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Table 1 Composition of momentum entransy loss of different tube arrangement condenser

<I)mﬁ
D, (kW)

EHRAME G, (kW) D (kW) D (kW) D, kW) D, (kW) D, (kW) £
m
B AN A 3085 1102 1201 34 517 2856 230 7.4%
XL TEY 1119 443 204 16 298 963 157 14.0%
2 2559 1188 688 36 433 2346 213 8.3%
By 6626 2104 3748 59 264 6177 449 6.8%
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Table 2 Percents of the momentum entransy loss of the forontal two/four rows tubes in the total loss for different tube arrangement con-

densers
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Table 3 Composition of air mass entransy increases of different tube arrangement condensers
A Guna G D, G, — Do Gy Gr
(mgs) (mgs™) (mgs™) (mgs™) (mgs™) Cna
K AR 126 2097 1991 106 20 15.8%
XU 1046 5509 4529 980 66 6.3%
ZERl 35 2293 2265 28 7 19.0%
HRAY 721 2730 2013 716 0.6%
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Table 4 Air mass entransy increases in air cooling region of different tube arrangement condensers
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Figure 2 Flow and heat transfer performances of double-tree-shaped tube bundle condenser. (a) Streamlines; (b) velocity distribution (m s); (c)
pressure distribution; (d) air mass fraction distribution; (e) heat transfer coefficient distribution (W m=K™); (f) heat load distribution (kW m™)
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Table 5 Performances of 330 MW condensers with different tube arrangements

BT e

R D JAR il HEI FRifER it BRI R HEI A3 &

(Pa) (kgh™ (kgh™) (kPa) (kPa)
A NE 521 1040 5.87
XL HY 165 130 491
E-3i 428 5265 98 6.37 4.69
GpAY 1033 179 4.94
XU 1 176 48 4.68

FE330 MWHLALEE TR T, RO B 7645 o A
AR T O T 5Tl FEFE A 176 Pa, 18 JLFPEETR
o H AN R IGe Y A SR A O A R R LI AR A R
BB A TR BRI A & T AN R
B, SEPREIARECR, PR 7e M e B A /N . R A 75
A BB AR BV AN e XS A BT A R
R, (E o il B Y T AT R I T kv A,
7o M) 68 5 00 06 76 A5 SR A R VR AR A S, IR T ik
T A B OBUE B A A VA I A R
10 h48 kg h', ML A A R A B EEVR A BRI &2,
A HERR R S A9 50%.

FEAEMA T, NGE A JOA BB A Y
5 E }4.68 kPa, X T HE R METHE S AU EES 21T
JE. 5 ETR 4R R A T v R A A 11 X A
B BB A EL, T EREMK T 0.23 kPa, 15
BB 2= 22 AU RAT EAHEL, 75 R T 1.69 kPa.
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e R R HLAL D C335-16.7/0.8/538/538. %) 2%
BLLH BE 737 SR FH 5 A G A 0 45 AR R s T 20144F-7
SER, I3t T 3037

MR L5 B LB, 4320 MWHRT AR, i
A HIKHE IR E 429.75°C, i ~N40493.00t h™', #E
RN T R 473.88 MW, fE#i 25 8 2.42°C, B4k
fEIZE R N4116.83 W m 2 K, ik 4% B8 1F 2%
A HIKE39160 t h™'FIVA E1 K PE CREE 20 °C 444
T, ADEER 2SN K PR 61.85 kPa, BAUEETS % P 7K
FH62.41 kPa, ¥J/NTFiIT{H63.10 kPa; HEEVA#R T T
}94.33 kPa, /NTi&IHE4.9 kPal®! 5k i fi 4 5.84
kPafli T 1.5 kPa, #H4FHK IR 124 ghrtitl I,

B3 (MR RBRMAH) 2 SHU BRSNS
Figure 3 (Color online) The rebuilding #2 condenser of Laicheng
Power Plant
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Entransy analysis of tube arrangement effect on condenser perfor-
mances and its application

MENG Ji’An & LI ZhiXin

Key Laboratory of Thermal Science and Power Engineering of Ministry of Education, School of Aerospace Engineering, Tsinghua University,
Beijing 100084, China

Condenser is a huge, complex shell-and-tube heat exchanger. It is the key auxiliary equipment in power plants whose
designs have a very important influence on thermal efficiency of electric power generation. At present, power plant
condensers are traditionally designed based on recommendations from previous designs and experimental results, often
based on the standards developed by the Heat Exchange Institute. However, it does not take a number of factors into
account, including the tube arrangement. Hence, to study the tube arrangement effect on condenser performance and to
optimize/improve the condenser design are very important for energy saving. The condenser performances, such as the
back pressure and venting rate, are strongly affected by the tube arrangement, and there are three irreversible processes
for the fluid flow, heat transfer and mass diffusion in condenser. Borrowing from the entransy analysis method of heat
transfer process, the momentum entransy analysis and mass entransy analysis were performed on the steam flow and air
mass diffusion process in condenser. Adopting the porous media model the momentum entransy balance equation and the
air mass entransy balance equation of the steam flow were deduced, then, the relation of momentum entransy loss of the
steam flow and the distributed flow and heat transfer parameters in the condenser and the relation of air mass entransy
increase of the steam flow and the distributed parameters of flow, heat transfer and air mass fraction were deduced. With
the two relations the effects of tube arrangement on the back pressure and the venting rate are numerically investigated.
The numerical analyses on four typical condensers indicate that larger momentum entransy loss relates to larger back
pressure, and larger air mass entransy increase relates to less venting rate. Based on the numerical results of the four
kinds of tube arrangements 330 MW condensers, the principles for tube layout in condenser are summarized. For
examples, the reasonable design of the periphery of the tube bundle, i.e., the tube bundle profile, can lead the steam more
uniformly entering the tube bundle, then the back pressure can be decreased; the tube arrangement should be well
designed to properly guide the steam flow so as to avoid vortex flows, and a air cooling region should be well designed to
reduce the venting rate. Finally, the bionic double-tree-shaped tube bundle condenser is introduced and the performances
of a 330 MW condenser with bionic double-tree-shaped tube bundle are numerically analyzed. The results indicate that
the steam uniformly enters the tube bundle, the thermal parameters are mainly centripetally distributed from the tube
bundle periphery to the venting channel; the well-designed auxiliary steam entering channels result in a reduction of
average steam velocity, hence, a reduction of flow resistance; The non-condensed steam is deeply condensed in the
gradually contracted air cooling region, which strongly reduces the venting rate. Compared with the existing four kinds
of condensers, its flow and thermal performances are much better. The back pressure of the rebuilt #2 condenser of
Laicheng Power Plant by using the bionic double-tree-shaped tube bundle is decreased 1.5 kPa.

tube bundle design, condenser, momentum entransy, mass entransy, bionic double-tree-shaped tube bundle
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