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Abstract 1 Marine TEMA heat exchanger is the equipment to transfer the heat energy through both fluids that are enclosed separately by
applying conduction and convection phenomena for a large vessels. Especially for heat exchanger working under the high temperature and

high pressure, the expansion ratio should be taken into account other than under the low temperature and low pressure. This study was

tried to find out the idedl expansion ratio through analyzing the elasto-plastic stress behavior of deformation while tubes are expanded
with the finite element methods.
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Fig. 1. Typical roller expander for tube and tube sheet.
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Fig. 2. Detail of tube and tube sheet joint part.
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Table 1. Mechanical properties of material

Materiat o, (ke/mr) o, (kg/mr) Ekg/m)
SA516 12.022 22,493 2.074x10°
SAI79 9.421 18.279 2.074x10*
SA213 14.061 21.092 1.989x10*
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Fig. 6. Elasto—plastic stresses distribution 35 and 50 kg/mif
of 0.4 mm groove for carbon steel.
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Fig. 7. Elasto-plastic stresses distribution 35 and 50 kg/mi’
of 0.6 mm groove for carbon steel.
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Fig. 9t #9 793 1gae § ol 06mo 39
2 o, @t B9 92899 ¢3S Brem, (b 50 ke/mi
SURE AFL U Aol B

o 987 MPa%} 141 MPag 248l z &
57~6% AL e 4&=5F o)

RODAL SOLUT 10K,
sTERP=L STER=L
SUB =1 0B =1
TIME=L TE=L
/LYPAIDED /TAPANDED
Y (AV6) SEQV (AVG)
Povertraphics Powerbraphics
e Eracorel ErHITaL
ARESHar ARESHar
M =.039075
g8 =5.522
=141.023
s.502
20.5%
35.638
50.691
55,747
20.802
95,559
120,916
125,912
141,028

(b)

Fig. 9. Elasto—plastic stresses distribution 35 and 50 kg/mr’
of 0.6 mm groove for stainless steel.

MY =.02738%

BECENSCOR &

- 176 -



Avhg TEMA @istv)e)

4.3 A0 T2 BHAY SEREE

F1g 102 2o} ozdv]e] 4 WVhe/mr, TH 742 &
£ 04mZ A HSMIOC) =+ Bt
Ea iﬁ(STSéHO) °]

A

A UrEPx‘iTﬂz

HODAL SOLUT [0
3TEP=L
SUB =1
TS
JEXPANDED
Rty 18063
PowerSzaphics
LTACET=L
ARESHay
=.015152 DIt =.018401
MR 52,198 0 =208
] s =59.289 M =60.254
1 m v - e
5.5% 5.855
g 14.983 ou] 15.108
=
I 21,558
.o = 28,908
g = 24458
g 0258 4998
46.602 e 4
. g s
52.94%
-, O
39,289 £9.254

Fig. 10. Elasto-plastic stress distribution 20kg/mr at 0.4 mm
groove for SC and SS.

go) oaav e gL 20kg/mm’ a9 e & nelE
06meE HALT (@i LEAEMIOO), bl 20022
(8Ts410) 0.2 #2619 & “H e §HEX A% Fg 119

vebdoh #9 7Pae & A Fefl 555 MPa9 56.4 MPa
< AR & Zol7} 02m /M u ZZ 38 MPaAE
o] gy =&Y Ay, AA WAREY wE gxi
SHUIE FHRERAA & & QRol o}F wAF Kol
A
MODAL 3OLUTION HODAL SOLUT 10K
STCPEL o STEPSL
SUB =1 q 3B =1
TIME=L
/LXPANDED
BLQV (AVUG)
PomerSraphics PowagGraphics
ETACET=L ETACETSL
AVRES #Har AURESHMac
X = 015376 THX *.0L562
o hoan
- 2.209
=Ry
20.278
6.299
L3
B
- 50.339
$8.411
Fig. 11. Flasto-plastic stress distribution 20kg/mr’ at 0.6mm
groove for SC and SS.
Fig. 12014 & B3 $/A2 ZAS oW, y5e A
e ¥wEES Yehd slolth [LD20 4]oiA LD20S &8 9]
el o] o4 20 kg/mrell Aol HEE viebiin, 4% @ T

g A ey Y A
g & Zol 04mE vt TAA & 5 YRl T
Ziol7} 06mY w dEHe] wEo] =4 HAHEG "
wye A e & BEAYE FRET Jhed FEAA W
o) Wo] &ALy 28 udne] 4EHS Tt MAS W
waol Aojrt o AXs ey F Zol 04 met 06 me A
ol7b Ae] HAIEEA] S Tk

pei —— {020 4

Defarmation jmm)

SOBOY

DOEHE

3 &

Distance of Longitudinal fom}

Fig. 12. Deformation for distance of longitudinal at carbon

steel tube.

