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Numerical Simulation and Optimization for Gas Flow Distribution
in Tube Side of Tube Heat Exchanger

LIU Weijun', LI Xiong

(1. School of Mechanical Engineering, Shanghai University of Engineering Science , Shanghai 201620, China;
2. School of Automotive Engineering, Shanghai University of Engineering Science ,Shanghai 201620, China)

Abstract; A numerical simulation based on FLUENT software was carried out for airflow distribution uniformity of tube
side, which in the tubular heat exchanger with double tube side of smoke-water medium. The influence analysis on the
maldistribution under different conditions of split range channels height, distance of both tube side, tube columns
number, internal diameter of tube and tube spacing were considered. The orthogonal design theory was used to design
numerical experiments. The simulation results show that the internal diameters of tube have an important influence on the
maldistribution, and the next important factors are the tube columns number and split range channels height, but the
unsignificant factors are the distance of two tube side and tube spacing by the range analysis and variance analysis. The
optimal combination structure of the tube side within the scope of the simulation is that, the split range channels height
is 60 mm. The distance of both tube side is 20 mm. The tube columns number is 4. The internal diameter of tube is 7
mm, and the tube spacing is 11.6 mm. The flow uniformity was obviously improved in the tube side after optimization.
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Figure 1 3D-structure model of

heat exchanger tube side
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Table 1 Feature size of heat exchanger tube side
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ACF PR R AR B B
=& h/mm L/mm /| d/mm S/mm
1 30 20 4 7 1.25(d+1)
2 40 30 5 9 1.35(d +1)
3 50 40 6 11 1.45(d +1)
4 60 50 7 15 1.55(d +1)
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Figure 2 Simplified schematic of

AR

heat exchanger tube side
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Table 2 Orthogonal test schemes and

numerical simulation results
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1 1 1 1 1 1 0.093 2 0.128 8
2 1 2 2 2 2 0.1349 0.1750
3 1 3 3 3 3 0.212 3 0.265 4
4 1 4 4 4 4 0.3531 0.492°5
5 2 1 2 3 4 0.087 6 0.1127
6 2 2 1 4 3 0.117 0 0.1390
7 2 3 4 1 2 0.109 4 0.148 3
8 2 4 3 2 1 0.146 7 0.201 4
9 3 1 3 4 2 0.190 9 0.301 5
10 3 2 4 3 1 0.176 9 0.260 0
11 3 3 1 2 4 0.039 6 0.069 6
12 3 4 2 1 3 0.049 6 0.078 2
13 4 1 4 2 3 0.072 2 0.114 6
14 4 2 3 1 4 0.048 6 0.082 1
15 4 3 2 4 1 0.1372 0.189 8
16 4 4 1 3 2 0.061 5 0.087 2
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Figure 3  Serial number of tube side
section for data acquisition
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Figure 4 Velocity contour of 1% heat exchanger
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Figure 5 Velocity contour of

optimum heat exchanger
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Figure 6 Flow distribution of tube side 1
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Figure 7 Flow distribution of tube side 2
3.2 WYUERRESN
IESEREAT RG] e, w] LA 1360 45 2R 14 i
B i T KRS S R A, 85 RTR 22 20 i v]
FOULTRTEE 3 B 53 95 2R, A AR R PR 3R ) 2 Rt
BAEE M Rt A & . IR b L,r,d 1S XHEdR
SRR A ZEFNHEF 3R 3 B, o kL ks ks
by I, R AR ZE o
R 3 RHAYFE D A= DB ESHT
Table 3 Range analysis of maldistribution D, and D,

fabn PRI ky ky ks ky R HeF
h 0.1984 0.1152 0.1143 0.0799 0.1185 2
L 0.1110 0.1193 0.1246 0.1527 0.0417 4
D, r 0.0778 0.1023 0.1496 0.1779 0.100 1 3
d 0.0752 0.0984 0.1346 0.1995 0.1243 1
S 0.1385 0.1241 0.1128 0.1322 0.0257 5
h 0.2654 0.1503 0.1773 0.1184 0.1470 3
L 0.1644 0.1640 0.1683 0.2148 0.050 8 4
D, r 0.1061 0.1389 0.2126 0.2539 0.1478 2
d 0.1094 0.1402 0.1813 0.2807 0.1713 1
0.1950 0.1780 0.1493 0.1892 0.0457 5
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Table 4  Variance analysis of maldistribution D, and D,

