 Sl =R A € v 2 2 s, B
dQ=wC,dT. |
- B Q=wC,(T,-T,). 7?7
Ak C, 7 y—E FREA vy
[=vboe—| 2788 ¢ =wC.§:’: i,;,r_uwc, log. $:
AT) KB SESML M=-Rrv [=vier—] 7R

(Entropy changes during isothermal processes of a

Gas)

» 7 » 123
FRBE =17 ~ W~ —E=R2» > PEBMB I+ > 2R

SRIEZESZV - RBABY v 2 vHR ) BEBER=%v %2 b
M> Y, Wiv 7k, R0 =4 2

wRT log.—%'-— vl
e 28 =R 7 B ~—EF v ik
Y
wRT log, Yz
F= bowm] 8t = Vo o wR log, V-

v,
(AR) K2 AR =Ry v (=2 b v e~ Iiéii
(Entropy changes during reversible adiabatic proce-
sses of gases)
RSB, =7 BV  BE-BF), Y70/
B/ M=~ [2vtoe—] 2 BB~ BE= v 7 FF
v, B
[=vbwe—] st ¢=(" -2 =o
Jb 7 BRRAEME SR A E ISy 7 A 2 V2R = BEME A v BE 2 dn 2
hEFSFMBR=-R7 =RIBr=) + ), ﬂwfii/ﬁ
el 7y, $orBG=R7 ¥ HAF = 5 2tH, —
BB FEREDNh =8 » T HBEAEY 7 I *
W=7~ [=2rue—] ~—BlIH AN X
B 7 ARVLEET RS » TN RSB r TN e v 2 2B v

7o REIE [=v b v~ 8L (isoentropic process) F

BANVab 7)Y

(ARE) r—72—F427] =Rrv[=virev—] 2L

-
-
”
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(Entropy change during a Carnot cycle)
Fig. 19. M 2 1[ K ¥ ¥ 0l
7 8 IS = gk v v £ 7 v
éh“ le Y vx2, 4 T-¢ RA
3 =4 7 B EHE 2 SR AR
ol Y lew A B=iKY 7Ry v

Entropy—-¢

z 9 b+ & v oS RIPIRRIC
» AB F KRB =23) 7
RYvy, Jho B M
=7~ 7 —E =HEFF € v z2ahBa iR T Z2
Vitk= = rue—] » oe 3Y of =8 M=

B v ikiE 2 v BT RPN 7 B ~ o vl ~3E 7 G T,23VY
T, ETFhr~y, 78t/ M=R7 R HAT*=3)
(= bwE—] »—EF v F B, ERAS [=4r¥—]
TR I MBHE 7B A =R 2 RE-THEAV=FEV~<
i &~ 7 W2 $8(k »~ BC F viififh=2) FFRe IV

- C Flkika v EBAVEEEESE -~ CD FrkP=3) 7
By, S 8BME = 7 BRI RERAEE = R 7 A2
vz g 2 45O = il € 5 v~ A HRIE -~ —E = #ERE e 7 v
(= puwe—]| »of 29 o =§fP= |
(427 78%ik 88~ D 29 A =FEiRNEHET )
S =R B/ HBAF*7UT [=¥buE—] »
—EF v F e BN 7 R 2 RS RRE~ T, 22 T, =k

Entropy diagram of

Carnot Cycle.
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5 A
Wizvz [Y42zmr] 75ke~t7 [ F42/1] 7B2H =
17 BRIEHE = MR 5 v 2 v BRIk~ TR ADfe = 2 ) FRY
Va2 Y |
A AB. —B=Rryv[=vive—] 2fi7ki F. &,
PR VL
mhi ABfe=(¢g ,~¢.)T, +)
Ar42zm] 2 M=17#REWE =) fhill 5 v 2Rk~ 0
B CDef =2 9 759 v
(¢ ,~8.)T, =¥
vs (Y42~ 28=R78rviriER N~ vENV
i v e v 2Ry EFVIUT
f =R ABfe—iijfi§f CDfe
=i ABCD=(¢ ,~¢ .)T:-(& ,~¢ )T,
- =(T.-T,) (-6 )
(44 2m7)| 2%h% E= % gfen

_(T.-T, (S ,~¥.) o To-T,
Tl ﬁj-ﬁ l) T;

PDE7HE=1KY T-¢ A =M% 7§ »EEPR
>R 7 Mm v |

(1) FoBraBits T-¢ RE =17 lh]=2 ) TR
7 vz pB§ 362 ML 2 W= WA v 2 7Rk BART 2 TRT =
Y FRIN

(2) 'n{r,; [342rv] 5 T-¢g GEl=R7—2 7 HE
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=3 ) TR vl (427 2M=R78yv
Z MR JEBREE G 2 PARSR = T B~ v 2 R =B v 8D 7
o/ M~ B =R S vx BRI F2e2 7)Y
(AA) KReHER, [=v b e v—)
(Entropy for Water and Steam)
BRI WE [=vreve—] BEH7B2=8) 7 ~%SKRY
MR, [=virvove—] )HlieFr V7SR 2AvERET RN =
12 Sl
EEEFERS N7 BNEE =7 492F. = r»vK> [=2v
Fee— | 7RV E7HBE T BRVIERE ) KECHE
W/ [=vree—] VRT3 =
43= T, 0% 32F =Rrmk) 78y Zv7 T, &
v h FMERTIE XY b3, R 2 K-G0
[=vbtor—] 0 »RRA=KY 7Rava2} 7B~y
o= T
— M=K B — v EE~F 75
h=t,-32=T,-T,.

