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(a) Gases at different temperatures are placed in thermal contact
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(a) Circle Circular Y
hole \\

TABLE 18-2

Some Coefficients of Linear Expansion®

Substance a (1075/C°) Substance a (1075/C?)

Ice (at 0°C) 51 Steel

Lead 29 Glass (ordinary)
Aluminum 23 Glass (Pyrex)
Brass 19 Diamond
Copper 17 Invar®

Concrete 12 Fused quartz




- SN =y RELIN G = R =Y
ST AN S LNITN < NI

. NGRS \GINGR

A (A S (TN

R N7 A WA A W

Insulation

2 .\.:“W\A.A/P.ﬂ 3 .\.:“W\..k..l..“n
SN
LANT R AN TSI AT N TR
N TN ANY S ENANY SN

IR

NN
N

: B
/—.\\.-W\\..t —/.. A

T
O
Control knob

HIER M IEZREIEA -

Thermal reservoir

Z0
X

4 BT SR R 2

EAEL)

wiEE |

=
o

it HAR B A FHAYE

—Da
e

Engine -

V5%

J9BR ) ZER

X
=

W& A



AR M E B S — (L
22 e =R KRB SRR £ fefa e AR |

ir@
=

FERERRAR - ATELEAERR (BJIAED

VBRI FEIHTARRE |



B EAERGIRA 6 - [F—IRERDRE EA NG — B — T E |

NIISEESS Ree
TIHE < »  LEE
[T III I ||||||| ||||'||| I l|| I ||||||||| IT1 Ill ITT II|||||
IR p
/’ (a) Circle Circular
/ hole \
/ \
Hll’llll|||||||[[HH|HH]]|||||||Illl‘lllllllllllll|||||[[H

p ; 5 51 )
1 2 3 1 5 Ob '\j7
(b)
=
JUN
TRRE
o » L, T

[ERG AR B — SR~ BRARZERHY 2 &R






AT AT LA - EERER RS PR B — (Bl & e 2= [ - 2SBEHE T -
AR —FEERREAN - g2)] » RERIREHH -

(a)
A small surface of area

dA within a fluid at rest
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dF I\ : dFJ_ An element of a fluid at rest
i L < A | . with area A and thickness dy |
z - .
" ; Force due to pressure The forces on
These surfaces differ T p el | fl‘ f‘_\;‘
N dor . p )p on top surface: l 1€ four sides
1n ar?a an Ollen[dt’l‘on 2dF ([7 21 dp)A & of the element
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TdF,  ~< 2dA "~ *d\v — Weight of the
T~__dA : pA fluid element
Batthe Sresstro 7 Force duc to pressure p
) pres: ) on bottom surface
them (force magnitude 2dF, ;
divided by area) is the Because the fluid is in equilibrium, the vector

sum of the vertical forces on the fluid element
must be zero: pA — (p + dp)A — dw = 0.
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(a) (b)

Changes in the 1nlet pressure cause the tube
to coil or uncoil, which moves the pointer.

Flexible pressure
tube

Inlet
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Pressure p
being measured
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(a) Fixed volume of gas is heated, raising T and P

Volume




(a) Ideal gas heated at constant pressure

TERRAETE

Isobaric Process

(Constant Pressure)

Pressure

|
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pAV |
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V‘q bfV+AV

(b) Volume




(a) Ideal gas compressed slowly at constant
temperature

dropping
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First increase volume from V,
to V; at constant pressure p; ..
H 3
1 ... then decrease
| pressure from p,
to p, at constant
volume V5.

&=

These paths give three options for First decrease pressure from p,
p getting from state 1 to state 2.

to p, at constant volume V ...

3 “_ then increase volume from
V| to V; at constant pressure p, .

Increase volume from V| to V;
while decreasing pressure
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@
These paths give three options for
gelting from state 1 to state 2.
3

First increase volume from V,
to V, at constant pressure p; ...

3

T ... then decrease
pressure from p,;
to p, at constant
volume V.

(a) System does work on piston; hot plate (b) System does n_‘_’ work; no Eeat enters or
adds heat to system (W > 0 and Q > 0). leaves system (W = 0 and @ = 0).

State 1 State 2 State 1 [ jaion  State 2

First decrease pressure from p;
(o p, at constant volume V...
““ .. then increase volume from

V| to V, at constant pressure p, .

