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4} (35 pts.) One mole of water is cooled from 77=25 °C to 7-=0 “C and frozen in a
refrigerator. You can treat the heat being taken out of the water as the low-temperature
heat input for the refrigerator. The refrigerator operates at maximum theoretical
efficiency (no entropy created) and exhausts heat into a second mole of water at (again)
T/=25"C. heating it to T:=100 "C and converting a fraction (2’ mole) into vapor,

Note: For parts «) through o). express your answer for each part in terms of any or all of
the quantities given in the problem. 7. 75, T; and #', and relevant physical constants,
You can use m as the mass of onc mole of water,  Also remember that there are two
thermodynamic processes for each of these parts: the cooling and the freezing, or. the
warming and the vaporization.

a) I'ind the total amount of heat, Wi, that flows out of (he first mole of watcr.

‘Assnme auug wdler seh -SUICK'

'zs‘c 0% = mc (K-T.')

Answer:

f’”cﬁi‘ﬂ) - mlyg|




) Find the total amount of entropy, IAS,1. that flows out of the first mole of waler.

AS, = f-—;’-— dR
t

JS‘ ")U.C K.C.

= f—.{:mcd?’

e £ Nanerically coavert Lo Kofv,n [

= mc /’l(-%) T= 273 ¢ 7;3

Answer:

]mck(%)—m%f




¢) Find the total amount of heat, 1051 that {Tows into the second mole of water,

Qz = WLC(E"E)

258> itPoc

QZ V‘F"’"?& = ‘m LV

Answer:

[me(B-%)+n'm L, |




«) Find the total amount of entropy. 1AS31, that flows into the second mole of water.

Answer:
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¢) What is AS+ AS,? Note that there are no absolute value signs around the entropy
changes here. (Hint: Can this process be reversed?)

mch (—%‘ - m-é_rt + md,,(—%-/ + n’miv
- z

B
: MC /n(_"%?; _-m(%_l_%g}

Answer:
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Formulaic Answer:

Mc/,{ ) Wl

T’O

V‘

El-cn (3]

T;: A9k T;.t 23K -5 » 3IAK

iy
L, 3.33x10

,,‘: “L,= R.6x10° >

“3

Cx Y19x10° gx

Numerical Answer:

n’ = 0. /07




/Y How much work. IW1, must be done by the refrigerator?
/ ,_l =lyf+ 1 Qe |
lwi = [P C(T L) +2°mlv] ~e(L-T)-mig |

= !74’2 OCF‘"T«{) +5'm L “'Wm-n) - ,”éfl

Formulaic Answer:

,7'!(6[73 “L)tnmle ‘”(W‘U‘“lb; _,5

Numerical Answer:

v>2116 T