. dh=dT
w77 =g wr =
o IT' ...__.._log,T ~log,T,=log, "
—2.3026 log, L' =2.3026 logm—L-
: 492,

BT FYRE=RA 2 B=KY 7

bt y) ] . 127
T-492

"“H‘T+4927 (T +492)

bRV BT )
R=BNVES) =B AV RBE T, =57 K—0F 7 ~ 2RI
evav=a ) BE=Rr vEiLE L 79E2xAy, Miv7
W2 KLt =3 7 ~ BB B3 T~ 7k
[2v b we—] )iﬁin% +
Wiz v 712 VRMEERE 7 0 & — A V5~ BN =0
Xy v 7567 MBERp=R7»
D
iy Co=—3xRh/ ?—-mwmm Epeln
Tyup=BMMK 7 BHEE
Ty =HMRSK 2 R BHRJE

Ah) B/ B=vree—]

(Total entropy of steam)
BE/ A2 [=vrev—] ~H WR=KY 72RT )
fivs 3P a ) BBy 2 v T, =R7 VERBMER /
B=vrev—] o K72 [ breE—] &, M
B =B W= w (=7 boe—] 2R =S
v E A=

$oai=9, 4opiss log, 4t
x = T: 7 BPAS =W v 73 By = F 85KV
ﬂ 095 7 iimvarﬂe»frf&

‘ﬁ"’ & MT“’JQFT’-'P © T—
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77 BAmRE, CRIE « RMRE T, »Befr v it @
=R/ KEia ) BAv 2y [=vbue—] R

pa

L,
T

Fak=tky rR A<, REMRIE= 987 RIB=R > »
Mg, [=vrwve—]| 7 8E

g,+e

= . S Y
$-9.=0,+ 0500, - Bt

FrR=KYV TR a2V V7T

K= T, + 2B =37 VRIER 7 RS =R 7 T,., +
»RPECBRA v BRER B[ =vrevr—]d.u.
»rRA=KY TR~

; L, Tsup dT
ﬁ:up—a;"l‘ T: jTllt CPT

=log. %: + %‘—+C, log,——;'—“-

sat

1 T.ﬂ Ll
=2.3026{10gw—%:+cp logm T.‘: }+"—T‘l—:

(£O) #HK/GE [=~tev—]| HE
(Temperature-Entropy diagram of steam)
Bo_tTH-BE BE [=vieer—]| HEH 752
M7 88 =R 7 i ABCEF » 32°F. = > wKk—07F 7 ~ P,
FAMT) =7 ZMEI € v 2v= W7 VR T R VER
ABCD » 3%F. , K—7 7 -5 HESE 2 B~ + BIEEE 2
Va=RBe 7/ BENTF P, FVBH=RrVERT AT

-

Entropy (¢)

P, TR =77 BT =MEAVEIE T, CK7 B
NPT —JRMBA A0 3 7 TIE =3 7 FALIE T 7 Bhe 2 ~
i > 7 V6 7 SACAES~ B E =8 v CE =1k 7 20 5
Vb2 KA =48 7 K= M~ 5 v 2 v BIR 0D # 8k CE
BT 7 EhE DCEF = 239 75290 |

FRAOTRS = B o 0 1 0 = B 2 U TR B 5~ =3
MU BB e 50 PR BB 2 TR =K Y 7 gt
5

e 70k 7 SREE = 35— — = 75 = A2 K 2 0 x AR T
y

(1) K (Water line) W W.
FRE=BrrKs [=v 1 e Sad | 73.»-'357“?.&#
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Fig. 21.
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e, =y 73, Fili~ 32°F. tp##BEHRME 492°F. M= ) ki
aad' | Tl e
(2). fmEsE (Saturation or Dry steam line)
BRJE =y VRINER, [=vrev—] 75207 8K
z pvillifg SS, Y
(3). F—ifElig (Constant quality curve)
2 I Tk 90%. 80%. xeer 7 & PEAR 7 R 2 86 7 RS
vz M/HligRT ) |
(4). Sp%:Hk# (Constant specific volume curve).
Bkl =30 7 VIR 2 B v * B 7 BES v 2 VR T Y
(5). ZmEjrhg (Constant pressure curve),
B 2 MR = B2 7 —EMET) 2 F =R 7 B # PV, B

