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Study on Condenser Strength based on Mori-Tanaka Method

LYU Dong-yang,ZHAN Teng-teng, GAO Wan-bo
(No. 703 Research Institute of CSSC,Harbin, China,Post Code ;150078 )

Abstract; In order to solve the problem that it is difficult to model the real situations due to many con-
denser tube bundles,a two-scale analysis method based on Mori-Tanaka method is proposed. The equiva-
lent model is estabilished according to the two-scale analysis method and verified. Through the model veri-
fication , the overall calculation model of the condenser is established ,and the strength of the condenser is
studied under the actual working conditions of 4. 1 MPa and 4.8 MPa. The results show that the maximum
calculation error of the equivalent model is 5. 2% ,which meets the engineering allowable error range; the
overall maximum displacement of the condenser is at the tube sheet on the inlet side; the stress distribu-
tion in the equivalent area of the inner tube sheet is uniform, and the maximum stress is located at the
connection of tube sheet edge and flange ; the maximum stresses of both working conditions meet the ma-
terial yield strength.

Key words: double tube sheet, finite element analysis, Mori-Tanaka method, two-scale analysis,

stress distribution
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2c(1 -¢) (v -v,)’nE,

(1-c)(1+v)( =20) + (1 +v,)[1 +c(1 -20,)]
(1)
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Fig. 1 Schematic diagram of double tube sheet structure
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Fig.2 Equivalent process of a single tube bundle
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Fig. 3 Equivalent process of tube sheet
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Fig. 4 Equivalent process of heat exchanger tube bundle

2 SHTRRIE

2.1 BIEPRAEG

SR FF AL B A 20 mm i B 45 0 A 700 o) 45
RO FE AT SR Uk, AR O 100 mm, 242y
500 mm, e A H A A S E AR R R 14
18 mm, < 1 000 mm, RS FILERINE S Br
Ro BB RA R R PRI 1 B,

BS EiRFEREGIEE

Fig. 5 Example model of tube sheet structure
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Tab. 1 Material properties of the example
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Fig. 6 Boundary conditions of the example model
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Fig. 8 Stress cloud chart of left tube sheet Fig. 10 Cloud chart of X-direction displacement of
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Tab.2 Comparison of maximum displacements
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R Ufd BRI/ mm AR/ mm 225/ %
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Fig. 12 Overall 3D geometric model of condenser
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Fig. 13 Overall meshes of condenser
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Tab. 3 Maximum stress of each tube sheet of

condenser ( MPa)

Tl T2
kg HEAR M KA HEARM

R

HNE R 192.6 188.9 226.0 210.3
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Fig. 17 Stress cloud chart of the equivalent area
of inner tube sheet on the water outlet

side under working condition 1



11

E R BH, 45 . 55T Mori-Tanaka J5 3 8 BEAR 58 FE A5 - 135 -

TBL2(p =4.8 MPa) R RO AL W 18
F7s o WA 18 WL, Fe KRR 2. 591 mm, (i F K
M HRAL o T80 2 R KA PR Al S8 DX S T 2= [
AN 19 Fron o r P19 Al A AR A A DX B R R
JOE FASE T R KA PR AR 14 A5 A X 3L, R g A
HT L AR, f R J7 0 254. 8 MPa, R T4 2
RS T 1 Xl DU, B A R o T+
[ERES 2R YL S FNVR L DNNLE g TE 3 85 FN
BE ST o R, T80 2 048 2 181 5 0y 23 i
5T 1 SEAARTR], AR R IX S8 R0 g il 2 TN
AR JE AR 5

i /mm
+2.591e+00
+2.375e+00
+2.159e+00
+1.943e+00
+1.727e+00
+1.511e+00
+1.295e+00
+1.079e+00
+8.363e-01
+6.477e-01
+4.318e-01
+2.159e-01
+0.000e+00

