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Air 0.2870
Helium 2.0769
Argon 0.2081
Nitrogen 0.2968
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TABLE A.5
Properties of Various Ideal Gases at 25 C, 100 kPa  (SI Units)

Chemical  Molecular R P Cn Cw c
Gas Formula ~ Mass (kg/kmol)  (/kg-K)  (kg/m’) (JAgK) (JkgK) k=F
Steam H;0 18.015 0.4615 0.0231 1.872 1.410 1.327
Acetylene CzH; 26.038 0.3193 1.05 1.699 1.380 1.231
Air — 28.97 0.287 1.169 1.004 0.717 1.400
Ammonia NH3 17.031 0.4882 0.694 2.130 1.642 1.297
Argon Ar 39.948 0.2081 1.613 0.520 0.312 1.667
Butane C4Hy 58.124 0.1430 2.407 1.716 1.573 1.091
Carbon dioxide CO; 44.01 0.1889 1.775 0.842 0.653 1.289
Carbon monoxide  CO 28.01 0.2968 1.13 1.041 0.744 1.399
Ethane C;Hs 30.07 0.2765 1.222 1.766 1.490 1.186
Ethanol C,H;0H 46.069 0.1805 1.883 1.427 1.246 1.145
Ethylene C;H, 28.054 0.2964 1.138 1.548 1.252 1.237
Helium He 4.003 2.0771 0.1615 5.193 3.116 1.667
Hydrogen H, 2.016 4.1243 0.0813 14.209 10.085 1.409
Methane CH, 16.043 0.5183 0.648 2.254 1.736 1.299
Methanol CH;0H 32.042 0.2595 1.31 1.405 1.146 1.227
Neon Ne 20.183 0.4120 0.814 1.03 0.618 1.667
Nitric oxide NO 30.006 0.2771 1.21 0.993 0.716 1.387
Nitrogen N; 28.013 0.2968 1.13 1.042 0.745 1.400
Nitrous oxide N;0 44.013 0.1889 1775 0.879 0.690 1.274
n-Octane CsHis 114.23 0.07279 0.092 1711 1.638 1.044
Oxygen 0, 31.999 0.2598 1.292 0.922 0.662 1.393
Propane CsHs 44.094 0.1886 1.808 1.679 1.490 1.126
R-12 CCl;F, 120.914 0.06876 4.98 0.616 0.547 1.126
R-22 CHCIF; 86.469 0.09616 3.54 0.658 0.562 L171
R-32 CFzH; 52.024 0.1598 2.125 0.822 0.662 1.242
R-125 CHF,CF;  120.022 0.06927 4918 0.791 0.722 1.097
R-134a CF;CH,F  102.03 0.08149 4.20 0.852 0.771 1.106
Sulfur dioxide SO, 64.059 0.1298 2618 0.624 0.494 1.263
Sulfur trioxide SO, 80.053 0.10386 3.272 0.635 0.531 1.196

“Or saturation pressure if it is less than 100 kPa.
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EXAMPLE 3.8 What is the mass of air contained in a room 6 m x 10 m x 4 m if the pressure is 100 kPa
and the temperature is 25°C?

Solution
Assume air to be an ideal gas. By using Eq. 3.5 and the value of R from Table A.5, we
have

PV 100kN/m? x 240 m®
RT ~ 0.287kNm/kgK x 298.2K

— 280.5 kg

m =
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Solution

The gas constant is determined first:

R 8.3145kN m/kmol K

M 24 kg /kmol
0.346 44 kN m/kg K

R

We now solve for 2
mRT  10kg x 0.346 44 kN m/kg K x 298.2 K
Vil 0.5m3

= 2066 kPa

P=
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Solution:
Propane 1s an ideal gas with R = 0.1886 kJ/kgK from Tbl. A.5

P,«N,\ B 100 X 1

MA="RT, ~0.1886 x 300 1 /074ke
o PBVB - 250 x 0.5 -
MB="RTs  0.1886 x 400 0204 ke

Vo=V, +Vg=15m’

m» = my + mpg = 3.4243 kg

moRT> 34243 x 0.1886 x 325
vV, 1.5

P, = = 139.9 kPa
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376 A rigid tank whose volume is unknown is divided
into two parts by a partition. One side of the tank contains
an ideal gas at 927°C. The other side is evacuated and has
a volume twice the size of the part containing the gas. The

partition is now removed and the gas expands to fill the entire
tank. Heat is now applied to the gas until the pressure equals

the initial pressure. Determine the final temperature of the
fas.  Answer: 3327°C

Ewvacuated

FIGURE P3-76



Assumptions The gas 1s specified as an 1deal gas so that 1deal gas relation can be used.

