Homework-11, Problem 1, 2, 3, 5, 7 in chapter 8

8.1) HEAT PUMF

(a) If operating reversibly, this is just a Carnot engine
with all flows reversed, hence (7) remains walid. BAs in a
refrigerator, any entropy generated in a heat pump must
leave at the higher temperature Ty Hence, as in (14),

Qhﬁh = 0y 2 o0, = QE.—”YE ‘

where the equals sign holds in the limit of reversible
operation. Solved for Q£:

Qp = TgTp = Tp0p = (Tp/Tp)0, -
Hence the energy required to drive the heat pump is
W=0-9 2 il-TEKIhIQh = NeQy - (51)
The reversible limit of this is equivalent to the claimed
result; for irreversible operation more work is required.
(b)) From (&), with T and Qh replaced by Thh and th:
W = {lqt-ﬁ-fthh}ght‘ "
Inserted into the reversible limit of (51):
ll-tﬂ‘zthhjghh = {l"‘_t.-‘r";h}gh '
Qn'9n = (l-tﬂfth}f{l'Tnghhl
= /TR T W=t ) = nple ety ) /Nl o ty)

For our numerical example, thjgh z 0.18.

{c) See next page.



Input

Fo

— .

Entropy Energy
(Heat)

5
I
—
=
=3
¢

"% itas.

Entropy Energy
{Heat)

#

L

b

Input

B.2) ABSORPTION REFRIGERATOR

(a) See figure above,

which applies to this problem as
well.

(b)

From energy and entropy conservation:
®h T 9hn * 9

Multiply the entropy relation by LY
energy relation:

O = 9/ Th T %t % T/ Thn * /T,

and subtract from the



0 = (1=t /T 10y + (1T /1,00,
Qp/Qpn = (=1 /T )/ (1 /1,-1)
= (/T (T et ) = Nty T el Ty)
A detailed description of the actual operating cycle of

gas-heated absorption refrigerators is given in the Sup-
plementary Material to this Chapter.

8.3) PHOTON CARNOT ENGINE

This problem draws upon (4.2) and (4.23), which we write
in the abbreviated form

u=swi? , o=asviis3 , (4.20,23)

where s = HEXISEECE. We designate by wij and Qij the work
taken up by the system in going from "i" to "j".

{a) According to (4.23), ?13 = constant in an isentropic
process. Point 3 on the Carnot loop is isentropic with
peint 2 (see Figure 4.5), and point 4 is isentropic with
point 1; hence

o
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e = Va'n 3 = Vplny/ty)? (51)

v 3 _ 3

_ 3
4% = Vit g = Vyrlr,/r,) . (52}
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(b) From gQ = tdo, with (4.23):

O = 9 7

2
T, { do = 1,x(0,-0,) = (4s1,%/3)(V,-V,) . (3)

du

Also, from dw dQ, with (4.20):

= - =1 = 4 = -
Wipg = Uy = Uy = Q55 = 817 %(Vy-V) = Q)5

- (s1,%/3)(V,=v)) = - 0, /4

Hence, heat taken up and work done are not equal.



For the isothermal step 3 + 4 at 1 =1, we find similarly
Wo. = =(st.Y/3)(V,-V.) = (st,1,°/3)(V.=V,)
34 2 4 "3 £°h 2 1 f

where we have utilized (S51,2) to replace VB and ?4 by ?2
and vl. The combined work done on the system during the
two isothermal stages is

le + W34 = -[51h3f3}(1h-T£][v2-V1} . (54)

(c) No! We calculate the isentropic work as an energy
difference, using (4.20), (51) and (52):

_ _ - 3_ 4, _ _ 3 _
W23 = U3 U2 EH{VBIE V2Th ) sVzth {Ih TR} P
- U.-u. = 4_., 4, _ 3,
w4l = Ul U4 = sx{vlth V412 } = svlth [th IE}
Won + W, = =8T, 2(1,-1,)(V,=V,) # 0 (s5)
23 41 h h & 2 1 *

(d) Total work done by the system, from (54) and (55):
- - 3
W = -{wlz+w23+w54+waj = {4srh fﬂ}{th-tE}[Vz-?I} .
Divided by % from (53):

n = ”fgh = [th_tﬂ.}fth = rlc *



8.5) THERMAL POLLUTION

Let n be the energy conversion efficiency defined by (11),
not necessarily equal to the Carnot efficiency. From
W= qgh =n = [w+gﬂ} we obtain

W= [n/(1-n)1Q, . (51)
For reversible operation, n = Ne = {Eh-tﬂﬂfth; then

W = [{Th_tﬂlr”r!]Qﬂ - {5‘2}
Numerically, for our example:

500°C: W

(480/293) = 1500 MW

Th 2460 MW

Ty

[}
Il
i

600°C: W (580/298) x 1500 MW = 2970 MW

Because o0f unavoidable irreversibilities, the actual
capacity will be less, not only because for a given amount
of Q, less power will be generated, but Q), must actually
be reduced to keep QE fixed.

8.7) LIGHT BULE IN A REFRIGERATOR

Yes: We have Qﬂ = W. If this is inserted intec (12) one

obtains Th'Tﬂ = Tﬂ or TE = Thfz = 150 K.