ks WE SFTRM AmE BU7 P BFEE T

h 0.0305 3 0.0102 20.597 * 2

L 0.0039 3 0.001 3 2.655 4

D, r0.0245 3 0.008 2 16.581 * 3
d 0.0353 3 0.011 8 23.860 * 1

S 0.0015 3 0.000 5 / 5

h 0.047 8 3 0.0159  9.655 * 3

L 0.0073 3 0.0024  1.480 4

) r 0.0546 3 0.0182 11.015 * 2
d 0.00668 3 0.0223 13.480 * 1

S 0.0050 3 0.001 7 / 5

(ﬂfllﬁ}?ﬁﬁ FU_%(3,3) =5. 39’F0.95(373) =9. 28,F{].9‘)(373) =29.46
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Figure 8 Relation diagram between factors h, r, d with index

3.5.1 EWNIE d X sh S MRy 5

BN d XSRS SR i K . & 8 WL
Al ABSE D, DS d 93 hnmisg . Py kE
A d W, A o A I L O IR RRRE )
IR/ Bt 1) 30 T T 2 A R A R B 1T s 22 R )
SRR, B R s A,
3.5.2  EHVEL r XPA B A AIPE R R

BB TVECr XIS Y I RS 2 TEIR] 8
ORI D, D, BEE S SV B g . R Ry
BEA r SEN , S B A SO RS I, AR A R i
AR, B BH 7 452 2% BEAEG , 5 b ] ek -$r a0 e 3 v e oA
o) BEREAN , PRLHOG A AR B ) 1 22 520 A8 R, (i 753t
BRI SIPERN
3.5.3 MHIE R b XSS 5

HHE = b X S SR s 3%, h[&] 8 )
DIAH , SR AN SIEE Dy, D, BEHE h B34 0 52 0
INEaH BIKE 2 FIZKOF- 3 Z [ DAl DY RCE AT
RESH BN R A TN 1 iR 0 A 5k
PEFAERG M, 75 B — 20X R b R R AT

E AR L =20 mm,r =5,d =11 mm,S =
1.25(d +1) LA h BYBUETERE 20 ~ 80 mm, FLUENT
S8R 5 0L EARE B TR, D, LD,
BE h BRI 9 Fis . MR AT LA Y, B A 1Y

BEIN,D, DA, PR bR, RS T 3R 8 T Y
R AP NS R ot AN ) DN DR A A
FARACARL I8/ B FRAE Y 11 s 2278 Al ], PRSP
WA ERER . 24 h=60 mm I}, D, , D, AR R
JEE R GH /N 2 AR AE

20 30 40 50 60 70 80
Y7 iR IE = EA/mm

B9 hR¥gEHe
Figure 9

4 Z5iE
AT IR AR B B 7 v, 0 A AR 4540 2
By ) 4 RS A RN B U sh X ST TR
BN, S A A 22 05 28 03B, 4R R G PRI ZR, 7R BT Y
TLHEIN, 45 i as e L2 M 7 58, I ad i b S B
RIS S 56 UE , B LA 45 XS BUE R A7k A1 o B Y

WITHAZSEME, FEEEWT .

Influence of h on maldistribution



<24 - B THI# Light Industry Machinery

2015 FFEEE5 A

1) HARAE i ) 3 R T A% R v 1 S T T A
AT kD5 o MR Z g 43 A 5 AR 2 AN 1 ) i 3k ey T
R, AP YA 22290 29%

2) BEESVECIAEARRIG I, B 1.2 BRI
K5 TS B Sk i s B R, AR 1.2 1
AYE) i B R BE R H, 2 4T iR JE & K T4 T 60
mm [}, AN FEIRAE T A

3) R Z PR ESL 5T 5k, X X8 -7k A
RS A AT U0 A, A5 B0 Bl 25 A0 1 52 ) i
(8 PR 3R SR A A A e P 9 BROR R 3 3 e 2 5 T
LA AN X IR S SR AN B o HETR
ARG N B A 28 0h h =60 mm, L =20 mm,r =
4,d=7mm,S=1.45(d+1),

S 30K :
(1] EAha. 7 ERBHBBAERFRELEL]]. #1145 K 2012,

40(5):53 -57.

