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CHAPTER 2 Heat, Work, Internal Energy, Enthalpy, and the First Law of Thermodynamics

Segment 3 — 1

For this segment, AU;_,; = 0 and AH3—; = 0 as noted earlier and
W3] = —(¢3—]. Because this is a reversible isothermal compression,

1%
W3—; = —nRT 1n71 — —2.50mol X 8.314Jmol 'K™! X 79.9K
3

1.00 X 107°m’
n 3 3
25.0 X 10°m
=535Kk]
The results for the individual segments and for the cycle in the indicated direction

are given in the following table. If the cycle is traversed in the reverse fashion, the
magnitudes of all quantities in the table remain the same, but all signs change.

Path q kJ) w (kJ) AU (kJ) AH (K))

1—32 1394  —39.8 99.6 139.4
23 —-99.6 0 —99.6 —139.4
3—1 —5.35 5.35 0 0
Cycle 345  —345 0 0

EXAMPLE PROBLEM 2.6

In this example, 2.50 mol of an ideal gas with Cy , = 12.47 Jmol ' K1 is ex-
panded adiabatically against a constant external pressure of 1.00 bar. The initial
temperature and pressure of the gas are 325 K and 2.50 bar, respectively. The
final pressure is 1.25 bar. Calculate the final temperature, g, W, AU, and AH.

Solution

Because the process is adiabatic, g = 0, and AU = w. Therefore,
AU = ncv, m(Tf - Tl) = _Pexremal(vf - vl)

Using the ideal gas law,

Ty T
nCv.m(Tf - Tl) = —ﬁnRPexrernal<E - Fll)
1R Posyornai NRP,iormal
Tf<ncv. m T —%;M> = T,-(ncv, m T /e}’;’tu>
RPexternal
T B T v, m Pl
- I RP, external
Cv, m —F. |
~1 1
: X 1.
12.47 Tmol 1K + 2 31““10; Slgb 1.00 bar
. r
= 325K X =314 1‘1K*? o0t = 268K |
12.47 Jmol 'K~ + = J mo X 1.00 bar
1.25 bar |

We calculate AU = w from
AU = nCy n(Tf — T;) = 2.5mol X 12.47 Tmol "K' X (268 K — 325K) g
= —1.78kJ
Because the temperature falls in the expansion, the internal energy decreases:
AH = AU + A(PV) = AU + nR(T, — T)
~1.78 X 10°7 + 2.5mol X 8314 Jmol 'K
X (268 K — 325K) = —2.96kJ
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2.10»

The adiabatic expansion and compression of gases is an important meteorological
process. For example, the cooling of a cloud as it moves upward in the atmosphere can
be modeled as an adiabatic process because the heat transfer between the cloud and the
rest of the atmosphere is slow on the timescale of its upward motion.

Consider the adiabatic expansion of an ideal gas. Because ¢ = 0, the first law takes
the form

AU =w or CydT = —Pogerna AV (2.39)
For a reversible adiabatic process, P = Psierngls 8110
dv dar dav
CydT = —nRT—V— or, equivalently, CV—T— = —nR—V— (2.40)

Integrating both sides of this equation between the initial and final states,

i v,

dar av

— = -nR | — 2.41
/Cv T n v (2.41)
T; Vi

If Cy is constant over the temperature interval Ty — T, then

s 1Vf (2.42)
CyIn— = —nRln— 1
v T Ty,

Because Cp — Cy = nR for an ideal gas, Equation (2.42) can be written in the form

i i enty, 2= ()7 @)
— ==y —-1) In| =~ r, equivalently, — = | 7~ 5
In T (y—=1)In v or, eq y T V.

where y = Cp, n/Cy, m- Substituting Ty/T; = PsV¢/BV; in the previous equation, we
obtain

PV] = PV} (2.44)

for the adiabatic reversible expansion or compression of an ideal gas. Note that our der-
ivation is only applicable to a reversible process, because we have assumed that
£ = Pexternal'

Reversible adiabatic compression of a gas leads to heating, and reversible adiabatic
expansion leads to cooling. Adiabatic and isothermal expansion and compression are
compared in Figure 2.13 in which two systems containing 1 mol of an ideal gas have the
same volume at P = 1 atm. One system undergoes adiabatic compression or expansion,
and the other undergoes isothermal compression or expansion. Under isothermal condi-
tions, heat flows out of the system as it is compressed to P > 1 atm, and heat flows into
the system as it is expanded to P < 1 atm to keep T constant. Because no heat flows
into or out of the system under adiabatic conditions, its temperature increases in com-
pression and decreases in expansion. Because T > Tisothermal for a compression starting
at 1 atm, P,y;.p0iic > Pisothermal fOI @ given volume of the gas. Similarly, in a reversible

adiabatic expansion originating at 1 atm, Pagiapatic < Fisothermal for a given volume of
the gas.

EXAMPLE PROBLEM 2.7

A cloud mass moving across the ocean at an altitude of 2000. m encounters a |
cqastal mountain range. As it rises to a height of 3500. m to pass over the moun- |
tains, it undergoes an adiabatic expansion. The pressure at 2000. and 3500. mis
0.802 and 0.602 atm, respectively. If the initial temperature of the cloud massis
288 K, what is the cloud temperature as it passes over the mountains? Assume %
that Cp ,, for air is 28.86 J K~ ' mol ™! and that air obeys the ideal gas law. If

You are on the mountain, should you expect rain or snow?
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2.6 Reversible adiabatic heating and
cooling
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Two systems containing 1 mol of Ny have
the same P and V values at 1 atm. The red
curve corresponds to reversible expansion
and compression about P = 1 atm under
adiabatic conditions. The yellow curve
corresponds to reversible expansion and
compression about P = 1 atm under
isothermal conditions.