B 18 TH2EBEMBRE
Fig. 18 Overall displacement cloud chart under

working condition 2

N 1/MPa
+2.548e+02
+2.338e+02
+2.128e+02
+1.918e+02
+1.709e+02
+1.499e+02
+1.289e+02
+1.079e+02
+8.697e+01
+6.600e+01
+4.503e+01
+2.405e+01
+3.080e+00

19 TR 2 HAMAERERXIFE = E
Fig. 19 Stress cloud chart of the equivalent area
of inner tube sheet on the water outlet side

under working condition 2

5 & it

-l

BT Mori-Tanaka A0 #3018 , 51 AE R
KU BEST BT T35, I X0 Vo Bk #4825 K 1A 7305 224 fay Ak Ak
B, FEHEATAR OGO B AR R 58

(1) #24 Mori-Tanaka J5 4 ) B 1n] 2F 4E 5

PR RUSEL, 510 R IR S A 3t XSURUEE 5 5
HENT TR BRSO

(2) 383 S A A 5 A R A T B 25 SR X B
TR 2L TR SRV BN, S0 T 45 50 A 1 o
e R AT SEPE

(3) N T8 BRSO T AR X2 B
FRARAFEAT TR A3 MY, E KA B hy 5 44 11 14 55
FRAL, I TE AR S 1 22 S A A e Ny S (ALY
TR TR IS O LA R ¥ B A 24 A R TR
PR —Fp U

SE 3k

(1] fr e XU Alffe e 0 it sE 4 [T ). A AL 0K, 2018,
25(8):9 -19.
HE Yan. Design example of double tube sheet heat exchanger[ J].
Petrochemical Technology,2018,25(8) :9 - 19.

(2] Db FReAGIEE RS B[], o E AR i %
4,2009(11) :1 —4.
BU Yin-kun. Structural design of tube sheet of shell and tube heat
exchanger[ J]. China Special Equipment Safety,2009(11) :1 —4.

(3]  AEUIH. 4 7o I 5 A A RS A8 B 5 BE BF 5 B U7 i JE g
D] b5t st fb TR ,2014.
XIONG Ao-bo. Mechanical study on fixed tubesheet of tubular heat
exchangers and calculation of thickness of double tubesheets| D].
Beijing: Beijing University of Chemical Technology,2014.

(4] FEHOME, SR 7, D 22, 3PV 0 8 58 s &R 1V 3 A1 1Y
W[ T]. HRR2A244R ,2020,32(3) .79 - 83.
WANG Zhan-hui, ZHANG Zhi-fang, MA Xiang-rong. Influence of
heat exchange tubes on stress distribution of shell and tube heat ex-
changers[ J]. Journal of Gansu Sciences,2020,32(3) .79 - 83.

(ST ORIV, sieburiss, 4 2%, 45, 0PV BE & -1F X Bk A 8 U A 45
FR FEPEAE DT IR DESEL ). Hh RIS, 2009,4(5) -39 44,
XU Shan-shan,ZHANG A-man,XIE Jin-xin, et al. Research on the
strength evaluation method of double tube sheet structure with a-
symmetrical layout of ship condenser[ J]. China Ship Research,
2009,4(5) :39 —44.

(6] £ %, KLU, % REVE 208 BEAS R 0k Bt
[J]. FEJ1%5458,2017,34(9) :43 -47.
WANG Mi, FAN Fei, KONG Fan-sheng, et al. Optimal design of
large shell-and-tube condenser[ J]. Pressure Vessel ,2017,34(9) :
43 -47.

