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New criteria for assessing heat exchanger performance-factor
of equipartition of entransy dissipation

GUO Chun-sheng CHENG Lin DU Wen+ing

( Institute of Thermal Science and Technology Shandong University 250061 Jinan China csguo83@ gmail. com)

Abstract: The factor of equipartition of entransy dissipation was defined at first and then applying three-di—
mensional CFD software-ANSYS CFX the double chevron-type plate heat exchangers ( DCPHE) were simula—
ted and the entransy loss rate the exergy loss rate and the equipartition of entransy dissipation ( EoED) of
the working fluid in DCPHE with five corrugation angles were investigated. Results from numerical simulations
showed that the exergy loss rate of the working fluid in DCPHE with 8 = 30° were lower than those under same
mass flow conditions; the entransy loss rate of the working fluid in DCPHE with 8 = 30° were lower than those
under same amount of heat conditions; the factor of EoED of the working fluid in DCPHE with 8 = 30° were
more than those under same number of transfer units ( NTU) and effectiveness conditions.

Key words: heat exchangers; exergy loss rate; entransy loss rate

; Bejan 273
1 4
3 6 -7
E, = 0,172 “ g
: 2011 -01 -08.
: (973- $
2007 CB206900) ;
(51106090) .
(1983—) . . Bal-

(1962—) : kan ° ( EoTD)



145+

( EoED) .
6-7 b,
b, =G VT ==kl VTI%
sk VT
1
dz
| S —_—
i H
2 i L A
E *}WJIL%{M ] ik
L :
! |
K / —— &bt
! 1
L ( WRE
' T T Ak
x l AR
T
1
~N z x
V4
e (yz2) =0
q(y 2) x
gy z) =kVT
k X
VT
X=-VT=R(y2)q(y 2. (1)
X R(y 2)
Q=fq'(y2)dA:kaTdA. (2)
A A

E, = qubhddi = LkVT’sz. (3)

(3)

H =E, +AQ =kaT2dA+)\kaTdA.
A A
A

5 5
54(y 2) 84y 2)

HAI"-(YZ)q’(yz)2 + Ag(y 2) |dydz =0

(E, +2Q) =

v Topl =- /2. (4)
(4) ( EoTD) °
12 (4) =
o=, (5)
(1) =z
X aR(yz)q+3q(yz)
0z 9z oz
(6) (5)
Z(R(y iy ) =0
i( Eh) = 0. (7)
(7)

(3) (2)
H=ME, +0Q :Afvasz+kaTdA
A A
o 5

84(y 2) 84(y 2)
[J’\R Q(yz)2+qyz]dydz_0

(AE, + Q) =

v T()]JI == /\/2
Jd

o E = .
c?z( ) 0



- 146 - W

ﬂd)hdv CFX 12.0
N GGI .
ijqbf,dv 330
v RNG k-«
d)h . 15-16
v =1;
v <1
v duy ov ow
dx Jdy oz
2
NN m/s.
(w2, o)
a P 0x ady 0z ox
au  u  du
- o T et
E =k[(ﬂ)2+(ﬂ)z+(ﬂ)2]+ p(u@+v@+w@):—al+
! 0x ay 0z 0x Ay 0z y
2 2 2 2 2
,U,T{2[(3ux) +(aux)+(%) |+ M(LngLngLg)
ox ady 0z x ay 0z
(auu%)z+(am+%)2+(%+%)z}_ plu 20y ) o
dy ox 0z ax 0z Ay 0x Iy 0z 0z
(8) M(a;w L dw M)
(8) 9x” 6y2 97
p kg/m® p Pa; u
Pa -« s.
3 > 2 >
u%‘l'ﬂgl-l-w%:a(ai.yaii aizt)
3.1 Y ox~ 9y~ 0z
« m’ /s
uv-w~ Pt
2
3 mm- 12 mm ( 0 Pa)
1 mm-. 3 mm 280 mm 100 mm
0.5 mm B 30°.40°.50°, ’
3.2 N
60°.70°.
3 4
3 4
B =30°

ANSYS



- 147 -

B = 30°

30°
40°
50°
60°
70°

—a— B:
—0— B:
—A— [—}:
—v— B=
—_—— B

=

020 025

0.10 0.15

AV

0.30

0.05

T ip oy

150

100

Es/(W+K)

B =30°

i
0.15

B = 30°

0.25

0.20

AME

0.10

0.05

50°

40°

30°
40°
50°
60°
70°

——B=
—0— ﬁ:
—A— B:
—v— B=
—w— 3=

%w///
03
v i

0.2

0.5

0.4

0.1

1.0
0.9 -

~
o

02 03 0.4
Wi/ (kges™

0.1

> > S
W BB

6,

\n
=



- 148 -

44

10 ¢
—— B=30°
—o— B=40°
0.9 - —" —a— B=50°
% " —om B=60°
T 08 | A B
Ly o——C
= e - ’
i 0.7 v—V/
= o e
/
~ b4
06 |
W—ﬁ/
0.5 ! !
0 0.1 02
HRE
8
1)
2)
3)
B = 30°

YILMAZ M SARA O N KARSLI S. Performance eval-
uation criteria for heat exchangers based on second law
J . Exergy Int J 2001 (1) :278 —294.
BEJAN A. Entropy generation through heat and fluid
flow M . New York: Wiley 1982.

BEJAN A. Advanced engineering thermodynamics M .
New York: Wiley 1988.

BERTOLA V CAFARO E. A critical analysis of the

analysis

minimum entropy production theorem and its application
to heat and fluid flow J . Inter J] Heat Mass Trans
2008 51:1907 - 1912.

HESSELGREAVES ] E. Rationalization of second law
analysis of heat exchangers J . Inter J Heat Mass

2000 43:4189 —4204.

Trans

10

11

12

13

14

15

16

GUOZY ZHUHY LIANG X G. Entransy-a physical
quantity describing heat transfer ability J . Inter J
Heat Mass Trans 2007 50: 2545 —2556.

CHENG X G. Entransy and its applications in heat
transfer optimization D .
ty 2004.

GUOZY ZHOUSQ LIZX et al. Theoretical analysis

Beijing: Tsinghua Universi—

and experimental confirmation of the uniformity principle of
temperature difference field in heat exchanger J . Interna-—
tional Journal of Heat and Mass Transfer 2002 45:

2119 -2127.

BALKAN F. Comparison of entropy minimization principles
in heat exchange and a short-cut principle: EoTD J . In—
ternational Journal of Energy Research 2003 27: 1003 -

1014.

J. 2008 59:2460 —
2464.
GUO Jiangfeng ' XU Mingtian CHENG Lin. Princi-
ple of equipartition of entransy dissipation for heat ex—
changer design J . Science China Technological Sci-
ences 2010 53: 1309 -1314.
JOHANNESSEN E  NUMMEDAL L KJELSTRUP S.
Minimizing the entropy production in heat exchange J .
International Journal of Heat and Mass Transfer 2002

45: 2649 -2654.

1996 26:
25 -31.
XU Mingtian GUO Jiangfeng CHENG Lin. Applica—
tion of entransy dissipation theory in heat convection
J . Frontiers of Energy and Power Engineering in Chi—
na 2009 (3): 402 —405.
. M .
2001: 488 —490.

WESSELING P. Principles of computational fluid dy-
namics M . Berlin: Springer 2001:9 -21.

( )



