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This paper presents the optimization of an air conditioning system, in which the heat from the hot stream
is transported to do work first, and then the work is used to pump heat from the environment into the
room. It is shown that the system can deliver more heat into the room than the direct heating by the
hot stream. A functional is set up to optimize the distribution of the total thermal conductance for the
system, and the numerical results show that the functional is effective. The system is also discussed with
the concepts of entropy and entransy. It is found that the minimum values of the entropy generation
rate, entropy generation number, revised entropy generation number, entransy loss and entransy loss
coefficient all correspond to the maximum heat flow rate into the room with prescribed heat flow rate
from the hot stream, but the values of the parameters all increase with increasing heat flow rate from
the hot stream and that into the room.

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

Thermal problems in buildings attract the attention of
researchers [1-5] because of the building energy conservation
and the reduction in the cost. Researchers have done much work
on the analyses and optimizations of air conditioning systems
in recent years [2,3,6-8] due to their wide application in build-
ings. For different optimization objectives, different methods have
been used [6-8]. For instance, Yao and Chen [6] used the method
of decomposition—coordination to solve their global optimization
model for the overall control of air-conditioning system, aiming
at the minimum energy consumption. Parameshwaran et al. [8]
investigated the genetic fuzzy optimization method to analyze the
combined effect of the energy conservative variable refrigerant vol-
ume system and the variable air volume system.

In any air conditioning system, there are many irreversible
thermodynamic processes. The entropy generation minimization
method [9-13] is often applied. However, there are different view-
points for the applicability of the entropy generation minimization
to thermal systems. For heat exchangers, it was found that the
entropy generation minimization does not always lead to the best
performance [12,14-16]. For the refrigeration system, minimizing
the entropy generation rate does not always result in the same
design as maximizing the system performance unless the refrig-
eration capacity is fixed [17].
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In the last decade, the entransy theory was developed for
heat transfer optimization [18]. Based on the new concept, the
entransy decrease principle [18], the extremum entransy dissipa-
tion principle [19] and the minimum entransy-dissipation-based
thermal resistance principle [18] were developed and applied to
the analyses and optimizations of many heat transfer processes
[14-16,18-24], including the district heating networks in build-
ings [25]. Furthermore, the entransy theory has been extended to
the analyses and optimizations of heat-work conversion systems
[26-30]. Chenget al. [26-30] proposed the concept of entransy loss
and found that the increase in entransy loss rate is in accordance
to the increase in output power for the discussed cases. However,
there are not many researches on the applicability of the entransy
theory to the air conditioning systems.

This paper mainly focuses on the thermodynamic performance
of the air conditioning system. An air conditioning system for room
heating is discussed. The heat from the hot stream is not used to
warm the room directly, but is transferred to do work first and then
the work is used to pump heat into the room from the environment.
Considering that the investigations about the applicability of the
concepts of entropy and entransy are necessary, we also analyze
the system with the two concepts.

2. Theoretical analyses

The sketch of the discussed air conditioning system for room
heating and the thermodynamic processes in the system are shown
in Figs. 1 and 2, respectively. The prescribed heat flow rate into the
system, Qy, is supplied by the hot stream with a prescribed heat
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Fig. 1. A sketch of an air conditioning system for heating room.
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Fig. 2. T-S diagram of the air conditioning system for room heating.

capacity flow rate, C, and inlet and outlet temperatures T_;, and
Ts-out, respectively. The heat flow rate Qy is not directly delivered
into the room, but is transferred to the working fluid of a Carnot
cycle at temperature Ty, through a heat exchanger with a thermal
conductance Uy for doing work. The working fluid releases heat
flow rate Q1 at temperature Tj; to the environment at temper-
ature Ty through a heat exchanger with a heat conductance Uy;,
and power P is output from the first Carnot cycle. Then, P drives a
reverse Carnot cycle to pump heat Q;; from the environment into
the room at temperature Tz through a heat exchanger with ther-
mal conductance Up,. The lower and higher temperatures of the
reversed Carnot cycle are Ty, Ty, respectively. The reversed cycle
releases a heat Qg into the room from the working fluid at temper-
ature Tyy through a heat exchanger with a thermal conductance
Ug.

Considering the limited cost, we can assume that the total ther-
mal conductance of the heat exchangers is a constant,

U = Uy + U1 + Ug + Upp = const, @)

where U is the total thermal conductance. The distribution of the
thermal conductance should be optimized to increase the heat flow
rate into the room as more as possible. To solve this optimization
problem, let us analyze the system below.

For the system, the first law of thermodynamics gives

Qr=0QH+ Q2 —Qu1 =Qu+(Q2 — Qu1) =Qu +Qy, (2)

where Q; is the net heat flow rate from the environment. It can
be seen that Qg is larger than Qg when Q is positive, and we may
deliver more heat into the room by using the system in Figs. 1 and 2
than by putting Qg into the room directly.

The heat transfer rate between the hot stream and the working
fluid of the Carnot cycle is [26]

Qu = C(Tyin —Tin) [1 - exp (=) 3)

The heat transfer rate between the environment and the working
fluid of the Carnot cycle is

Qu1 = Un1(Tw1 — To). (4)

The Carnot theorem gives

Qu T

> L 5

Qu T )

The energy conservation leads to

Qu=0Qu +P. (6)
From Eq. (3), we can get

Tw1 = Tsin — i (7)

C [1 - exp(—UH/C)] '
Substituting Eq. (7) into Eq. (5) yields
Qu _ Qu Qu
Tiu=Tm7~ =759 Tsin— : 8
T T e { c[1_exp(—uH/C)}} ®
Substituting Eq. (8) into Eq. (4) leads to
_ To
~1/Ut1 + [Tsin — (Qu/C)/(1 — exp(~Un/C))] /Qu

Considering Eq. (6), the output power of the first cycle can be
expressed by

P = Qu—Qu =Qu

Qu (9)

To

- . (10)
—1/Uu1 + [Tsin — (Qu/C)/(1 — exp(=Un/C))] /Qu

For the reversed Carnot cycle, the heat transfer rates between
the working fluid and the room and that between the working fluid
and the environment are

Qr = Ur(TH2 — Tr), (11)
Q2 = Uia(To — Ti2). (12)
According to the Carnot theorem and energy conservation,
Qu _To
x2 L2 13
QR Tw2 (13)
Qr=0Q +P. (14)
Combining Eqs. (12) and (13) leads to
To
= 15
Az (1/Ur2 + T2/ Qr) (13)
Substituting Eq. (15) into Eq. (14) gives
To 1
Tyy = [7 - —} . 16
2 = Qr & -P) Un (16)
Then from Eq. (11), there is
Qr [ To 1 }
R |2 - — | - Tk 17
U~ ®l@-p Ol (a7
Considering Eq. (10), we have
To

Q= Q= {To/ [(=1/Uin) + [Tom = (Qu/C)/(1 — exp(~Unn/CN1/Qu ] }

LT kg (18)
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