[7] LI An-jun, GONG Bing, WANG Bao-lin, et al. Structure strength a-

nalysis of the plate heat exchanger by ANSYS[J]. Contemporary



- 136 - woge 3z o TR 2023 4

Chemical Industry,2013,42(6) ;780 ,783. [13] XU FET ANSYS [ XUH #4500 M 4 B8 17 g 43 B 5
[8] YUH,QIAN C, CAO R. On the design approach of double- W] BUARHE B AR 54,2018 (11) 97 - 101.
tubesheets| C ]//Beijing, China: PDR'2010 International Confer- LIU Ying-ge. Stress analysis and evaluation of double heat ex-
ence on Advances in Product Development and Reliability. Beijing change tube and double tube sheet heat exchanger based on AN-
University of Chemical Technology,2010. SYS[ J]. Modern Manufacturing Technology and Equipment,2018
[9] MERAH N,AL-ZAYER A,SHUAIB A et al. Finite element evalu- (11):97 - 101.
ation of clearance effect on tube-to-tubesheet joint strength[ J]. In- [14] ST, S8 A I, 255, 4008 77 2 28 S F 5 I P 4R 3
ternational Journal of Pressure Vessels and Piping,2003,80(12) . [C1//4bs 45 18 J 4 6 46 M T R2 2 R 2 W0 e84 |
879 -885. W ,2009.

10]  LENG J. Analysis of t ture field and thermal stress i
[10] J. Analysis of temperature field and thermal stress in a ZHANG Zi-ming, SONG Zhi-tong, HE Ju-hai et al. Discussion on

fixed tube-sheet heat exchanger[ J]. Journal of Beijing University o . X .
the applicability of the classical theory of meso-mechanics[ C]//

of Chemical Technology,2004,31(2) :104 —106.

(V1] RS, A% A 5 B e i 0 A7 BROC AT [ ). TR 45 4%,
2016,33(12) :28 - 36.

Beijing: Proceedings of the 18th National Structural Engineering
Academic Conference Volume 1,2009.
[15] BENVENISTE Y. A new approach to the application of Mori-Tan-

YE Zeng-rong. Finite element analysis of asymmetric thin tube

aka’s theory in composite materials[ J ]. Mechanics of Materials,
sheet heat exchanger [ J ]. Pressure Vessel, 2016, 33 (12):

1987,6(2) :147 - 157.

28 -36.
[12] 4 EIR, BUIME B k. He T ANSYS [ U B B b [16] GB/T3620.1-2016,GB/T3620. 1 - 2016 %k M &k& 4 pi 5 A0
Fo
PRI D] TR 1648 ,2010(10) 30 -35. fLIr LS
YANG Yu-qiang, HE Xiao-hua, YANG Jian-yong. Discussion on GB/T3620. 1 - 2016, GB/T3620. 1 — 2016 Designation and

tubesheet thickness design of double tubesheet heat exchanger chemical composition of titanium and titanium alloys[ S ].

based on ANSYS[ ]]. Pressure Vessel,2010(10) ;30 - 35. (x| M %)

R I R R e S S

X . €
& [T I
%o T

Fortescue AR R“GE Hi”SAEMHBRASKHE ORIE

BEHHARE R RXA R R LS ZRRURRLE O E, — A RB KA o) ARG E IR
Fortescue Future Industries #8418 -F4% B S A4, B aTiZ A8 E AR E — A E A ey 5 X, Bl A% e 7
IR AR R FORFHEAZ BN, “HETIR AR LR T A ERBF RO ERRRA, €A —FH TR
AR, T A AR AL SL 20 T T MR B KB, B4, RALMAE -252 CHBET A2tk A,

AR T KRR A £ T Mo FhikiLnt ey —162 C, B, R AR RARARAAE AL LA ENE HmT
A
Fortescue 23] 49 B 4772 3] 2030 F, 45 £ = 1 500 et Z & A4, L PRI, AR KA L, #3HH

RRR M Z2ARE, K ZHFTHXH A B e A XF AL RAEES, TR XNiZ i, Fortescue 23] 4L £
FREANFA, BRGETIR THRILAARSE 2R CE@DEERAIEK, “GFEFTR BEKLE 2

W RMB G A PR ETIR, RS E BN ER AL TR 848, Plife 88428 5 24K, %
B R, Bl BB A, Fortescue N8 B A A TR VAN B E 2,

( #5212 4% B https ://hydrogen-central. com)