Breakable  Gas at 300 K
partition
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Increase volume from V, to V,
while decreasing pressure
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Table A-18 Properties of superheated refrigerant 134a (CF;H,) e ‘1
(T, °C; v, m3/kg; v, ki/kg; h, ki/kg; s, ki/kg-K) .
£ |

/b v u l h l s v u I h T

0.6 bar (1060 MPa) ... = —37.07°C) | 1.0 bar (§.10 MPa) (... = _‘26432%‘)“‘“‘

sat. | 031003 | 206.12 | p24.72 | 09520 | 0.19170 | 212.18 | P31.35 | 0.9305 |
=20 | 033536 | 217.86 | p37.98 | 10062 | 0.19770 | 21677 | P36.54 | 09602,
~10 | 034992 | 22497 | p45.96 | 1.0371 | 0.20686 | 224.01 | 4470 | 0.9918 =

0 | 0.36433 | 23224 | p54.10 | 1.0675 | 021587 | 23141 | P52.99 | 10227 *
10 | 037861 | 239.69 | p62.41 | 1.0973 | 0.22473 | 238.96 | R61.43 | 1.0531
20 | 039279 | 247.32 | p70.89 | 1.1267 | 0.23349 | 246.67 | p70.02 | 1.0829
30 | 0.40688 | 255.12 | p79.53 | 1.1557 | 0.24216 | 254.54 | p78.76 | 1.1122 ©
40 | 0.42001 | 263.10 | ps8.35 | 1.1844 | 0.25076 | 262.58 | p87.66 | 1.1411 ©
50 | 043487 | 27125 | p97.34 | 12126 | 0.25930 | 270.79 | p96.72 | 1.1696 ©
60 | 044879 | 279.58 | B06.51 | 1.2405 | 0.26779 | 279.16 | B05.94 | 11972
70 | 0.46266 | 288.08 | B15.84 | 1.2681 | 027623 | 287.70 | p1532 | 1.2254
80 | 047650 | 296.75 | p25.34 | 1.2954 | 0.28464 | 296.40 | P24.87 | 12528
90 | 0.49031 || 305.58 | p35.00 | 1.3224 | 0.29302 | 305.27 | B34.57 | 12799

1.4 bars {0.14 MPa) (.., = —18.80°C) | 1.8 bars (.18 MPa) .. = —12.73°C) =
Sat. | 0.13945 || 21652 | p36.04 | 09322 | 0.10983 | 219.94 | P39.71 | 0.9273
~10 | 0.14549 || 223.03 | p43.40 | 0.9606 | 0.11135 | 222.02 | p42.06 | 0.9362 \

0 | 015219 || 230.55 | 5186 | 0.9922 | 0.11678 | 229.67 | p50.69 | 0.9684
10 | 0.15875 || 238.21 | p60.43 | 1.0230 | 0.12207 | 237.44 | p59.41 | 0.9998
20 | 0.16520 || 246.01 ||69.13 | 1.0532 | 0.12723 | 24533 | p68.23 | 1.0304
30 | 0.17155 || 253.96 | 77.97 | 1.0828 | 0.13230 | 253.36 | R77.17 | 1.0604
40 | 0.17783 || 262.06 | |286.96 | 1.1120 | 0.13730 | 261.53 | |p86.24 | 1.0898 "
50 | 0.18404 || 27032 | k96.09 | 1.1407 | 0.14222 | 26085 | po5as | 11187
60 | 0.19020 || 27874 | 0537 | 1.1690 | 0.14710 | 278.31 | o479 | 1.1472
70 | 0.19633 || 28732 | [314.80 | 1.1969 | 0.15193 | 286.93 | [B14.28 | 1.1753
80 | 020241 | 296.06 | 2439 | 12244 | 0.15672 | 29571 | 2392 | 1.2030
90 | 0.20846 || 304.95 | I334.14 | 1.2516 | 0.16148 || 304.63 | |333.70 | 1.2303 =

2.0 bars [0.20 MPa) {r... = —10.09°C) | 2.4 barsf0.24 MPa) [T, = —5.37°C)
sat. | 000933 || 221.43 (4130 | 09253 | 0.08343 || 224.07 | foas.09 | 09222
—-10 | 0.09938 || 221.50 | |241.38 | 0.9256