# 71 4 131

brmvruvfjb7izﬁyﬁ%yawﬂﬁf9

(6). kAt (Constant heat content curve).
SFF. 2K VR Rig=48 = 2 =B v 7 va it
HE ~ ¥ 15 7 345 ~ 2 villigi 900B. 1000B-. &+ y
37 dn 2 0 2 A = ~Fl 2 > MR 7 B * 7 0 0 B 2 R
=WIAER 7 Wy =2 VIR 7 ABIE, K/ [=v b we
~ ] B~ BRRNE =7 VEK, (=2 b v AR R
A7 N7 =fv= r 755
=067 BBl MRAE 7 R~

(1) K- &x%
EE=frmz, K/ [=vtoe~]

e =log, g

v 8" 5, i—-d PR =7 T 78y o6, T =M%
Ay [2vbee—] o 7 R =R BB BT R A
F MBS 7 v ook 718, Lo 32°F. =RrrvKs [=
Yhuv~| ~BFraik, MR RSB JE. 4929F. 9 y
1 S

(2) MmERHE s &5

RMmER 8 = v e — |

T L
=
TR =
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Py CE7RamiE- b B RHRE T =87 vk
S MKME7 R 2, FE=FEE=-R7 C H=HE 2kE
C, seooes 7R 2 LA ) S 7 e 2 vocifoilhigg CC, 75§ ~<v
(3) WKl &>
& wel =108:—% +@ ‘#*
FwvZUT
A

TB=log, - ~ BD=z ,11:

P yRVIBEEE T =t v state point D 7 R2~<v, [
be=RRE =7 %% « F v state pont D, -eeeee IR
M ) ek 7 iligE A v o FRE—HEBR 7R YT

L : L
BC=-T-— BD=« T
BD e
BC
ep 7 # g r oKkt 2 B 7 7
BD — B‘D‘ =—csssssscs =2
B L,

F 7AiMz D. D, 7 M=K 7% v %

[T v A 133
B 7 08 2 Voo 2 WD 7 R A G 2 W 7 18

fivs @ xT=al. >»rik Fig. 23.

BD@F /@R~ RET=R7K +
wW--g---<hs

—F2 A e[ =2 ] L@ 3 4 A i

rvav=PBeiv -BETRA b 2 “
(4) SRR, E*H ;o
B_t=E=mr= »im 2 il fh 7 " Ew

~FhH=ERvEK=vrvr (L
~ 22— 3] 7Y B €
o 3V FhHE=58K7M~v=E, I A i

4 B/ ET=Er=rnz ab B

F VB T =Rr VK—F B IR~ Fv 2R c 7T
=K BE =Ry vRIER BHIMY c Bi7EL MY 7
t be —ME7 SR vk AR~ TIE T FK—WF 2 B
Pl = B 7 VAR SR (i) e [= > b e~
S (KE) 7R '
Rk =Ky iEE T, ke T, =2/ be. RY b, F
75| 2% ¥

K=2WEHHK V 751 % b,c,, be, b,é‘,, M v, V. 2 A=
Wy g5 v 2R BEET oz v AR A RERE =B Y
T- 4 co-ordinate 74j 2 D,.DD,. 7 fm % B 7 i € Uk
sczews ) gk~ SRR TV, T~ 70k 2 SRE -~ R0 =
9 xFH T /I FEREHER - BAV =2 P IRV



(5). M han » & * . ..
RAFIE 2N 2 7 2 ) GRS = i 2 2 B ME Tyl 255 10
€ 775207 KP4 b —F = v FEBMARE =R R X
= BIAERIA =B o VSTt 7 W2 > b 2K 2 ik =K

NV TP

ml 7 ¢ B'“Pr:l':’g«s _T—'*"L-* +Cpl°g="'“-——9—T'“

By ¥ | S
TrHIBTENMMET) =7 BBy 2 VPl =
C, log. g::: |

7 BEH AR b o 7 BRI MR T, ., WS o 5
Psup TIRVBRMET) = B2 BBET R 22 v 7ilikE A vovi] 5
Vo BMETr=H v 7R 2 2 AT R BB = 5
© 200. 1005, 1. Ibs. = 75507 Vi 7 M =2 vl
ATRIE -~ Bt 2 R v S » 2 258 M= 2 9 7 iy

Fig. 24,
T ' J vf.’_" 3
b BV \\\p SO
-m\\'l .
T 5 ¢ \\“ Tlieg
’ T
eds s SN
g4t %

o (6). EMEhAR . & x b
REER =5~
- h4zL=h,+x L,=h, +,L,=constant

b y) ] H 135

Fvin 2 FIRBAR L = state point 73R 2 Jp3F 2 SR 7 Mk 2
vl Y, $—FME =R~ 1000 BT.U. 900 BT.U, ~
mE*fE vy
EBREF=-R7E MBIRr v 2 R HiE=Krvy
ep FAERE 2 MET = VRIS 2 AT 2 VIR~ B K = 1K
)R A3 5~ FER—IE 7 BT 5 R Ty 7 AT A IR
e o0 0§ EREE (T,) »

(—E$ik )—(R Ty 7 45 » RS 2 MR
(3t 7 WJy =1t » vV BRIER 2 BV IER)

