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Shape Optimization of S-tube for Heat Exchanger Used in High

Temperature Environment Using FE Analysis and DOE
Ho-Seung Jeong' - Jong-Rae Chot
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Abstract: The aim of this study was to optimize S-tube shape of heat exchanger in term of reducing the
size of tube bundle and improving the mechanical properties such as the thermal stress and resonance. The
geometric parameters such as offset length, the straight distance between one end and other end of tube,
the tube length in straight portion and fillet radius was assessed as a valid parameters. The structural
analysis was performed to estimate the structural characteristics. Main effect analysis was performed to
investigate the main effect for the various geometric parameters. The response surface methodology was
employed to establish mathematical approximation models as a function of the geometric parameters of the
S-tube. Also, The optimization was performed to optimize geometric parameters of S-tube using the
regression equations and optimization tool. The optimized tube shape has been proposed. Those could be
used in the heat exchanger design used in high temperature.

Key words: Heat exchanger, Finite element analysis, S-shape tube, Design of experiment, Optimization
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Figure 1: Comparison of gaps between curved and

straight region of tubes
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Table 1: Mechanical properties of solution-treated
Inconel 625[12].

) Value
Mechanical properties
300K | 700K | 1000K
‘ Elastic modulus (GPa) 207.5 | 185.5 161
— CTY ! Poisson’s ratio 0312 | 0312 | 0.308
Figure 2: S-shape tube and geometric parameters Density (kg/m3) 8440
Thermal expansion (e-6)| 12.7 13.7 15.2
20 289 Al Al Yield strenth (MPa) 440 370 308
AGEE ZA3= & A 2 28y 7 Tensile strenth (MPa) 1050 900 640
f FoeE ALt YA fFEFaLENE F
gttt A7 1.5mm, 77 0.12mmE 7Hd 1= 3. A % ™35}
D(Inconel) WIAI#Z F sl AREEHAT AZ 34 mxaya 2o
A AT S G MAsk, WTFAY R gy d Aaazte] Bel 2aHA go
dE AL, 0E AR R E AYLETE g 92920 ¥ (factorial designs) S 2 573 54 T
T, w7 SAgel TH AEAN FE 5 aazre] wol 20 WM U2 ¥ (fractional
A wEel ZFRENAA A HE AFAANE  gyorial designs) . & 432 SHTH11]. Table 2= &
U7 dAE dAnoN ] TR & gmso) gat 23S BAZT AAGTA =
AME AN AL ATH2-4, 12-14]. Table 1> /1 o) 2n 47, 2220 552, 2H ml A okghs
AL M S4S RATEH SR o) gjjelmg, Al ANSE 1,875 (S*3)molt
1000K(727C)oN A} &57d 37 308MPa, RIB7EE7E  gyag smala] 1) @ 27} AFEH 7] W 2o] A A
640MPa ©95] 5798 7T AAzYo] ol 2254 Fom, MSHUWS ol
L ATRD AL ORAR, # AR T g g g9 gy 2xg 32U 5 W) gRoln
Gl skl del7h Ao o8 ARE Y £ w wpoAE AzFANWOE AAS stk
AR HHE T A9, AlZe] el 287 E AL
Foolge]l Ak AR, & AFeMs 344 Table 2: Geometric parameters and levels.
BE 7FA ¥ Q- (beam eleemnt)S AF-E-3lo] 34 Geometric Level
= Ty BolA BAHE G5 S At parameters ) ) 3 4 5
7] S1aA Ao & —"‘%riﬂ 2FHo Kt o b | D | D* | D | Do
HrHo g #He] YR S5 REvxE & T.L. (mm) g0 | 90 | 100 | 110 | 120
Ao osiA gEbAM, F Ao whaka] g TL* To* L | TL* | TL*
gk o4, F3 2A0E ey Axs O mm b it o oas | 022 | 026
71 Qe B JrE 25 Fol FdEA H& T.L*| T.L*| TL* TL* TL*
del AN st A6 aen exe o @™ol 013 | 014 | 0.15 | 016
1000K, 3l &= 300Ke|™, g2 Juxe=z FR. (mm) Do* | Do* | Do* | Do* | Do*
FolA BARHE SHo] W Fong FAoA 4] 5 6 | 718
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Figure 3: Deformation shape at natural frequency of

S-tube. (Unit: Hz)
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Figure 5: Main effect plot for maximum stress.
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