Chinese Physical Society
IR Acta Physica Sinica

. Institute of Physics, CAS

W MR IR TR R A AT B P Y R RIRTS

REH R

Discussion on the application of entropy generation minimization to the optimizations of heat transfer
and heat-work conversion

Cheng Xue-Tao Liang Xin-Gang

5| H15 )2 Citation: Acta Physica Sinica, 65, 180503 (2016) DOI: 10.7498/aps.65.180503
7E 2% %)% View online:  http://dx.doi.org/10.7498/aps.65.180503
23y 2% View table of contents: http://wulixb.iphy.ac.cn/CN/Y2016/V65/118

EATRERC B B S &
Articles you may be interested in

SIS SO0 B AR B A T ORI R BRI T
Excitation processes in experimental photoionized plasmas
Yy 2422016, 65(11): 110503  http://dx.doi.org/10.7498/aps.65.110503

PR B NBRIAKE iy 13 2 1K 701 80 ) A A
Molecular dynamics simulation of average velocity of lithium iron across the end of carbon nanotube
YE = 4.2014, 63(20): 200508  http://dx.doi.org/10.7498/aps.63.200508

(AR ) AR AE ATl e e A o (0 B T )
Discussion on the application of entransy theory to heat-work conversion processes
PP A%, 2014, 63(19): 190501 http://dx.doi.org/10.7498/aps.63.190501

AT T P rh 28 BRAL L 07 ERT S
Cylindrical thermal concentrator: theory, simulation, and implement
Y22 H%.2014, 63(17): 170507  http://dx.doi.org/10.7498/aps.63.170507

1E STy PRSI AT BRI TF) 8 7 2 Ak e AUAG T 7 e

Progress in the study on finite time thermodynamic optimization for direct and reverse two-heat-reservoir
thermodynamic cycles

YE 24,2013, 62(13): 130501  http://dx.doi.org/10.7498/aps.62.130501


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.65.180503
http://dx.doi.org/10.7498/aps.65.180503
http://wulixb.iphy.ac.cn/CN/Y2016/V65/I18
http://wulixb.iphy.ac.cn/CN/abstract/abstract67342.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract67342.shtml
http://dx.doi.org/10.7498/aps.65.110503
http://wulixb.iphy.ac.cn/CN/abstract/abstract61182.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract61182.shtml
http://dx.doi.org/10.7498/aps.63.200508
http://wulixb.iphy.ac.cn/CN/abstract/abstract61154.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract61154.shtml
http://dx.doi.org/10.7498/aps.63.190501
http://wulixb.iphy.ac.cn/CN/abstract/abstract60715.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract60715.shtml
http://dx.doi.org/10.7498/aps.63.170507
http://wulixb.iphy.ac.cn/CN/abstract/abstract54309.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract54309.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract54309.shtml
http://dx.doi.org/10.7498/aps.62.130501

) I8 ¥ 48  Acta Phys. Sin.

Vol. 65, No. 18 (2016) 180503

fa s MRS AR AT TN AR I AL P Y
Rz RS

25 1

gl

(BHERFTENF R, L5 100084)

(2016 44 A 13 HUEHI; 2016 4F 6 A 21 HIZRI &R )

BER AR AN AT M R G AL BETE, 04 787 B /MO ER B A0 AL 7 ARG R 26 1. 087 B R
i vl HIRE ST RE 0 BB 2%, TR A 7 i N AR (K DE AL 7 170 D s 28 Gt mT T RE B2 RE 0 RO K e B e A1
MITE 2R GEORA B KIS e 7. SR, A2 RN, Bt B AN Rk, IFAERTT st B AR g &
17 fm M BETE 7 ) — B, XA 7 e M I A B S A F AR OGRS AR R gyt Th R 45 m]
57 @SRRI bR, g 1R MO ER IR IS 26 1F. X B Sk AR AN R4S B 2 I, S/ NR

AN X R B L g

- YA PG RR  HAER S AR ACR GEAT LUt Zh R AT R I B RS DN R

T H BRI D e L REHEAT T A, S5 RIAE T BHIS AT TR 4518

KRR B i ME, DA, ARG RE, ATt R

PACS: 05.70.-a, 44.05.4-¢

15 =

X T REGA T 3 R 400 5, AT
MR RS T REIE SRR AR A UL i, A
SR R RS AR AR A 2 AT R LA R
6 R IR P 230 R U sl il B B e e )
H R G0 AR 2 B T DUBG 0 #R 77 406 2R 1) e
Thae 0] FEfiR B R G, S R 28 1R 4R
AV T AT DA 200 98 BT i, DT BRI R S
A R Stk st H 3215 2R 70N 2 A E AL