(2] RTE, BREE LTk hFIM]. Lm0 B R,

2005154 - 155.

(3] #FRG Fu,KLE, % ETHHERENEEANIRT R

B AT R B AR 3R % 5 H0K,2011,10(1) :57 -62.
[4] HABIB M A,BEN-MANSOUR R,SAID S A M,et al. Correlations of

flow maldistribution parameters in an air cooled heat exchanger [ J].

(L#E% 18 1)
5 #ig
TEAHH BRI () B R v, E R B R
SEARE CHRIY , — I A RS B A5 e 28 14 r 4 A
FRIHIE OUA B GG o e WAV~ P A 0 o R i A
HA A A LR AE R Lo LRSS 4%, o T ARIE
1S3 2 07 5, B CAE HeAR X S RSk £ fh
TTEIT R U AL, A5 5] 4 S A H
HEACED Y S B A R R BT T 28 o A
TS E A B S bRl SR 27 6 o b, 15
2 AR B i 90% | KSR 245 °C, R ER
BFE] 3 s, A 7 20 MPa B, il f R S04 28 75 38 31
IR .
S k-
(1] %A B AGRMHEHRARERNAIM]. LR, T E4#,3%.
Jbar st Tk H iR ,2003.
(2] MRE WAk, B, % 4R A 0% B KSR E SR A

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

(1]

International Journal for Numerical Methods in Fluids, 2008 ,56(2) .
143 - 165.

CHUNG K,LEE K S,KIM W S. Optimization of the design factors for
thermal performance of a parallel-flow heat exchanger [ J ].
International Journal of Heat and Mass Transfer,2002,45 (24 ) :4773
—-4780.

G, AR, AW, E. FARERB RN A A g%
HyFT gL R[], 4 24 ,2010,31(6) :39 -45.

CHO J M,CHOI ] W,HONG S H, et al. The methodology to improve
the performance of a selective catalytic reduction system installed in
HRSG L1l
Environmental Engineering Science,2006,23(5) ;863 —873.

HABIB M A,BEN-MANSOUR R,SAID S A M, et al. Evaluation of

using computational fluid dynamics analysis

flow maldistribution in air-cooled heat exchangers [ J]. Computers
&Fluids,2009,38(3) :677 - 690.
R, X Z  HH T R B A 3 BROHE (o3 2 A B B
WG AL AR BK ¥ 5 9%,2013,34(6) :589 - 596.
WK B RERRBENEZS KW BELI] BT
,,2013,31(3) ;23 -27.

M Hn R, % BT EX RPN B EE MR
BT RLI]. KN K F4,2013,32(5) ;204 -212.

A A, XU BRI BRI At [ M. b ok R
2006141 - 158.

ITEHBMAFRII]. T2 E R ,2012,40(7) :36 -40.
HEE,FE ML, ATEXRBWA KB FEHRA T
LHEBRALI]. TA BRI 2011, 39(11) :44 -47.
B MHEE BR T XAHRAELRERERIT[I]. BT
HLAk,2012,30(6) :10 —12.
WRE M VI R SR E F R A MPL (7
®[J]. 7 &A% %4,2012,26(2) :58 -62.
FE A BR T AR AR B ST )] A Tk ,2011,37
(6):44 -52.
e, B AL R AR A Bk SRR T[] A E 4 2011
(12):54 -57.
{7 SC. o AL AT 55 AR B R AR T (U] A B T ,2010,36
(1):51 =54.
B EME PR SR E SR B AR AR A e
FI[J]. D428 K5 A ,2009,37(8) 142 —44.
FE#. Pro/E 5 Moldflow $ A 78 A A48 By £ 4T ok A A A By KL ]
[J]. T 73 A i 3 % B 5 4R ,2010,16(3) :35 - 38.
Fid BNMEE R RS M) L AU T L B R,
2012.