0 | 0.10438]| 22923 |[250.10 | 0.9582 | 0.08574 | 228.31 | |248.89 | 0.9399
10 | 010022 237.05 | |os8.89 | 0.9898 | 0.08993 || 236.26 | |o57.84 | 09721
20 | 0.11394 || 244.99 ||267.78 | 1.0206 | 0.09399 || 244.30 | J266.85 | 1.0034 =
30 | 0.11856 || 253.06 |}276.77 | 1.0508 | 0.09794 || 252.45 |]275.95 | 1.0339
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Table A-18 Properties of superheated refrigerant 134a (CF;H,)

——
XE-/@ ?\:\\

AV =0,W =0

V.

Q = AEjn¢

TEARIEHRRENREZ |

EEIFIREHI N RE Z R E |

(T, °C; v, m*/kg; v, ki/kg; h, ki/kg; s, ki/kg-K)

Pressure

SRR BT A (a) Fixed volume of gas is heated, raising T'and P

o

P;>P,

T+ AT
T

/4 v | u | h [ s v l u
0.6 bar (0.060 MPa) (i, = ~37.07°C) | 1.0 bar (0.10 MPa) (T.,, = ~26.43°C)

Sat. | 0.31003 | 206.12 | 224.72 | 0.9520 | 0.19170 | 212.18 | 231.35 0.93%
=20 | 033536 | 217.86 | 237.98 | 1.0062 | 0.19770 | 21677 | 236.54 | 0.9602 %
~10 | 034992 | 22497 | 24596 | 1.0371 | 0.20686 | 224.01 | 24470 | 09918 "
0 | 036433 | 23224 | 254.10 | 1.0675 | 021587 | 231.41 | 252,99 | '} 0227
10 | 037861 | 239.69 | 262.41 | 1.0973 | 0.22473 | 238.96 | 261.43 | 1.0531 |
20 | 039279 | 247.32 | 270.89 | 1.1267 | 0.23349 | 246.67 | 270.02 | 1.0829
30 | 040688 | 255.12 | 279.53 | 1.1557 | 0.24216 | 254.54 | 27876 | 1.1122
40 | 042001 | 263.10 | 28835 | 1.1844 | 025076 | 262.58 | 287.66 | 10411 *
50 | 043487 | 27125 | 297.34 | 1.2126 | 0.25930 | 270.79 | 29672 | 1.1696
60 | 044879 | 279.58 | 306.51 | 1.2405 | 0.26779 | 279.16 | 30594 | 1.1977
70 | 0.46266 | 288.08 | 315.84 | 1.2681 | 027623 | 287.70 | 31532 | 12254
80 | 0.47650 | 296.75 | 32534 | 1.2954 | 0.28464 | 296.40 | 324.87 | 1.2528
90 | 0.49031 | 305.58 | 335.00 | 1.3224 | 0.29302 | 305.27 | 334.57 | 1.2799

Volume



TE BR AR RE AT HA

W = PAV

AEint = Q —W = Q — PAV

Q - AEint + PAV
RO A BE R A — (B E RV AR ZE - H.....
FEEER AP =0 - [NEEPAV = A(PV)

Q = A(Eie + PV ) = AH

Pressure

p AV

;