TEXT AL 3R G B D e e R Gk AT B BT I
S5 77 1M & DR 0T DL R R R G AN BT 3 T A4S 2
T ZBIN A, TR #2372, Onsager
2 (78] @ T T HIE AR FEI R AR B HE S T i
/NEEEFERUR L. Prigogine UV ERF I O R Gk
MR AT NI R AL IR T R ML
MR DA EERe, FRATT AT DA A5 7 1) = 480 2R UE
B 58 A5 B /N P AR AS 2 AHRE B[R, 38 AT DL G H A

* [E K HARIESEG (HHES: 51376101) B EREL.
T 1B E/E#E. E-mail: chengxt02@gmail.com
© 2016 FEYIEF S Chinese Physical Society

DOI: 10.7498/aps.65.180503

S Y BRI R P 3 A5 412 gy 7y Rt ). sk,
Bejan [+1011 G T s FAL A AR oh i Jg e Sk
i, TR B MEERIR ST T IR S LA BTt
LSRR, BEREN ROTRE T KRR AR,
A3 T Vr 2 R 2118

SR, VR W I AR R, R I R G e
Dy e 28 G 1R foe /NG 77 JF AN S R BT R e 1k
B [24019=261 ol d 7 < g e R oh ) B TR,
BT e/ DA B VR IR AN BE AT BN A B B AT
PELEE DO TEH B b, /MO AS RO R T
He A BRI w3 20 SR BT I 1 0 7=
w7 AR RIX—1FR, PR R T 2N EN
J = 700 (R AR BE AR AR D% e 15152 A
ORI RGBS SN H DA SO B A
T 7= (R RIS B12420) R B R B MK
BRI AL IR AT e e R g LA et 5
FEA R E R, F N AR TS SRR

DRI, AT e B AR 7 i /I R (10 38 12

http://wulizb.iphy.ac.cn

180503-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.65.180503
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 65, No. 18 (2016) 180503

BEAT XA AN A8, AR 2 3098 5L 46 A S AL
J7 1A, TR /M 5 R G R REA — B AT
JRBAL AR SCRIET W IX — fOT R 78 A%

2 W E/NCE W B 7T T A AR
1

XA R G BRI e R 48, BAE TRERN
H A & AR R B dh B AR, e #i ok 199
e Bl 22 5 /N U35 | g v i FE A A1 ) P 89 FE A
% O = e/ (O IR BE I e 3 50 B B 2
JBE 5 K 12:20:31:52) sof A A Tl oK 1024 L B T B 4
R d i 500 R R R SR A BTN A i Bd
/MO R LLSEIL_ B P AL B AR, s
Wk DL HAREART LR g 2. XRAA
FEESERR. B, BTN G2 A BRI R 3 227
JERREW K2R 2 RE. 2 His e st
TAERM, W /M5 V2 BT A A 5 2 5
A 122:39:400 i e e A BTt H AR VR 1 LR S B BT T
I B AS TRI A BT T8, AT 17 %A AR (0 40 HE
BRI THE R DRI, AR SR P B A BRARAE
5 HUNEFEA B SR e e .

YEN—MRALEER, B S/ MEBER B RIXHF
ALK R GEA — IR Tr A, DM 1% R S
HAr 3 N EIEE 5 R RE, IR B AR H
br. AEBE, AT L B e MEEAE I P4 7
) A1 HARSEHEAT 0B, AR TR B3P e g 2 40
M H AR B NS 2 18] B 22 53

S TP ¥ R g, A

ds = 0s¢ + 0sg, (1)

St ds AL, bse R, bs, RERIFE.
BRI B, T TP AEIE 3L, % B
HEATBU T 49 2920

€net = €in — €out = W + TOSg’ (2)

Horb epet NN RGF T BRI E, e AR
ST BB, eows NS RN TTHBERE, w
RNRGI AN DI E, T RS2 R (483
HOH R E N R ). R Gouy-Stodola
SER, RGN R R 50 B H, X T s,
X — TR A RIANTT 00V 5] 2 (1) AT FH Re i Ok 28,

