Some Relationships for Gases define some units
these are extracted from Van Wylen & Sonntag, Fudamentals of Classical
Thermodynamics, Third Edition to which page numbers and equation numbers apply
2006: included reference to text: Woud section 2.23 in [W n.nn]

ki = 10°.

kmol := 1O3mole

section 3.4 Equations of state for the vapor phase
of a simple compressile substance - page 41
(Woud page 20)

gas at low density (experiment) pv=RT R = universal_gas_constant (3.0)
XXX = mole_basis
R_bar := 8.3144 units sometimes ... _ Kk
- kmol-K kg_mol-K
R=— K
T mw mw = molecular_weight for R_bar above mw = L
kmol
P1Vy P2V 2.32,2.33
pV=mRT of.. [pv=R 3.2) . (3.5) W [
T T2

section 4.3 Work done at moveable boundary of
simple compressible system - page 63

V2
if ... pV'=constant n=1  W; ,= J pdV=py-Vy: r
SV J
Vv

section 5.6 The Constant-Volume and
Constant-Pressure Specific Heats - page 98

specific heat = increment of heat Q to change T by 1 deg c= i@ 1 = specfic
m 8T m
two cases: 1) constant volume 1 8Q
Cy=—— constant volume
m 8T
1st law ... 3Q = dE + dW = dU + dKE + dPE + 8W (5.4)
8Q = dU + p-8V dKE =dPE =0 SW=p3dV=0
cy = i@ = 1 = du cy = &y constant volume (5.14) [wW 2.36]
m 8T m 8T  oT oT

2) constant pressure 8Q=dU+p8V=06H  as.. dH=d(U+p-V)=dU+p-dV+Vdpdp=0

c. = i@ = iﬁ = Sh C. = il constant pressure (5.15) [w 2.37]
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section 5.7 The Internal Energy, Enthalpy
and Specific Heats of Ideal Gases - page 100

ideal gas pv=RT u=f(T) experiment (Joule)
ou : _ = => constant volume
Cy = g u not a function of v => du = ¢y, d VO ideal gas (5.20)
also ... .
h=u+pv=u)+RT=h(T) i.e. h=F(T) only
Cp = oh => dh = Cpo'd po =>constant pressure (5.24)
oT ideal gas
; dh _ du . .
relation between c,,and c ... h=u+pv=u+RT — = — + R differentiate w.r.t T
dT  dT
CpO =c¢y,u+ R or ... CpO - Cyp =R (5.27)

with constant ¢ |h2 ~hi = CPO'(TZ - Tl)i otherwise integrate if ¢(T) known or tables  (5.29)  [W 2.38]

section 7.10 Entropy Change of an

Ideal Gas - page 206 T-ds = du + p-dv (7.7) [W 2.18]
T => T
du = ¢,odT and... pv=RT => p= R; T-ds = o dT + R-;-dv
dT q Ty vy Cyg = constant
ds = cyg— + R (7.19)  |sp -1 = cv0~ln(—j + R~In(— (7.24)
T \" Tl Vl
otherwise integrate or use
tables
T-ds = dh — v-dp (7.7) W 2.21]
= and = => =R => = T
dh = Cpo'dT - pv=RT = v = ; = T.ds = Cp0~dT - R-;-dp
dT dp o — s = cIn 7 R.In P2 | (7.23) Cpo = constant
= — _R.—=X 7.21 = 271 = po | T T
ds = ¢y = R ) (7.21) P T Py

otherwise integrate or use
tables
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page 211 introduce specific heat v =2 (7.30) [W2.44] v = y(T) as ... c=¢(T)
ratio y Cvo
from above Cpo ~ Cvo = R Cvo = Cpo ~ R=vyc,,-R =2 cvo-(l - y) =-R
. . R
changing signs ... N (7.31)
y-1
similarly ... _ _ _ ‘oo _ 1y _ . y-1
CpO_CVO_R ch—R+cVO—R+— => cpo-l—— —R—cpo-—
Y Y Y
7.31
¢y =R Y (7.31)
y-1