=aYRava b 72y, 27 FFRDMMRLE=R7—%E
Ak 7 A5 2 v BMIEK » state point 7R 2 FG M HOETF 2 o
w7 S 2 v oo BREE =R Y SRIGR 7Ty, BE
=% # » 1200 B.T.U. 1100 BT.U. 7 @+
(g M= b ve—] RELRK)
t—) B T=rrvve—] HE X~ [=2=r]KE
(Heat Entropy diagram or Mollier chart) |
B BRI AV =8) T-/ REFEXLRFVE/
F v F 235 2 Hi 2 + 7RI 7 ok 2 v 0 B A0 7 5EE =
=R () =] L/ AR =AWk [=> 1o
v—_| HE7EH e —RERT Y -
S/ B~ S2°F. 2 9N v 2 MBS, IR 7 NN =
| nﬂxznaﬁmyawrayhueej?ﬁ&ﬂsuiay




136 M 71 o

Total Aeal
8Ty
1400

v ———
’ ry
5.&.’ Ze

T = v TRMT =8 BB B 7 5] ik =1k
JARER r BRNER 7 EN 2=, EeBRER =55
Al — VA BRI =0 FRERE ) BT v b T-4
ARE + BEEF Y

WA IR G RE 2 B 72, Jb BB =R 7 KR B
ARG W =5l n v 2 v EERETTRRED 7 BRI~ T 2 3/

# b ). 187

W) =R VIRBRT A e2 7Y, Ak BRRE, M=
RrZv=U725lxbv» 6 Wr> 247 6 F 2.y
maag%u'r.
= v 7362 M, B3 2 Ty =ik 2 vIBHIRE 757 2, #&
=SACHET 2 M dn 2 WSy 2 F = B 7 Seiiadl 7 18 = 1§ b
7 BR-HLRR b 7 ) 362 TN AR BTy = 9 2 v B RR =
Oanver+y
BE 7 B = 1K) TE ~ I ~% 7 fn
(1) W7 Wy, W%, Big. (=~ b o~ B sk
HE 7 -~ 25k 7 MEWR
(2). [Zvxv.yio2m] 2 HBRE R 7 3h3
(B k)
(3) 7&K~ %
(& &)
MEME(S)
(1), One pound of water is raised in temperature from
60° to 90°F. What is the increase in entropy.’
(2) Dry and saturated steam has a pressure of 100
pounds per 8q. in. absolute,
(a) Calculate the entropy of the liquid.
(b) Calenlate the mﬁopy of evaporation.
(c) Caleulate the total entropy of the steam.
(3) Steam at 150 Ibs. per sq. in. absolute has a quality
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of 0.90.
(a) What is the entropy of the liquid.?
(b) What is the entropy of evaporation.’
(¢) What is the total entropy of the steam.?

(4). Steam having a temperature of 300°F. has an en-
tropy of evaporation of 1.1900. What is its quality.?

(5). Steam having a pressure of 200 lbs. per sq. in. ab-
solute has a total entropy of 1.540.

(a) What is the total entropy of dry and saturated
steam under the given pressure.?

(b) Is the steam wet or dry.?

(¢) What is the quality.?

(6) A boiler generates steam of 0.90 quality at a tem-
perature of 350°F. with the feed water admitted at 90°F.
What is the increase in entropy.?

(7). What is the entropy of steam 92 per cent dry at
a pressure of 15 lbs. per sq. in. absolute.?

(8). With a quality of 0.90, what is the entropy of
evaporation of steam at a pressure of 25 lbs. per sq. in
absolute.?

(9). What is the total entropy of steam 94 per cent
dry at a pressure of 100 lbs. per sq. in. absolute.?
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WLE REN . WKk v W
(Expansion and Compression of Vapors).
(£=) 7R85, RIBE =W @~ {r—BAK

(The General equation for the heat changes of Va-

pors)
RN KR+ FIEE = IR R « v 2§ e s F v edt
7 TR0k 7 B2 P 2 R B 2 7R Y
BB BB IR AV =8) 7 NEHBE B2 2 2 =K
e/ BBRC ) WE  BE= 7 vz as=H
eIV BB NN HEIL 2 Rz 2=
IV BB TERAN BET Y
—it = MR T 2 M =R 7 =BT A+
v 2 2§ BT R AHER

dQ=dl+dW
e amf e

A>FEE A= =7 =flar=t 7
ER =7 B | 7 PAV 5002 A  FEE =
o~ AT 2 W= 29 7 R2Brv=e 2 = v 7 EBILES
(working medium) » Fi¥g = ~EHEF
K =K 7 WIRR R TE b = 7 BB [ =4 v
~1 7P BB R =R E=a3) 7RV}
7% B’ER=RvTrAW[=4rvx—] /ffi~ 32F. +»v
BEMEIRSE = ) §HE v 2 v = 2 F o T EOIEIE L - EREER 2 Hidk