€des = T05g. (3)

AL DL 5 B T DL LR R I R G nT FH RE R
AR/, T 0] RS RGBT IR
/N, DRI A AT DA J68 7 3R (1) 2 R AR Tl e 4 ok
£63 AN VL et 5 4 N R A K 7 R Al = I vz N g o
TH KRG Re 140 Kk B B BAR, IMAETS R4
TRA BRI RE

SR, X T V5 2 4% R G 8l 3 I % ¥ R 401
5, LR EESREIA T B bR IEA— 8 Hi%
KIERGMIRE IR, BB RS RS
REJI RN TERAAHIR. Rl e xt T Al L R 4t
&, MEREEE R IFEEN 7 RME D, T2
T IMAREA E A DRI SR AT IR AL TR G B
KVEIIEA E IR PIPERE, X RSB IRA K
(A5 D 8 77 BAN T 38 M A 15 % B e (IR I A K S0,
M 2 S 2 S B S Ak B FR 5 0 7 d /NG B
T A — B AR AR S A

JFE R A — € ERERIA AT OVE I FE Le L
1 B AR, FRATTIE A2 TT DALE SR Se 4 00 N 7E ) BE AN EY 2
RS H S E AR R R R &L (2) AR
— M, BN TR RS D E TR R
B, R T A AR A A 4 1o A o 1 A B 6 B
R SEA L H FVE M H bR, Cheng Al Liang 2 45
AN — IR AL AR T e e RS 0T, 5 T8
SRR AR R,

Sg = Q (Fout - En) = QAFa (4)
Sg = Qin (Fout - En) — wFout
= QinAF - U)Fout, (5)

Hrh, Q NERA G RGER, Fou M Fy 209902
P BITAIEEN RGN B2 ) Bl g,
REHEN IR G AR, HRIEX 5N

Q= Qun = /A A+ /V QvdV.,  (6)

/ G ga + [ Lav
Ain

T v T
En = - y 7
Qin ( )
/ ,%OUt dAout
Fout = Aow — O ’ (8)
/ GJout dflout
Aout

Ht, TRAXZ, gin, qous 77 AN EIF R
GUI R L, A A Agut, Tin A Toug 23590 72 2R
BENFE TF 2R GE piowt 234 5 A RR FE, Qv 72
RN, VR AR, X TG FE, 4w
AWAK AL NN = ZANV T S0 VAR o S ANV i3~ K L BL U

180503-2


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 65, No. 18 (2016) 180503

2, RIRRRROR Bt 40 8 B AR 1 AT, B/
1057 Z00F BT AN ZE L R T AT B
T2, 458 HEN R G AR A AR B R
JIIF BN FO BT R G K Th AR R
H, XTI SRR, ATRLER, (5) 5 (2) 22
FEARTEAN I FELS 1€ FE N 2R G2 1) B 28 R0 A g
FURI# T 22 JmE, SEBR BSE T 4558 TN RS
FATHARR . (2) R, RS BN RS T
AT REV RIS, 5 /N 7 280 B T 28 458 i K 2
2 [25,26]

A, BRAE AT AT L 2 = 5 A0 H Rz
[F1) FA) A B R B2 R IR, R 7 e /I A B ) P
AFETC AR, T SR 5% B 1T 52 2% A AN 51T 21
B, BN PR WA —E 5 R ALK R G RE AR
Jo7 042,461 TR FRATT S BT K — 2 HAR [ 44 il
AT AR AL REREAT 73 A i

3 M mACEREE R T W
& P AT

Xt DU B JAR D8 B AL G AR, 4
ERTIR, BRATTIE R SR 2 AR Ok R AR R
Z25E, HINIEA—E REAT A ek . RGATT
WESE. XM ZE R AR R MEBIR I A — e &
MFOACAL TGRS, i, BATTLAfa] B i) — 4 A 2
) T A8 JBE AT e A 5% P B S 118 9 DR
BEAT UL

3.1 —YfEojin

AT B8 — N 17 5 () I PRI I — 4 A% 4R
R B2 RS0 & EL TR Ty ARG G5
LTy 45 €, 456 (7) 20 (8) A mT A1, LI KR
MERIBF RS F s Er. X T %R,
PA(4) ZATEN, 68 77 26 B A B 2 R 1G DRSO,
FARATHI B T H 5 72 1Y R #h B A 346 ok 2 1 A 72 4
RS, R 2 WL, 08P B /MU BRI AR B T AL A U
EBATHBE T H bR 7S 18 1 5.