T+AT
-
V+AV

i/

H(P,V) = Eine(P,V) + PV

Volume

H At: v P V E \TI ‘ 174 \ 7 E h 1 Table A-18 Properties of superheated refrigerant 134a (CF;H,)
ﬁl:l ng/jj_\‘ TN ) A [Ql ) /n\ a Ilt a py ©
(T, °C; v, m®/kg; v, ki/kg; h, ki/kg; s, ki/kg-K)
—— L DY N2 A z ‘ 4 | i ] . il [ K 1 h s
XE Eﬁ E/\j 5:;::‘:}!'[‘ ﬁ? EUKEE[*@ E ' Q = A H 0.6 bar (0.060 MPP) (7 = —§7.07°C) | 1.0 bar (0.10 MPa) (., = ~26.43°C)
—= VN A ° sat. | 031003 | 206.12] | 22472 |Jo.9520 | 0.19170 | 212.18 | 23135 | 0.9395
=20 | 0.33536 | 217.86f| 237.98 |J1.0062 | 0.19770 | 216.77 | 236.54 | 0.9602
@ — E —\‘ [[ ' —10 | 034992 | 224.970| 24596 |§1.0371 | 0.20686 | 224.01 | 244.70 | 0.9918
? U ,U\ E[' /l]_" T\E & / N e 0 | 036433 | 232.24f | 254.10 (J1.0675 | 0.21587 | 231.41 | 252.99 | 1.0227
10 | 0.37861 | 239.69) | 262.41 |§1.0973 | 0.22473 | 238.96 | 261.43 | 1.0531
20 | 0.39279 | 247.324 | 270.89 |§1.1267 | 0.23349 | 246.67 | 270.02 | 1.0829
30 | 0.40688 | 255.128 | 279.53 |J1.1557 | 0.24216 | 254.54 | 278.76 | 1.1122
40 | 0.42091 | 263.1 288.35 (§1.1844 | 0.25076 | 262.58 | 287.66 | 1.1411
50 | 0.43487 | 271.254| 297.34 |§1.2126 | 0.25930 | 270.79 | 296.72 | 1.1696
60 | 0.44879 | 279.5 306.51 [§1.2405 | 0.26779 | 279.16 | 305.94 | 1.1977
70 | 0.46266 | 288.084 | 315.84 |J1.2681 | 0.27623 | 287.70 | 315.32 | 1.2254
80 | 0.47650 | 296.75] | 325.34 (§1.2954 | 0.28464 | 296.40 | 324.87 | 1.2528
90 | 0.49031 | 305.5 335.00 (§1.3224 | 0.29302 | 305.27 | 334.57 | 1.2799
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/EU%%%XHE Qab: ch ’ SK Qac
p (Pa)
a
3.0 X 10°F &
2.0 X 105- Y

%
1.0 X 10 , e—>—%

| 1 | 3
ol 002004 0.06 " (™)

REEJJER S — E AN ac 3 Fz -
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Specific Heats of Some Substances at 25°C

1 2 3 4 5 6 7
L O O and Atmospheric Pressure
/ (a) Circle Circular |
/ hole Specific heat ¢
LR LRI LA LN LRR LAY AR RRR ALY LI LA RLAL
1 2 3 4 5 O 6 O 7, Substance J/kg +*°C cal,/g «*C
() Elemental solids
. . . Aluminum 900 0.215
Some Coefficients of Linear Expansion® Beryllium | 830 0.436
Substance a (1078/C°) Substance a (1074/C°) Cadmium 230 0055
Copper AR7 0.092 4
Ice (at 0°C) 51 Steel 11 Germanium 322 0.077
Lead 29 Glass (ordinary) 9 Gold 129 0.030 8
) . ’) - " e . -~ -
Aluminum ﬁg anss (Pyrex) 3.3 prn 448 0.107
Brass It Diamond 1.2 Lead 128 0.030 5
Copper 17 Invar® 0.7 Sili 703 0.168
- SLHIcoOn AN AN
Concrete 12 Fused quartz 0.5 l i / g
Silver 224 0.056
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Table A-18 Properties of superheated refrigerant 134a (CF;H,) e "ﬁ

(T, °C; v, m3/kg; u, ki/kg; h, ki/kg; s, ki/kg-K)

