PROBLEM S'S CCon~}d.)

process of the cycle and +he Same amount of energy is removed from the
cold reserveir in the Second process of the cycle, thic resev yvoir ex periences no
wet change in te conds h'en, The powar cycle enclosed withrn 1he combined
system also undergoes a cycle. Accordingly, the combined sysiem undergoes o-
cqcle in whren work Weycle s produced while exchang ing eunergy by
heat transfer with a siwgle reserveir (the hot reservorr). Sech o cycle Vio-
lates the Kelvin- Planck statement of the second law, and +thus is ‘wmpossible,
I+ follows twat one jor bo-lh, of +he processes making up the cycle execvt-
ed by tha enub-‘ndsr.w}tm wusti be i»\Po:n‘ble, However, as thue frrst pro-
cess involving the pewar cycle can eccur, it s +he second precess that
mutt be ‘wpessible: energy Q caunot be transierred frowm the cold to the
hot reservoir without other effecds. By depurtion, then, +he transfer of
energy R by conduchon from +he hot +o+he cold reserverr is irreversi'ble.

PROBLEM 5@

KNoWN: When an intercomneching valve s opened, & gas expands from one half
ef o +ank +o the other half which is initrally evacvated.

FIND: Us-‘n5 +he Kelvia- Planck g+atement of +he second law
o precess (s irreversible.

; Show that such
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ASSUMPTIONS: (1) The syskm Shown in the nceou‘p-ma.‘n_, F-.'surc Ub\dtrgufr o.
Process in wiick *wa gas expands spomtanesurly 4o £11 the endive velume V.
®) 'DurfnJ the precess Q=W=o.(3)Thg inital and £inal stades are gqv.’l.br:um
states. There s no change in kinehe or potential enery between these
states. (4) A durbine and oo thermal reservoi~ are avarlable for use
in dtmonti‘rn‘h’v\j that twe process 'S irceversiole .

ANALYSIS. The objeet in this proof by contradretion is 4o devite a sys-
tem that vndergoes o power cycle while the sysfem communicates thevm-
all with & 13ingle reservoir , thereby v:',(g-h'nj the kelvin- Planc k Sicle-
wment of 4he cecond law,

Before c-ns-‘dar-‘n, Sveh a3y stem, nete that an enersy balance
for the spou"'anlov: process Is

e ,0
Wl'vul- Uinikal = ﬁ‘%

Where atsumphons 2 and 3 have been vied. Accordingly,
Upimale Winiha |

Thet is, the internal euergy of +he sysiem deer met change in the free expansion.



PROBLEM S-b (Contd.)

As shewn in the -Rsure below ) m,d.'{k’ the sys#em 40 include o fuvrbine
and Introduce o thermal reserverr in 1he Surroundings (assvmphion4).
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S'\-Arh'ns with the gas A‘llfns the entive volume V, let the modifred vy St
vndergo o cycle consishng of three precesses.

Process |. Let the reverse of the free ¥ pansion oceur without anu ot her
effects: That i's, +the gas passes spentaneous '|1 froma the roght helf
of +he tank untl it Fils only dhe left half. (This wourd be
pessible only 1f the process described /n assvmpiion | were revers-
1ble. ) ‘

Process 2. Let part of the gas evpand dhrough the tur bine inte the rrght
hatf of the 4anr un+t’l dhe pressure in both halves /s +he same.
Tn evpanding threugh the +vrbine 1he gas does werk so ihat itg
Internal energy is decreased! U < Uinital.

Process 3. Rewmove part of the +ank insulah'on and add energy by heat trans.
fer frowma tne dherwwal regevrvoir vntil the internal energy of the
gas is restured to its inihal value. Thus, a cycle rs
Comple ted.

The net resutb of +his eycle s +o draw energy from a srn91¢ resevve:'r
by heat transfer ond prodvee an equivalent amount of work. Suvch o
eycle violates the Kelvin- Planck statement of the second law, and thus
is impossible . Siuce both the heah'ng o4 the gas by the reservoinr
(process 3) oand 4he development o¢f work an gas parses +hrough the
4urbine ( process2) are posrible, f cam be comeluded that ot is
precess | that & imposrsible. Since process | s the reverse of
the original free expansion it follows +hat the orsigrnal process
is irreversible. ‘



