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THREEDIM ENSIONAL NUMERICAL SIMULATION OF TURBULENT
FLOW AND HEAT TRANSFER CHARACTERISTICS IN SHELL
SIDE OF SHELL-AND -TUBE HEAT EXCHAN GERS

DEN GBin and TAO Wenquan
(State Key Laboratory of Multiphase Flow in Power Enginesring, Xi' anJiaotong University, Xi' an 710049, Shaanxi, China)

Abstract A three-dimengona , staggered grid, full-implicit condstent control-volume numericad modd was
presented for the analyss of turbulence fluid flow and heat trander in the shell sde of shdland-tube heat
exchanger. The numerica model used the distributed res stance method along with the concept of volumetric
porodties, surface permeabilities to account for the presence of tubes in the heat exchangers. A modified k€
model was used to account for the effectsof tubeson turbulence generation and disdpation. Shell and baffle walls
were modeled by udng the wall function gpproach. The three-dimensona mode was vaidated by comparion of
the computed pressure drop distribution with experiment data obtained on an E shell type heat exchanger model
and the previous research results Good agreement between the smulation results and experimenta data is
obtained It showed that the threedimendonal numericd model could more effectively smulate the flow
characterigticsin the shell-9de of heat exchanger than the previous numerical § mulation models.
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Fig.2 Numerica gmulation program frame figure

Table 2 Geometric parameters of heat exchanger

Shdl-sde Tube-sde Shdl sSde Number 211::; Number I;i;:;e
flud flud  lengthh m of beffles of tubes
/'m /'m
. 0.015,
ar water 1.98 57,9 0.010 325 0. 148
3.1
Re 50000, Re 20000

Fi

{b) flow field and temperature field in shell side
g-3 Smulation resultsof vertica section

3 4 ,

3 ’
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(a) Nlaw field
Z=060m  Z=138m
(b) remperature field in shell side
Fig. 4 Smulation resultsof cross section
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Table 3 Total pressure drop comparison between
simulation value and exper iment value when

baffle number s are constant

No. Ap [kPa Ap /kPa Relative error/ %
1 6.53 5.57 17.2
2 7.90 6. 63 19.1
3 9.37 7.70 21.6
4 10.94 8.88 23.0
5 12.72 10. 22 24.5
6 13. 50 10.71 25.1

dmulation results;
expermenta data.
4 5 7 9 |
0.24m> st |
. 7
,  20.5%, 9 ,  8.3%.

Table 4 Total pressure drop comparison between
simulation value and exper iment value
when number of bafflesare different

Ap Ap Ap
ltem (number of (number of (number of
bffles=5) bafles=7) bafles=9)
/ kPa / kPa / kPa
smulation results 4.8518 6.716 11. 7028
experimentad data 4.15989 5.57314 10. 80555
relative error/ % 16.6 20.5 8.3

0.33,0.34m*s Y |
. , 5.

20 % , 2,
( 38%, 1
13 %) .

Table 5 Total pressure drop comparison between
simulation resultsand experiment value when
applying different methods to calculate
por ous medium parameter s

Method 1 Method 2

No.  Ap Ap Reative Ap Ap  Reative
/ kPa / kPa error/ % / kPa / kPa error/ %

1 6.53 5.57 17.2 6. 66 5.57 19.6
2 7.90 6. 63 19.1 8.05 6. 63 21.4
3 9.37 7.70 21.6 9.58 7.70 24. 4
4 10.94  8.88 23.0 11.24 8.88 26.6
5 12.72  10.22 24.5 13.03 10.22 27.5
6 13.50 10.71 25.1 14.78 10.71 38.0

smulation results;

experimentd data.

1

1.
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