T v l u I h I s v l u l m
0.6 bar (0.060 MPa) (T, = —37.07°C) | 1.0 bar (0.10 MPa) (T, W*
Sat. | 031003 | 20612 | 22472 | 09520 | 0.19170 | 21218 | 231.35 | 09305
=20 | 033536 | 217.86 | 237.98 | 1.0062 | 0.19770 | 21677 | 236.54 | 0.9602, %
~10 | 0.34992 | 22497 | 24596 | 1.0371 | 0.20686 | 224.01 | 24470 | 0.9918
0 | 036433 | 23224 | 254.10 | 1.0675 | 0.21587 | 23141 | 25299 | 1.0227
10 | 037861 | 239.69 | 262.41 | 1.0973 | 0.22473 | 238.96 | 261.43 | 1.0531
20 | 039279 | 247.32 | 270.89 | 1.1267 | 0.23349 | 246.67 | 270.02 | 1.0829
30 | 0.40688 | 255.12 | 279.53 | 1.1557 | 0.24216 | 254.54 | 278.76 | 1.1122 *
40 | 0.42091 | 263.10 | 288.35 | 1.1844 | 0.25076 | 262.58 | 287.66 | 1.1411 -
50 | 0.43487 | 271.25 | 297.34 | 1.2126 | 0.25930 | 270.79 | 296.72 | 1.1696
60 | 044879 | 279.58 | 306.51 | 1.2405 | 0.26779 | 279.16 | 30594 | 1.1977 =
70 | 0.46266 | 288.08 | 315.84 | 1.2681 | 0.27623 | 287.70 | 31532 | 1.2254 -
80 | 0.47650 | 296.75 | 32534 | 1.2954 | 0.28464 | 296.40 | 324.87 | 1.2528 +
90 | 0.49031 | 305.58 | 335.00 | 1.3224 | 0.29302 | 305.27 | 334.57 | 12799
1.4 bars (0.14 MPa) (T, = —18.80°C) | 1.8 bars (0.18 MPa) (T.,, = —12.73°C)
Sat. | 0.13945 | 216,52 | 236.04 | 0.9322 | 0.10983 | 219.94 | 239.71 | 0.9273
~10 | 0.14549 | 223.03 | 24340 | 0.9606 | 0.11135 | 222.02 | 242,06 | 0.9362
0 | 015219 | 230.55 | 251.86 | 0.9922 | 0.11678 | 229.67 | 250.69 | 0.9684
10 | 0.15875 | 23821 | 26043 | 1.0230 | 0.12207 | 237.44 | 259.41 | 0.9998
20 | 0.16520 | 246.01 | 269.13 | 1.0532 | 0.12723 | 245.33 | 268.23 | 1.0304
30 | 0.17155 | 253.96 | 277.97 | 1.0828 | 0.13230 | 253.36 | 277.17 | 1.0604
40 | 0.17783 | 262.06 | 286.96 | 1.1120 | 0.13730 | 261.53 | 286.24 | 1.0898
50 | 0.18404 | 27032 | 296.09 | 1.1407 | 0.14222 | 269.85 | 295.45 | 1.1187
60 | 0.19020 | 27874 | 305.37 | 1.1690 | 0.14710 | 278.31 | 304.79 | 1.1472
70 | 019633 | 28732 | 314.80 | 1.1969 | 0.15193 | 286.93 | 31428 | 1.1753
80 | 020241 | 296.06 | 324.30 | 1.2244 | 0.15672 | 295.71 | 32392 | 1.2030 "
90 | 0.20846 | 304.95 | 334.14 | 1.2516 | 0.16148 | 304.63 | 333.70 | 1.2303 =
2.0 bars (0.20 MPa) (T = —10.09°C) | 2.4 bars (0.24 MPa) (Ty = —5.37°C)
Sat. | 009933 | 22143 | 241.30 | 09253 | 0.08343 | 224.07 | 244.00 | 09222~
~10 | 0.09938 | 221.50 | 24138 | 0.9256 -
0 | 0.10438 | 22923 | 250.10 | 0.9582 | 0.08574 | 228.31 | 248.89 | 0.9399
10 | 010922 | 237.05 | 258.89 | 0.9898 | 0.08993 | 236.26 | 257.84 | 0.9721
20 | 0.11394 | 244.99 | 267.78 | 1.0206 | 0.09399 | 244.30 | 266.85 | 1.0034
30 | 0.11856 | 253.06 | 276.77 | 1.0508 | 0.09794 | 252.45 | 275.95 | 1.0339
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Some Coefficients of Linear Expansion’ Specilic heat ¢
Substance a (107%/C?) Substance a (107%/C?) Substance J/kg-"C cal/g-°C
Ice (at 0°C) 51 Steel 11 Elemental solids
Lead ' 29 Glass (ordinary) 9 Aluminum 900 0.215
Aluminum 3 Glass (Pyrex) 32 Beryllium | 830 0.436
Cl ass 17 ?lambond (1)‘_; Cadmium 230 0.055
opper nvar . . =
= ( T 3 ).092
Concrete 12 Fused quartz 0.5 RS _ ) Dl
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Gold 129 0.030 8
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Lead 128 0.030 5
Silicon 703 0.168
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Celsius Temperature vs. Volume
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T.<T,
P <P,
n and V are constant

Joseph Louis Gay-Lussac 1778 —1850

stirrer 1804 hot-air balloon ascent to a height of 7,016 metres
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Table A-18

Properties of superheated refrigerant 134a (CF;H,)

(T, °C; v, m3/kg; v, ki/kg; h, ki/kg; s, ki/kg-K)

r-am
———— .

