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a
Vll319M  2.1 Typical values of Specific Heats

cP C”

Substance W/kg.% B;u/lbm.“F GJ/kg.“C Btu/lbm.‘F

Solids (2fC)
Aluminum 0.X96 0.214
Copper 0.383 0.091
Iron 0.452 0. IOX
Silver 0.234 0.056
Tungsten 0.134 0.032
Brick 0.x4 0.201
Glass wool 0.7 0.167
Wood (pine) 2.x 0.669

Liquids (20°C)
Water 4.18 1 Xi,,
Freon I2 0.966 0.231
Ammonia 4.8 1.15
Engine oil I .9 0.45
Mercury 0.14 0.033
Ethylene  glycol 2.38 0.57

Gases (I atm. 20°C)
Air I .005 0.24 0.718 0.1715
Hydrogen 14.32 3.42 IO. I7 2.43
Carbon dioxide 0.846 0.202 0.653 0. IS6
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Tcmparaturc  (dcg K)

yJd  2.2 cp  and cv  for copper, as functions of lemperature  at a constzant  pressure of I atm.
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7 I2. . . . . . . . . . -.

Qvhvhm.hvm.m75 xl:rt;

pdv  + vdp = RdT

. . . pW),, = WJT),

wi pdv = GM,
:. (aw), = p(dG),  = R(dT), . . . . . . . ...2.13

q~nngqfuVlVWFWi+S~i  1

Wp = ml),  - t-w, . . . . . . . . . . 2.14

LUlUdl RUfll~ (2.11). (2.12) UR:  (2.13) RJ~URUfllT  (2.14) X%-i

c,dT = cpdT  - RdT

:.  C” = c  - R
P

II% R = c - cD ” . . . . . . . . . . 2.1s
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cP 5 K
Molecular

Gas Weight Btu/lbm.% kJ/kg.C  Bt$lbm.“F  kJikg.‘C  ft-lbf/lhm.“R  J/kg.K  y

Air 28.97 0.240 I .INlS 0.1715 0.718 5.7.35 2x7. I I .40
Hydrogen. H, 2.016 3.42 14.32 2 43 IO.17 767.0 4127 1.41

I Ieliunl.  I Ic 4.003 I.25 5.234 0.75 3.14 38h.S 207X I .hh
Methane.  CH4 16.04 0.532 2.227 0.403 I .6X7 Y h  4 SIR.7 I.33

Water vapor. II,0 IS.02 0.446 I .t;h7 0.336 I.407 x5.6 460.6 I.33
Acctylenc.  C,tll 26.04 0.4OY I.712 il.333 I .3Y4 59.4 319.6 I.23
Carbon monuxidr.  CO 28.01 0.249 I.043 0.  17X 0.745 5s.  Ii 2Yh.h I .JO
Nitrogen,  N 2x.02 0.248 I .03x 0  177 0.741 5s.  I2 2Yh.6
Ethanc,  C>do

I ..I0
30.07 0.422 I .7h7 0.357 I .4YS 51.3 276 l.IX

owv~zen.  0 32.00 O.?IY O.‘J17 0.156 0.653 48.24 259.6 I ..ul
Arcon.  A 39.94 0. I23 0 51.5 0.074 0:310 3X.6.5 20x I .07
Carbon  dioxide, CO, 44.01 0.202 0.X40 0. IS6 0.653 35.1 lxx.‘) I .30
Propane.  C,H, 44.09 0.4(14 I .hY2 0.360 I .507 35.0 IX8.S I.12
Isobutane.  C& 58. I2 0.420 I .75x 0.3x7 I.62 26.6 143.1 I 0’)



2.4 W~~~l~fllUbllB~&%Q~~  (internal energy of real gas)
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u =

du =

Ga u =

du = ($)PdT+($)Tdp . . . . . . . . . . 2.11

f(v, T) I

(fj$dv+(g),dT . . . . . 2.16

f (T.P)
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:. pdv + vdp = RdT

llfi: R = cp  - c,

iinudi  R .aihbwunm xl6

pdv + vdp = (cp-c,)  dT

twni5  (2.19) m3kmfamm  (2.18) xl:%

@,I  + vdp Itcp-c~)  dT

pdv c,dT

vdp - - 3
pdv C”

J!lL=-rdv
P ‘v

.  .  2.18

. . . . . . . . . . 2.19

PIVly = p&

lhwo- Pvy = constant
2” Pd

ukx-minu~4~an  2 mm73  Go

Tvy-t  = constant

. . . . . . . . . . 2.20

. . . . . . . . . . 2.21

fl
TP  y = constant . . . . . . . . . .2.22
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‘i
lbl  2.7 (fl)  Adiehatic processes (ful l  l ines) on the ideal  gas p-v-l’  surface.

:dd  2.7 (9)  Projection of adiabatic processes in (fl) on the p-v plane.

W I’?
PdV

“ I

PVY = constant  = C

P zz c”-’
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w = &Pp*  - P,V,) . . . . . . . . 2.23

Rw .=  @yr,,l
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7tW = pdv

uaz du =aq-aw  =aq-pdv

:. aq = du + pdv

LLl’lU~l~Ufll%  (2.26) i=dMWl15  (2.27) LLdl$bd  &b%l

. . . . . . . . . . 2.27

aq = @j/T  + [p+($jT]dv
. . . . . ..__ 2.28

cvdT,  =

..2.29

. . . . . . . .

cpdTp = cVdT,,+[p+(g)71dVP

= c”+[P+($jr](gp . . . . . . . . . 2 .31
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Jq, = [~+($)~]dv~

3, =  pdvT +
T dvT . . . . . . . ...2.32

. . . . . . . ...2.33

dv =  (&iT  +  ($)Tdp
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a4 = [Wp  + P(~)p]dT+[(~)T+p(~)Tldp-,--_---(2.34)

ihI( 1,T P
= cp - ppv

= pvK  - f (cp-.cvj

aqT = + (C,--cp)  dP,

au
( 1

Kc
F”

T-L
P

au
t 1“VP

.cP - pzz-
PV

aq,
CK.

cP=  J-  dp, +  - dvT
P PV
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2 . 7  fbJ~WSllhn”  (Carnot cycle)

P
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(Cl,  + 0,) - W = 0
... w = (OH  + 0,)
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w
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COP or E QL QL
= -w =  -o,, +  q
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Wq=- = w,lh  + Whc  + ycd + wd;,
QH QH

=

VbnR(THlnv  +T$“)
a Y

nRTH  ln 3
Va

.  2 . 3 7

I I
T;- ’ . va.  = T’- 1 . v,

unudiadufiuni-r  ( 2 . 3 7 )  erll
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2. n. 6q. 11.  - 7q. it oa,  = soj. o,,, = lq

3 .  ?I KS/kg  -moie-deg.  1.  I  x 1O’Jikg  - m o l e - d e g .

“I. 2.75 x 10’~

R. 3.4 x ldJ/kg -mole-&g.

4. cv =  a  - (bp/T)

5 .  fl. l’)RT,/2.  17RT,i2, lXRT,/2.  21.  c =  3R

6 .  f l .  ncvT,,i2.  II. 3TJ2,  FL  21T,,i4.  9.  19ncvT,,i4

7. n. 32. 400, 66.2 x 105. hh.2 x 10.  0

21. 14, 175. 27.3 x 10’. 0.  - 27.3 x 10’

Fl. 32, 400. 0. 0. 0

9. n. - 5.s x 105j,  “I. - 15.x x 1dJ.  $9. - 10.3 x 1o’J. 9. 223K
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