- - sl # _____ . l,_‘_.-_.._ ;‘ﬂ:‘.\:hﬂ —
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=Ry PR (=AY~ ] 7ooka 29 7R 230, E70H
B AL =AY A VAES [ A v~ 2R
Mk 7 2277
il ¥ 7 & = 45 2 H KR~ ] - ~RER = <@l v/ —RA
AF
(M~ 5 v 2 )= (MR~ AR 2 42 9 =Rt 7 ~ SiB[ =
G ov X = )= WMEER -~ MR 2 9 2 = M) = 4 v ¥
— )+ (B v 2 AT 2 BER)

A= 7R AR

Q=(1:-1,)+W

K 7 M- B 2 WS = v i~ AK /B P 7
e e

(1). EER =7 »REER P

(Expansion of wet steam at comstant volume).
RN 5K 15 U7 2 WSy 745 = TR 7 9 3 Wik
JEo 50 [ ]| +Y, Mﬂ?—ﬂiaﬁfn?’mx)
REM S 7 %2 JR 20 mmasu yrE
PRI (a) IR =R 7 v K HFW
(b) Z&SK~ /R (o) HEE

: (d) fu~ 2 vz ik
i .
WE. (a). Inak 2 gtk =h 7 3 7 R R8T~ 7K
mEl =oV,.. =05x2627=1813 ¥ HR

g 7 » §is -

(b). FEFE =K v RN KM 30 0F 2 Ty =g
MRS 2 AN~ 1374 SLHRF Y, B/ =) /Ix
2 7 5l v 2 VRN, RPN 2 KB =2 ) ATV
»iRIPRIE=Er YR > Y, Wiv7H/ PEAR »

eV, =Vy FHREXR=K) 7K/ mZ2REM =¥ 7 15
B+ z= _VE.’:T 13.13 _ 0,955 or 95.5%

13.74
(¢). BM—EF V7=
' W=0
(d). M~3varik Q=11 +W=I-L,.
m v 9 I’ﬂh' +w’{L'-— P‘(\;'?S_ ilj)}=h’+m“ﬂ 2
=218.8 4+ 0.955 x 869.0=1048.7 B.T.U,
Hy ER=RT» h,. R¥ ¢ » NP Ak S0 Wr 2

WETy =3 7 » MR BR © PHB AL 7 7 A
%= I,=h,+x, p ,=181+0.5x8968=629.4 B.T.U.

Q =1048.7-629.4=419.3 B.T.U.
(2). EEB =7~ BRER ) Wl
(Expansion of superheated steam at constant vo-
lume),
SO°F. Wilhe > v 2 RSN HBHH 19007 BKIGT )
At 7 BRER 7 BN T =R 7 R84 50) 180 U7
?ES =B viER 2 ) b3
B (a) K7 B
| (b). ﬁﬁ:-ﬁf vz vRE

—— S B W el ™ .
- T, & B e e p. ¥
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(a) BREFEEK=IKY BEK, BOBEM» ST HRF v =
PR G, My 7B EREM =R 785 v vyl
7 BB =9 374 SLHRF Y, Ky 7%=29 300°F,
LrBR e v2rvRiE=7rv=2 78 ) B~y

(b). M~ vark Q=I,-1,+W=I,-I,

Al [ =4rvx—] /i~ BREFXK=KIR2»v= VB
MARZ v 7 e F A 52
= H,,=8RERL=7R»27v2vBHER B8
P =% PHR=2 *01= 7§ 2 BNy
- Vewn=3HWR =750 2 VBRER T 7 5

F A VY, &."—"-ﬁ]ﬂ"ﬂy

La 2.%.Vaap
peiRes oda | i
Je 2 AR 707 B8 =82 v

1, =(13539- 180x1#8 x 374

=1353,9-124.6=1229.3 B.T.U.

3 130 x 144 x 3.74
I, _(1219.7 ck

=1219.7-89.5=1130.2 B.T.U.
- Q=1220.3-1130.2=99.1 B.T.U.
(3). ZEMT 7 F =17 »ighh
(Expansion at constant pressure).
FBU 1506 L HR = « 7 BHMHHFHM = ¥ x 1500+~

bt 71 L 143

K1Wrr Y, —ENS 2 TF =7 GRERE + -+ CHR ~
2 b=
Ko (a) B/ R0E =5 PR
(b). F#ARE =B > ~ WK 2 BT
(c). M~ M =R 78y vrritfidk
(d). WM =P T+ 7 v 2 r#ik
fnfe] |
. (a) BHEHBTHM = 2 % 15007 7 45 2 »EER MR
7 WA~ 3012 Sy HIRF )

(Y2 oV, ..=Veu FrR =3

_ 1506 _ EOa
3012 =0.50=507;

(b). JBE 7 fn 2 R R = 7 v »ifk =3 7 %
R~ 30125 KR+ Y
(¢). {3 W=P, (V.-V,)
=150 x 144(3.012-1.506) =32530 WRW}
(d). JERERERE K v e TE ] 2 1 =12 7 » it 3 = 41
| BER7IBAHAV=rHLrFrvEETY
B—iE Q=L-L+W >+ AKX 7l =
mv7 I.=h,+o,p,
=330.2+1x 780.4=1110.6 B.T.U.