T v I u l h | s v l u l hm
0.6 bar (0.060 MPa) (T, = —37.07°C) | 1.0 bar (0.10 MPa) (T.,, =T“3,T§f‘**
sat. | 031003 | 206,12 | 22472 | 0.9520 | 0.19170 | 21218 | 231.35.| 0.9305 |
=20 | 033536 | 217.86 | 237.98 | 1.0062 | 0.19770 | 21677 | 236.54 | 09602
~10 | 0.34992 | 224.97 | 245.96 | 1.0371 | 0.20686 | 224.01 | 24470 | 0.9918 =
0 | 036433 | 23224 | 25410 | 1.0675 | 0.21587 | 231.41 | 252.99 | 1.0227 "
10 | 037861 | 239.69 | 262.41 | 1.0973 | 0.22473 | 238.96 | 261.43 | 1.0531
20 | 039279 | 247.32 | 270.89 | 1.1267 | 0.23349 | 246.67 | 270.02 | 1.0820 =
30 | 0.40688 | 255.12 | 279.53 | 1.1557 | 0.24216 | 25454 | 27876 | 1.1122
40 | 0.42091 | 263.10 | 288.35 | 1.1844 | 0.25076 | 262.58 | 287.66 | 1.1411
50 | 0.43487 | 271.25 | 297.34 | 1.2126 | 0.25930 | 270.79 | 296.72 | 1.1696
60 | 0.44879 | 279.58 | 306.51 | 12405 | 0.26779 | 279.16 | 30594 | 1.1977
70 | 0.46266 | 288.08 | 315.84 | 1.2681 | 027623 | 287.70 | 31532 | 12254 -
80 | 0.47650 | 296.75 | 325.34 | 1.2954 | 0.28464 | 296.40 | 324.87 | 1.2528
90 | 0.49031 | 305.58 | 335.00 | 1.3224 | 0.29302 | 305.27 | 334.57 | 1.2799 =
1.4 bars (0.14 MPa) (T.,, = —18.80°C) | 1.8 bars (0.18 MPa) (T, = ~12.73°C)
Sat. | 0.13945 | 216.52 | 236.04 | 0.9322 | 0.10983 | 219.94 | 239.71 | 0.9273
~10 | 0.14549 | 223.03 | 24340 | 0.9606 | 0.11135 | 222.02 | 242.06 | 0.9362 %
0 | 0.15219 | 23055 | 251.86 | 0.9922 | 0.11678 | 229.67 | 250.69 | 0.9684
10 | 0.15875 | 23821 | 260.43 | 1.0230 | 0.12207 | 237.44 | 259.41 | 0.9998 =
20 | 0.16520 | 246.01 | 269.13 | 1.0532 | 0.12723 | 24533 | 26823 | 1.0304
30 | 0.17155 | 253.96 | 277.97 | 1.0828 | 0.13230 | 253.36 | 277.17 | 1.0604
40 | 0.17783 | 262.06 | 286.96 | 1.1120 | 0.13730 | 261.53 | 286.24 | 1.0898 *
50 | 0.18404 | 27032 | 296.09 | 1.1407 | 0.14222 | 269.85 | 29545 | 1.1187
60 | 0.19020 | 278.74 | 30537 | 1.1690 | 0.14710 | 27831 | 304.79 | 1.1472
70 | 0.19633 | 287.32 | 314.80 | 1.1969 | 0.15193 | 286.93 | 314.28 | 1.1753
80 | 020241 | 296.06 | 32439 | 1.2244 | 0.15672 | 20571 | 32392 | 1.2030 "
90 | 0.20846 | 304.95 | 334.14 | 1.2516 | 0.16148 | 304.63 | 333.70 | 1.2303 =
2.0 bars (0.20 MPa) (T, = —10.09°C) | 2.4 bars (0.24 MPa) (T, = —5.37°C)
sat. | 009933 | 22143 | 24130 | 09253 | 0.08343 | 224.07 | 244.00 | 09222
10 | 0.09938 | 221.50 | 241.38 | 0.9256
0 | 010438 | 22923 | 250.10 | 0.9582 | 0.08574 | 228.31 | 248.89 | 0.9399
10 | 0.10922 | 237.05 | 25889 | 0.9898 | 0.08093 | 236.26 | 257.84 | 09721
20 | 0.11394 | 244.99 | 267.78 | 1.0206 | 0.09399 | 244.30 | 266.85 | 1.0034
30 | 0.11856 | 253.06 | 276.77 | 1.0508 | 0.09794 | 252.45 | 275.95 | 1.0339
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Type of Gas Gas (J/mol « K)
Monatomic He 12.47
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Diatomic H, 20.42
N, 20.76
0, 20.85
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Polyatomic CO, 28.46
SO, 31.39
H,S 25.95
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1. FE 1 EENAR - BHE—RRE - —iabl - BEZ 0.05kg > {LI0RE
& 0C » seEN B EEEFUE 900 kg « C - S5 —iudl » HEE 0.1kg
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Cp:CV+R