for constant specific heat = perfect gas

reversible, adiabatic process ... Tds=du+p-dv=0 reversible, adiabatic ...
1
du + p-dv = ¢, dT + p-dv p-v=RT => dT = E-(p-dv + v-dp)
Cvo Cvo R 1
0 =c¢odT + p-dv = —(p-dv + v-dp) + p-dv = —(p-dv + v-dp) + p-dv = —— —-(p-dv + v-dp) + p-dv
R R y-1R
_ _ dp dv .
=> (p-dv + v-dp) + p-dv(y ~1)= v-dp + y-p-dv=0 => — +y—=0 dividing by pv
p %
int ting ... . = 7.32 2.49
integrating In(p) + y-In(v) = constant ~ or B Jp— (7.32) W 2.49]
: P (vi)
rearranging ... R
P1 V2
for ideal gas plvl B p2V2 = E _ E E _ E E =
T1 T2 Vo Tapp TP

1- 1 1
Pz_Vly_ Tlpzy_ 7Y (p2) . [P2 y_ T P2 (T1 Y_sz
PL (V2 To P Ty ) \P1 P1 T P (T2 T

and ... for reversible adiabatic process constant specific heat (ideal gas)

r-1 . el
T _ - 2.47
T, Py vq =1 (7.35) or ... Tp’ 1 Tp ¥ = constani W ]
LR V2 -
T-.v'"" = constanf [W 2.48]
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to explore the effect of temperature on the coefficients of specific heat the following is
provided

to calculate enthalpies at non-standard conditions one approach is to use constant-pressure specific heats from
Table A.9 of Van Wylen and Sonntag ... The applicable temperature range for these materials is 300 - 3500 deg K
with less than approximately 0.5 % maximum error to experimental values. see also figure 5.10 on page 103.

02

C_02

N2

H2_O

air based on volumetric average as these are on mole basis ...

15 -15 -2
Cpo_02(0) = 37.432 + 00201020 - 17857-0" ~ + 236.88-0
C (0) = ~3.7357 + 30.520-0*° — 4.1034.0 + 0.024198-0°
po_c_oz = —o. + . . — 4, 0+ 0. .

-15 -2 -
Cpo_N2(0) == 39.060 - 512.79-0” " + 107270 * - 820.40-0

0.25 05
Cpo_H2 0(0) = 143.05 - 183.54.-0 " + 827510 " - 3.6989-

specific heat

air
Cpo_airl®) = 021-Cpy 02(6) + 0.79:-Cpy \p(0)
T := 300.. 3500
MW
Specific Heat (Constant Pressure) Cp
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relatively constant at reasonably low temperatures
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Temperature deg K

kJ
kmol-K

kJ
kmol-K

3 kJ
kmol-K

kJ
kmol-K

_ T Tindeg
100 K

givenin
kJ/kmole*K so
divide by
molecular weight
to get kJ/kg*K
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the next section was added Nov 2005 to organize plots for Brayton and dual (Seiliger) cycles
applications of above relationships to processes

kJ o
R=0287 =14  p=10085  —— ==, =0717

kg~K Y

units assumed are p = bar, v=m3/kg, T = K, s = kJ/kg*K
100 necesary for consistency in numerical calculations without units.

isentropic adiabatic compression (expansion)
pressure ratio known

R-Tinitial

Pinitial = 1 Tinitial = 400 Sinitial = 1 Vinitial = 100 100 Vinitial = 1.148
Initia

y-1 1

Y Y
‘ ‘ Pfinal . ‘ Pinitial
Pfinal = 10 Tfinal = Tinitial| = Sfinal *= Sinitial Vfinal = Vinitial |
Pinitial Pfinal

Ty = 772.279 Ve = 0.222
final Sfinal = 1 final

p - v plot parameterized on either p or v say p

Pfinal — Piniti
Sp = M to plot 20 points and accomodate increases and decreases

20
PP = Pinitial: Pinitial + P - Pfinal T - s is straight line, need 2 points
1
o) (pmitmjy e oy [ Tinital Sinitial - ( 400 1)
v_plot(pp) := Vinitiar| ——— s_plot := s_plot =
initial'{ =gy Teinal  Sfinal 772.279 1