TEIXAN—4E @ iR R G m i i —A
R, FRIEZE Q 48, IMEHRGERS &, Tl
HAMBAA GG, DL 2 A B 1) 35 B
o€ FRATTAE PR A AT e B A IR 8GR FE 4 0
Trg T (Try > Tio), HIRIRTE AN IR H X
IREEHCR I T A S B R SR T ST S, PR

i EE ARG, A PR O TRLEE BRI, FRATTHE i A A
A BAEUR LN Tro HIPA ST AT & it 2R, AR,
TSI AT, R A A ARAT AR IR N Ty B34
B RGO AR TN S o MEE ST B el
77 5 AT RAL B AR SRR AR (K. AR 17
FE 53 BT AR PIAS i ) 4 A 1) R B
TSR ZE 8. FE i R B, R AR R Gk R
25 5€, EPA AR THR AN 204 R BR
il S5 A D T AR R IX SR AR > s AL, e
PR R G REERAR. SRR e ME B AT
DU, vt T BRE A R T e, 2 AR
B i S RS, (HE N RGP IR
5 fey SR T S 1 5/ A B i 3 ) AT
PRI, DU A H 1 BRI R A 3 A B e, B 2 A
U R Y T ARG, T R GV iR
FEAR. S A AT — 2 el /U 2 A T L, PR
et E 1 T 28 0 X Ul /b A 7 A BRI T P i A 4
FAAH I, EARE T RBRRRE, SR
PRERANEL EE, R IR D) TR A
I R o, 05 e NME LR AT R BLAS S AL H R A
_ﬁ [19,47]-

3.2 “RErTiER” @A

XTI BB AR T 5, SR AR IS R
FEATBT BRI T2 H AR —. FERL TR FHE
0 s AR AN T T AP T 22 )T AT 200 O e A R HEAT
S BT, Bejan 1B, 24 He 25 AR BUELTE [0,
0.5] Z [ I, HeihasA R I AN BB = Bty h
BN, BN 15 R R e B N B 0 B, A
RGN 0. 48 77 e /IME BRI IR R B AL Y
BRI RE. X2 T IE I R R

X FIX— 1518, Bejan 48] fiReiE: «. ... .. the
vanishing Ny (J#ir=4L) seen in the limit ¢ — 0 is a
sign that the heat exchanger disappears as an engi-
neering component - - - - - the ¢ — 0 is the ‘absent’
heat exchanger limit (- - - - TEe — O HIARIR A, J65
FAEE ] 0 2 A — A TR R R HIAR &
------ e — 072 AAFAE PR AERIRIR). 7~ flidt BL
LB BEAT DL, A0 SRR AR I S M YN
NRGTIATHEE, AR LI Hr et ds, T8
LA 5 18] Bejan 451 A 258
SRR T IXAMFL.

TR, MR A ST E, MR ERE R R 2
“e — 07 I MR S ), JF R IR AR

180503-3


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 65, No. 18 (2016) 180503

RICRE I8 7= B0 7 5 /N T IR/ I — AR A A 34
BT H X AR S AT R 1 PR
RN N UL e 3 TV e S SN b TN
FRE LR R RS BER 70 0N Thcin, Theoue M
Ch, RHRFAR AN 72 N Teoin, Te-ous A1 Ce. Heth
FRAT R R 7 e (T B 43 i oy (82,4950
_ 1—exp[-NTU (14 C")]

3 1+C* ) (9)
min (Cy, C¢)
=CyIn |1 — ———"—— (Tin-n — Tinc
s5¢ = CpIn [ CnTos (Tin-n )e
min (Cy, C.)
+ C:1n [1 + W (Tm-h Tm—c) 5] )

(10)