B o0 T 4H peHy E AR SR AG

3 5 Q
Cy = —R Cp = —R T
2 2 He
JAN y =
B R o TV TE SR A
>R ‘R \
CV = = CP = — )
2 2 /
YAN y = Heh
%R+ A HY B AR SR RS ”
CV - 3R CP = 4R “/}\\\l
Table 19.1 Molar Heat Capacities of Gases at Low Pressure
& C, C, — Cy
Type of Gas Gas (J/mol * K) (J/ mol « K) (J/ mol * K) v = C)J/Cy
Monatomic He 12.47 20.78 8.31 1.67
Ar 12.47 20.78 8.31 1.67
Diatomic H, 20.42 28.74 8.32 1.41
N, 20.76 29.07 8.31 1.40
(0)) 20.85 29.17 8.31 1.40
CO 20.85 29.16 8.31 1.40
Polyatomic CO, 28.46 36.94 8.48 1.30
SO, 31.39 40.37 8.98 1.29

H,S 2595 34.60 8.65 1.33
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FIGURE 17.8 Chinooks,
warm dry winds, occur
when high-altitude air
descends and is adiabatically
warmed.

Cold moist air

4
N

worm >~ T
moist arr ey ~—
—

is compressed into a smaller volume and is appreciably warmed (Figure 17.8).
fect of expansion or compression on gases is quite impressive.*

Arising blob cools as it expands. But the surrounding air is cooler at increz
evations also. The blob will continue to rise as long as it is warmer (less dense) tl
surrounding air. If it gets cooler (denser) than its surroundings, it will sink. Unde
conditions, large blobs of cold air sink and remain at a low level, with the result t
air above is warmer. When the upper regions of the atmosphere are warmer tt
lower regions, we have a temperature inversion. If any rising warm air is less
than this upper layer of warm air, it will rise no farther. It is common to see evidt
this over a cold lake where visible gases and particles, such as smoke, spread out
layer above the lake rather than rise and dissipate higher in the atmosphert
ure 17.10). Temperature inversions trap smog and other thermal pollutants. The s
Los Angeles often is trapped by such an inversion, caused by low-level cold air fr
ocean over which is a laver of hot air that moves over the mountains from the
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19.48 <+ The graph in Fig. Figure P19.48
P19.48 shows a pV-diagram

for 3.25 moles of ideal helium p(Pa X 10°)

(He) gas. Part ca of this a b
process is isothermal. (a) Find
the pressure of the He at point
a. (b) Find the temperature of
the He at points a, b, and c. (¢) N T DA .
How much heat entered or left | : |
the He during segments ab, bc, ol 0010 0.040
and ca? In each segment, did

the heat enter or leave? (d) By how much did the internal energy of
the He change from a to b, from b to ¢, and from ¢ to a? Indicate
whether this energy increased or decreased.

C

V(m?)




19.11 ** The process abc
shown in the pV-diagram in
Fig. E19.11 involves 0.0175
mole of an ideal gas. (a) What
was the lowest temperature the
- gas reached in this process?
Where did it occur? (b) How
much work was done by or on
the gas from a to 5? From b to
¢? (c) If 215 J of heat was put
into the gas during abc, how
many of those joules went into
internal energy?

Figure E19.11

20 40 6.0
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