Analysis According to the ideal gas equation of state,

B=h

Vy =V +20; =314

Applying these,
my =my
BV, BV,
L, T
Vi _ %
LT

V4

T1=T1—'=T1?

Y

3,

1

Ideal gas
927°C

Evacuated

24U
o

= 3T, =3[927+273)K]|=3600K = 3327°C
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3-77 Argon in the amount of 1.5 kg fills a 0.04-m’ piston-
cylinder device at 550 kPa. The piston 1S now moved by
changing the weights until the volume 1s twice its original
size. During this process, argon’s temperature 1S maintained
constant. Determine the final pressure in the device.



Assumptions At specified conditions, argon behaves as an 1deal gas.

Properties The gas constant of argon 1s R = 0.2081 kl/kg K (Table A-1).

Analysis Smee the temperature remains constant, the ideal gas equation gives

RV, PRV,
— 171 — 273 }HH =P‘}V':|
RT RT -

m

which when solved for final pressure becomes

P, =P i=ﬁl i:ﬂ_ﬁr—i =0.5(550kPa)=275kPa
W 2V,
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EXAMPLE 4.1  Consider as a system the gas in the cylinder shown in Fig. 4.7; the cylinder is fitted with
a piston on which a number of small weights are placed. The initial pressure is 200 kPa,
and the initial volume of the gas is 0.04 m®.

a. Let a Bunsen burner be placed under the cylinder, and let the volume of the gas increase
= to 0.1 m* while the pressure remains constant. Calculate the work done by the system
|||_| ’[ during this process.
2
Gas 1 Wz = f Pdv
1
Since the pressure is constant, we conclude from Eq. 4.4 that

FIGURE 4.7 .
Sketch for N . -
Example 4.1. Wz = P[, dv =PV, - W)

1 W, = 200 kPa x (0.1 — 0.04)m* = 12.0k]



b. Consider the same system and initial conditions, but at the same time that the Bunsen
burner is under the cylinder and the piston is rising, remove weights from the piston at
such a rate that, during the process, the temperature of the gas remains constant.

[f we assume that the ideal-gas model is valid, then, from Eq. 3.5,

PV =mRT

We note that this is a polytropic process with exponent 7 = 1. From our analysis, we
conclude that the work is given by Eq. 4.4 and that the integral in this equation is given
by Eq. 4.6. Therefore,

Va

1

0.10
—= 200 kPa x 0.04 m® x In 001 = 7.33kJ

2
1W2:f PdV=PFNIn
1



c. Consider the same system, but during the heat transfer remove the weights at such
a rate that the expression PV = constant describes the relation between pressure
and volume during the process. Again, the final volume is 0.1 m°. Calculate the
work.

This is a polytropic process in which n=1.3. Analyzing the process, we conclude
again that the work is given by Eq. 4.4 and that the integral is given by Eq. 4.5. Therefore,

0.04\ !
2
PV— PV 60.77 x 0.1 — 200 x 0.04 ]
Wy = | PdV = _ kPa m
L fl 1—13 1—13

= 6.41 kJ



d. Consider the system and the initial state given in the first three examples, but let the
piston be held by a pin so that the volume remains constant. In addition, let heat
be transferred from the system until the pressure drops to 100 kPa. Calculate the

work.
Since 6 W = P dV for a quasi-equilibrium process, the work is zero, because there

is no change in volume.



FIGURE 4.8 P-v
diagram showing work
done in the various

processes of Example
4.1.

The process for each of the four examples is shown on the P- 1/ diagram of Fig. 4.8.
Process 1-2a is a constant-pressure process, and area 1-2a-f-e-1 represents the work.
Similarly, line 1-25 represents the process in which PV = constant, line 1-2 ¢ the process
in which P'® = constant, and line 1-2d the constant-volume process. The student should
compare the relative areas under each curve with the numerical results obtained for the

amounts of work done.