10 p-v isentropic compression (expansion) T-s isentropic compression (expansion)

800
a 5 = 600
400
0.99 0.995 1 1.005
0
0.2 04 0.6 0.8 1 1.2
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isentropic adiabatic compression (expansion)
volume ratio known

R-T: i
nitial
Ninitial= 1 initiali = 400 Sioitiaki= 1 Rinitihi= T30 Pinitial = 1-148
Vinitial 100
-1 Y
1 . Vinitial . . Vinitial
Mfinalh= 7o AMfinabi= Tinitial| -~ Stinah = Sinitial Rfinaly= Pinitial|
final final
3
Tfinal = 1.005 x 10 o 21 Pfinal = 28-836
final
p - v plot parameterized on either p or v say p
Pfinal — Piniti
3p == w to plot 20 points and accomodate increases and decreases
PP = Pinitial Pinitial + P - Pfinal T - s is straight line, need 2 points
1
Pinitial | Tinitial Sinitial 400 1
pv_plot(pp) = Vinitiall ——— Ts_plot := Ts_plot = 3
PP Tfinal ~ Sfinal 1.005 x 10° 1
p-v isentropic compression (expansion) T-s isentropic compression (expansion)
40
1500
1000
- |
2 20 500
0
0.99 0.995 1 1.005
0 S
0 0.2 0.4 0.6 0.8
or ... v
Vinal = Vinit
v = _final ~ Zinitial to plot 20 points and accomodate increases and decreases

20

WV = VinitialVinitial * &V - Vinal Vinitial
RYRIHW) = Pinitiar| — -

p-Vv isentropic compression (expansion)

40

2 20
same plot as above

0 0.2 0.4 0.6 0.8
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heat transfer at constant pressure ....

set up to go from T, t0 Tg o @t p = constant, s, assumed = 1

initialy= 298 Sinitiah= 1 Pconstant = 3 Par Vinitial = 1
TE' = 500 final end state calculation
Tfinal
Stinak/= Sinitial + Cpo' M T Sfinal = 1519 Vinal = 04
initial

inbetween states for plotting .......

p - Vv is a straight line
needing only end
points to plot

Pconstant Vinitial

9% Rlot =

Pconstant  Vfinal
ot 3 1
v_plot =
VP 301

heat transfer constant pressure

3.004
3.002
o 3
2.998
2.996
0 0.2 0.4 0.6 0.8
\%
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if desired for a simulation where interim p v points are
required, choose one parameter, e.g. T or v and
calculate v or T using pv/T = R for the other

TT:= Tinitial - Tfinal

TT
Splot(TT) = | Sinitial + Cpo’I T
initial

heat transfer constant pressure

500

400

300

200



heat transfer at constant volume ....

set up to go from T, t0 Tg 5 @t v = constant, s, assumed = 1

R-T::.:
initial
initiali= 4°0 Sinitiah= 1 Veonstant = 03 Rinitial= 7 Pinitial = 4-305
Veonstant 100
Tinal= 298 final end state calculation
Tfinal R Tfinal
Afinab = Sinitial + Cvo'lN| = Sfinal = 0-705 Rfinali= o Pfinal = 2851
initial Veonstant
inbetween states for plotting .......
p - vis a straight line
needing only end if desired for a simulation where interim p v points are
points to plot required, choose one parameter, e.g. T or v and

calculate v or T using pv/T = R for the other

Pinitial Yconstant
pv_plot:=| TT:= Tinitial - Tfinal
Pfinal Vconstant

lot 4,305 0.3 ™ | TT
V_plot = S = | Sinitial + Cyo:IN
pv_p 2851 0.3 Splotf initial * Cvo !N ——
initial
heat transfer constant volume heat transfer constant volume
45 450
4 400
- 3.5
= 350
3
300
2.5
0.2996  0.2998 0.3 0.3002 0.3004
250
v 0.7 0.8 0.9
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