T

' =hl +z,0,
=330.2+4+0.5 x 780.4=T7204 B.T.U.

- R=BRP =B v2BHT  BER
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144 # y)] 5

- P, (V,~V, 150 x 144(3,012-0.5 x 3.012
Wao)a 778 "

=418 B.T.U,

Q=1110.6-720.4 +41.8=4320 BT.U.

Wik GEMT) 2 F = MBI =P e 57« Blk i

AKX=K) 7B A V= 7B~y
Q=($:"$;)L. %

Ap zw: ~PIRNIS =07 v BR BRI Ry L ~R~>

vENMRT =R VEREIMER BT i r e, 5
$t 7 [ = 2 7 -
Q=(1-0.5) x863.2=431.6 B,T.U.
B=k
2= HH, 7017 382F, =3 QMV#VQMREMHE-&
BT VBRI A AMBRIRT B ¥ v 0 705~ SN 7 1
=R 7 5 v vk
Q=H,-H, 3y
iy 78t B = 7
H,=330.2+1.0x863.2
H, =330.2+0.5 x 863,2
Q=(330.2+1.0x 863.2)-(3202+ 0.5 x 863.2)
=431.6 B.T.U.

(L=) &K, FEHR

(Isothermal line for steam)
~~fF@ e R =B 7 i v 7 » FlR = 7 K7 %K

nmmmm— R R S

B % & W

=Ry MBI KR WIRER 7 —ERS 2 F=ps
AR Y 2 MR TR IS RER R 7 A RS TIR + % 7 v = )
IRy, HPRERE SRR BB I RAR
RF VY 7 RAERREE =¥ 7 0k SRR W=
CFMKTR= 2 ) TRTREIN, Re v BESBRE SN
B RM=R X AR A 2y IRy
WK =B o v 2 RN =N 7~k 7 SR B il
AR B>, X T-5 Q=87 m;;m,..
=TT VAR 9 PRy
(EMg) 7R Wi
(Adiabatic lines for Steam)
JoR~3 2 lhi#  (curvature) 7oV R =1k) 7
Ra=2pz,39, #)» *m&tmm’lﬁﬂm
PVY =constant
I R=RIEK T AL TR =K FEBT v}
PR 2 = B A S = B2 PR R
W T AN = v W0 7 ) = T DR /2 2 <o
78R =K” 7 ERT7 )
BB BPRIE = 7 v ZER 7 M =B v 2 2 0
BT b F 5  X o — R ? A A =B oy 2

W2 P =ARLE R KT N FAIE =K 2 2 BB 7 VMR

Va )y xBHRE=7rEBR7 iRk =WiEx v s »
MEe=RZo T4 REE=R2WFins B5GE A 26
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W742, W7k, R T-4 REL=R7-~ T =
Pfirv—E [=vree—]| R=K2 7RIV
—R =] F MR =R BRI By Y~ TR T
BE7 v IR REIF— EEIH ey 2 v = RNV
7B PR A BT Y, o= VRUIRAER VI
0> vIBE T v i B Y 7 L7 K, WA~ 0K YK
WrFvady 2 ~ERE, RE=%Kr 7 YHAKA VT BV
¥ 3, Rv v el vIRE b 2 ARELRGR - RF 7 RAIEIRE
kg = 7 7 2 X~ BRERE= 7 v = 2 3 BER=R~7 7
vin2 WRIERR 78 7R eI~ 7))

(L) RS2 Bk 7

~ (Adiabatic curve for Steam).

 EEARE, ERN-BERE= 7= v 230 B
—f% = PV" =constant
FrR=KY 7R vRp=T/RE » R B/
FARE =K 2 7&3* {4 #F_JEIEJ zZnv n 74

n=1.035+— -

10
=v7 o ~BEIERFAKY FEBEyROERRE= 7

pMEESF v 2=l F# 7P 7 2=1136 + ) L 2=0.75 F »
B =111 + i
[(ovav) B n= g FE22vFRESHRIR
EE=7 v X/ i h=Brves=2vi8e =075
) Rig= 7/ RE=RI/7M7ERAVTER Y

] 7 e 147

e 7 RN =7 ) 7 B BERPR B W CRE
b2 A =R 7 RGBT A 7 U7 2 IIRIER B v 7 R
M F >V 7HBANVTRA |
BB M =By {8 [ V4 2 7] K2 BRA=
Ky sg2ovamy n 278 AR P =Hl=3%
HesnvFHk X/ mv
e # AR L [ =17 ~REHR=-HB HBAF*7 07
ik, —h R
Q=I,-1,+W=o0
. W=I,-I, "
ERX=KY 7 Rvinz Bt =R By B W »~
KoL DA RER) =Ry VR [=4rvy—] 7E=IK
PIREAV 2 My’ AR [=F3rx—] 7R
b e REE EAR7Ay = P BB vF R [=
vhor—| 2= 7 RlA= 748 '
(LA) BEARRrh =1 7 VIR IR
(Quality of Steam during Adiabatic expausion). .
B RIAR =57 ~REHH =N B AT % aﬂu; [= b
ve—| »~F i}, = T-4 uu-m»n:mm
» T =347 F 7 Eilii=1K2 }.ﬁaﬂ: -9 4
A% =
mdﬂfm-“ﬁ! | e
g =Wk « F RBERE, A2l [=~ 1 uu-—_j
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.'aatzf;/}n;—J