HH, min (O, Co) RARRFRMER H/NE, NTU
R AIRAE IR TTHL, O

min (CY,, C¢
rnam((C'h,C’c))7 (11)
Horh, max (Cy, Co) RARMAB B FE M KE. W
Ch=C.=1W/K, Th.in = 500 K, T, = 300 K,
THE A5 B 2 P B 7= 28 G AU B N'T'U (1) 32
FAE L. AT L, BEE NTU RI30, 557 2 8%
By . FRAMER G 0 NTU A B 7E #2438
WA DAL E, g55 .1 AT, B NTU
ANG0 T 45 PR TR A Tl 8 Mg 7 s s i, Y
SR 73 NTU T 5 K87 A& AGE &R
AT AS A RGN, [R5 R T8 i =26, X
H R I 2 {0 45 3 e s T S e A B8 B K I A% 4
BT 2 S 1 - W SO - S W TN DS 7 N B UL I
JIGE 38 Fhte A 2 PR O 9 A 1 A R RSB B SR
TP AR 2 [ AL . BEE AL VE 3 n, 7=
HARZHGIN. AR, IX M 58 X 5 U e FA
WAEAE, HRRS 7= B MEUER VS ME DU RE 1. 78 filn
ST REPE I e, Bejan 48 ©4AH]: “The

effectiveness () is not a relevant measure of the

C* =

thermodynamic performance of a heat exchanger
(B REA R B AR T 2 M RE I S BT B2 ) ™.
R Bejan FITiE 1 “thermodynamic performance (#4
JIEVERR)” AT e R T A% PR e AT A R
RAE, ST RAED, B KN FFA S e thds 1%
P RESCHK.

TN, TR NN R AT E R IX
—fRRE, BRI, X R RGP REE AN
SRR G TERE. DA Bejan Fr28 #H M1,
For B 35 B B S AN IR e 2048, T 2 Ak

oy, WHRH B AR Bk A AR . T H., B4 Bejan
T, R s M A N B R G 3T 5,
RHERT A ERTR, R B MEER IR
ARG, BT X E T A4y T i ]
A, FAPRRAE S — AT EAT I 8.

ChTh—in Th—out

I N N i ey i) e e
Fig. 1. A parallel flow heat exchanger in which the
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Fig. 2. Variations of entropy generation rate and effec-
tiveness with NTU in the parallel flow heat exchanger
in which the irreversibility from the pressure drop can

be ignored.
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Abstract

The entropy generation minimization is widely used to deal with optimization problems of heat transfer and
heat-work conversion. However, it is found that the minimization of entropy generation does not always lead to the
optimization of the design objectives in engineering. So, it is necessary to discuss the optimization direction and
application preconditions of the entropy generation minimization. In this paper, we study this topic both theoretically
and numerically.

Our analyses show that the concept of entropy generation directly measures the exergy loss or the ability loss of
doing work, so the optimization objective of the entropy generation minimization is to minimize the exergy loss and
maximize the ability to do work for the optimized system. However, we have different design objectives in engineering,
such as the maximum heat transfer rate, the maximum heat exchanger effectiveness, the minimum average temperature
of the heated domain, the maximum output power, the maximum coefficient of performance of heat pump systems, the
homogenization of temperature field, etc. Not all of these objectives are consistent with the optimization direction of
the entropy generation minimization. Therefore, it is reasonable that the entropy generation minimization is not always
applicable. Furthermore, when the relationship between entropy generation and design objective can be set up, the
application preconditions of the entropy generation minimization are also discussed. When the preconditions are not
satisfied, the entropy generation minimization does not always lead to the best system performance, either.

Some examples are also presented to verify the theoretical analyses above. For heat transfer, a one-dimensional heat
transfer problem and the “entropy generation paradox” in heat exchanger are analyzed. For the one-dimensional heat
transfer problem, the entropy generation minimization leads to the minimum heat transfer rate when the temperature
difference between the boundaries is fixed. Therefore, if our design objective is the maximum heat transfer rate, the
entropy generation minimization is not applicable. When the heat transfer rate is fixed, smaller entropy generation rate
leads to higher boundary temperature. Therefore, if our design objective is to reduce the boundary temperature, the
entropy generation minimization is not applicable, either. For the “entropy generation paradox”, it is shown that the
concept of entropy generation cannot describe the heat transfer performance of heat exchangers. Therefore, the paradox
still exists and has not been removed to date. This is verified by the theoretical analyses and the numerical simulation
for a parallel flow heat exchanger in which the irreversibility from the pressure drop can be ignored. For heat-work
conversion, the energy flow and the exergy flow are analyzed. According to the analyses, we discuss the applicability
of the entropy generation minimization to the heat-work conversion system in which the output power, the heat-work
conversion efficiency and the thermo-economic performance are taken as the optimization objectives. It is also shown
that the application of the entropy generation minimization is conditional. In a word, the discussion on the examples

verifies the theoretical analyses.
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