B ﬁ-s—r-.cT 7R T I L
Ky 7 BMER, BiRZENR=Rr» = b o t’-.l 2
R #:8, TUFRARE ‘ SRSk

¢1=01+-31“1T'_“
- L,
¢l & T

F U, v 7R =R 7 rm/rwe'—_] ngﬂ;-)-
*707 J.=¢,
B+ a,+.n,¥ -a.+a:,---,1rf
kR 2 BRA=1K Y &K 2 5y 7 AR =, 74 v B SRR
IR =R P BRHR 2, KR = R'I?#B R
NV a b %ﬁ X - :
| z:=(o, +.v,¥ -6,)x IT, /J : St
.3 E!m;&ﬁﬂiiil*r # 10007+ M BIER T 9, Ak
v 7 RS 17 ﬂh‘ﬁlﬁﬂ Wl 5 ﬁﬂﬁ*m
=8 7 MR A A,
H 100!?/!)17751#&%1#1/' l‘:-/l-nn'-_l.-;
Hk=97 16020 =t 7HIW |
M7 4, =16020 B BT 1
K=K 17 077 AR
K2 [=vFrwve—] ¢,=03229
BBRIERMP=RrVv[=v} = {.r----_-y )”;lﬁ_uj.ms
kK> 7 B2 R 78m~ | vk d

_ ﬂ # » 149
1.6020=0.3229 4+-2,. x 1.4215
c. 2=0899 - or 89.99

W/ ME~ XK= o v=—] MB=K) >BB-=-W7 -
PR Kk oKX=k i |
710007 7 REJAR + RABR b~ 25 = 9 TifidR 2 B 2 T o MR
M~ R 1602 P~ [=y b | 7 45 A m il
B 7R =, X=06/ R+ 17 OF IR+ ZXE7 R
2067 TR/ IR = 7 v 2 7 B v R = 3
VER TR 7 RE W<

Bl RHRIrHE M= 0 ¥ 10007, WS =B 7 095 , IR

TRHAAMBELNT VAL 2 BK 7 ARBETI BT =
v 15 J|Eﬁmnm-tv) XY pea, “pﬁ,ﬂ
(1) Hedeikil =1 r K 2 R
(2) EHeh=R7Byv2r Bk

i ok & i | ;
M. (1) ﬂﬁ?ﬂﬂ “HIrMB =2 bor~] 7RA L.

&,+x T—'O 4743 +0.95 % 1.1277 =1.5456 :

mﬁ=ﬂ‘?’ﬂ. I'-=- vt l:--_] 73:&;3 o
| a,+a.3r’ 03133 +5,. 14416 ®

RN W =B = b o e-—J »z-mﬂm
0.3.m+w, 14416=15456 :

B < ebeh B - (A

(2) WiISMmE=7 %/ MAF*7817 8920t

D e, L e i e, B =~
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H o AT FMW*-—J /ﬂ?ﬁ-—#v
25 = AR = 37 VISHE [= AV x—) TRE VS
h,42,0 ,.=181-{-'0.854x896.8=946.9 B.T.U.
L fd s Rig=Rr R [=4rx—]
h,+2,p  =289.3+0.95 x 806.6=1064.6 B.T.U.
= B L x witlE W=I,-1,=10646-946.9
—1177 BTU. . 91,576 foot-pounds.
CRARE : YAELE AL EES %2 vyav](n=1)
(Polytropic expansion of Steam )
. RS 44 T 100 P/ WS =H7 095 2HER7 A=
VER 1T Y, a=1 FER= v A BN 4528 5
2007 e v £ Z Y I’ 7 ool = 5 7 VIR 2 R
I
. W K= B 7 VIRR 2 Bl 2xVeas T
BpF %XV, =0.95 x 4.4290=4.207 3LHKR
x = P,Vi=P, V3 ) A= a=1 F»¥7U7
100 x 4.207=20x V,
.. V,=21.035 3L HKR
PR = RN 20 “E/lﬂ-ﬂfmmii
e~ 2008 AR F 7 547 Wit = B 7 RS~ AR E 7
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Fig. 26. (2). One pound of steam at 15 lbs. per sq. in. absolute

w&f ih e Sy o i”i’ln’””tg"‘ has a volume of 12,36 cu. ft. It is heated under constant

20 n mrmanlu‘llzu..ﬁzmmm

m Mlldll..rill.: % 71 nﬂr!.

h u' W/l [ F T m""!‘v".

190D} (7N *lulz.nﬁ .l..l'! HTEL

I NI 1T 10 5] 1 2F T NI}

.'i‘ NI { N -’{bll'ﬂ.l..ll'l 11117

{ A8 NIITNIN TS " 1T ET L 1 Jd37 17171177k L
1180
g

ir

volume until the pressure becomes 50 lbs. per sq. in. abso-

lute,
(a) What is the quality hefore and after the heating.?
(b) How much heat was supplied.?

NN INT NS 7T 7T 77 1 HHATT] A
RN RNLINS gns..r:n.mml g ]

NCNUINIINI N INNSIN T FT 41 1 BHHEIT
[N TNE N TININLKT 1-1 4771 111711 ;fa’
CININTIN'DGY L) -A 'H.!l’!:ﬁ"lly

TALNIN I Xe RN TNIFNIFT 1 T ER

(3). Prove that for a constant pressure expansion the
'.Nh NRS Ny A SN NSNS LE AT
scuseiy IR RTINS 1195882

! heat supplied equals the difference between the total heats
N N/ N TN ) /s o
"D l‘n' v.lg.&'.i :lg;giét‘: gl;%’!!.%f ;"—_1 of the vapor at the heginning and at the end of the expan-

l

Total He2t Bta

INIDI N INNININ IST N I TTT B
NENINTINCIN N ININ N
R3S N OA WANELS §A WAVEL *r-
JIN TS usn-ﬂln'n-.w.mm
NIXT AT X IN I R INI N INTTS iL
UNIN NI AXNTIXINY N NIINTR g

sion.

(4). One pound of steam at 100 lbs, per sq. in. absolute

N AL NS XA AN INCINYIIIAIT)

' n uwmnuo.us-mwmm TN 7

pressure and 60 per cent dry expands at constant pressure,

oy

., | What work is done and what heat is required to double the

%} e =t t0'43£t° - :h el volume.? What is the temperature at the beginning and at
HH A v | the end of the expansion.?

= 1153+047(-553§1—)———— =0.965 (5). One pound of steam at a pressure of 100 lbs. per

+ 9 . sq. in. absolute and 50 per cent dry is expanded isothermally

HERE(LL) i | until it i1s dry and saturated. Find the heat supplied and

©(1). Dry saturated steam at 100 lbs. per sq. in. absolute the work done.

pressure contained in a closed tank is cooled unmtil its pre- (6). If steam at 200 lbs. per sq. in. absolute, 95 per

-ssure drops to 15 lbs. per sq. in. absolute. What is the cent dry, i8 caused to expand adiabatically to 228°F., what

ﬁna]quality.gndt:hehmtmvdﬁmjdpoﬂ;of are the properties of this steam at the lower point. (That

steam.! ... . i B s % TR is, final total entropy, entropy of evaporation, quality and
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volume.)

(7). Steam having a quality of 0.20 dry is compressed
along an adiabatic curve from a pressure of 20 lbs. per sq.
in. absolute to a pressure corresponding to a temperature
of 203°F. What is the final quality.?

(8). Determine the final quality of the steam and find
the quantity of work performed by 2 lbs. of steam in ex-
panding adiabatically from 250 lbs. per sq. in. absolute
pressure to 100 lbs. per sq. in. absolute, the steam being
initially dry and saturated.

(9). One pound of steam at 150 lbs per sq. in. absolute,
and 200°F. superheat, expand adiabatically. What is the
pressure when the steam becomes dry and saturated.?
What is the work done during the expansion.?

(10). One pound of dry and saturated steam at 15 lbs.
per sq. in. absolute pressure is compressed adiabatically to
100 lbs. per sq. in. absolute pressure. What is the quality
at the end of the compression and the negative work done.?

(11). One pound of steam at 100 Ibs. per sq. in. abso-
lute pressure has a quality of 0'80. It expands along n=1
curve to a pressure of 15 lbs. per sq. in. absolute,

(a) What is the volume at the beginning and at the

end of the expansion.

% y) H 155

(b) What is the quality at the end of the expansion.
(¢) What is the work done during the expansion.

(12). Steam at a pressure of 100 lbs. per sq. in. absolute
having a quality of 0.50 expands adiabatically to 15 lbs.
per sq. in. absolute. What is the quality at the end of the
expansion.?

(13), One pound of steam at a pressure of 100 lbs. per
sq. in. absolute has a volume of 4 cu. ft. and expands
adiabatically to 15 lbs. per sq. in. absolute.

(a) What is the quality at initial and final conditions.?
(b) What is the work done during the expansion.?

(14). One pound of steam at a temperature of 360°F. has
a quality of 0.50, and expands under constant pressure to
a volume of 3.4 cu. ft,

(a) What is the quality at the final condition.?
(b) What is the work of the expansion,? |
(¢). What heat 1s required.”

(15). Two pounds of steam at a pressure of 100 Ibs. per
sq. in. absolute have a volume of 4 cu. ft. and expand under
constant temperature to a volume of 8 cu. ft.

(a) What is the quality at the initial and final conditions.?
(b) Wheh is the work of the expiiieion?
(¢) How much heat is required.?
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WAR BRR7EHNA»BMER, [7427]
(Cycles of Heat Engines using vapors)
() [(#—2~.%42m] (Carnot cycle).
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