&4 Distance of Radiusy #% ¥4 A4S 7Fe
2 ourAsre] A 23 Ad#I B dAHE &
g wWas F#3 Aol Fig. 1301tk [RS20_41E A A
RS208 22 odxdivie 48 20 kg/miolA ol WA
wak ew wsE: deldy, 45 #E 7YY F ZHol
04mE ¢rgtt F ZAMgE FRA Sy =A A
HE AL ¢ 4 9n AF 749 F Zost 04dmRET
06me w 2¥Hol g4 =4 PS¢ 5 Uk

o ——RG 4

o R0E

= RS54

£, A RS 6

2 R0 4

= —=-RE0 B

0 3 [ £l [ £ (] El

Distance of Radius ()

24 b4

Fig. 13. Stresses for distance of radius at carbon steel tube.

4.4 HEE 4
AGH SdA] B ojzdre] o] o8 e 3 #

- 177 ~



oA A el
Fig. 14e]dh o
(SMBC)9 AdS G4 = s %Tﬂ dradre] ¢$EE
20, Bkg/mr 22 H0kg/mrE FFEE W #9 He & Z
9
L

FHe) HEH %%5‘4 A4 43
51

UE Ao

)

A
= T

olZ 04m& AL WHF Aol A2 001& EAL, 71
oA 2 AEA A Zol= 0.0102¢F 001012
bt g, AYde 2RE27HSTS410), B¥HSM250) &
oo S W ¥ 7YY & HolE 04ms AEA
00102 A== Bod, 79 & ZolE 06m
HE Apol7h 0014 A=E &+ AUTh

3

]

ZiolE 0.6 mn

Wrﬂrﬁﬁa

g Aol 0
A&

A A

4002 ]

LHE-R
7 20! min
5 0B~
3
E ooueap 0 38
‘_E SOE-T B 50 ket
2
I M-
£ TR
i = o =
SE-%

GIEHD
44 6 ud P13

crogie depth G006 daplh

Calbon Heel Stalniess Stesl

Fig. 14. Maximum deformation compare to SMI10C, SM25C
and STS410.

uiE AubelA Z&AQ dAgded 2y QA wrtE o
F71 98 AHgsle TEMA dxv]|e A48 33 ¥49
A AR AYZAS AAS] A8 ddan dRe d9
THY AATe] HEHA RAsE TR £ AEE 84
g A, Bu oA sleiAs e s dddnt
ol dadwist 3 §¥e] dAEES 4 4 U B
% 7Y & o}t 02m =/ W 57~6% A=Y ehAa
4 gEEHol st AL HolBE AIEdy ad 79
o HHAA 2A5E AT & Ut dEaz) Aue A2
WA mE g4 $EEde A% 7y & 2Ag H
Hol 59.3MPa¥ 602MPag] ¢F4 @x4s8e TAsin
2 1% W9 vlAg zpolek gtk & Zol7t 06 mY o =
dge] Wdo] =4 dAET: Adye] My AW Fe
F EAE RRuv kY FEdA wEge] wo) waEW
2o 2o gES U NS W ¥¥e Xolrt 9 A

HEAAY T EAE FEOA $Hol A TAHE A
& g g3 B 7YY & Zolt 04mET} 06mY
. 2L

ZolE 7] fEME A AR A9uRe A
sted g F Wy 9 $HATE 4Y dav) gl

{1] ASME(1998), Boiler & Pressure Vessel Code, Section
VIII, Division 1, 1998 Edition, Spring~Verlag, (An
International Code), pp. 258-269

[2] Owen, D. R. J. and E. Hinton(2006), Finite Elements
in Plasticity Theory and Practice, Eighth Edition,
Pineridge Press, pp. 215-265

[3] Heat Exchange Institute, Inc.(1992), Standards for
Closed Feedwater Heaters, Fifth Edition, Pearson
Education, pp. 11-14.

[4] Taborek(1983), Heat Exchanger Design handbook,
volume 1, Heat Exchanger Theory, Academic Press,

pp. 16-19.
[5] Korea Dictionary Research Publishing(1995), The
Great Encyclopedia of Mechanical Engineering,

Cambridge University Press, pp. A4.12-A4.13.

[6] Potter, Philip J.(1976), Power Plant Theory and
Design, Second Edition of Steam Power Plants, pp.
341-344.

[7] Hsu, T. R.(2007), The Finete Element Method on
Thermomechanics, Boston Allen & Unwin, pp. 53-76

[8] TEMA(Tubular Exchanger Manufactures Association),
Inc.(1999), Standards of The Tubular Exchanger
Manufactures  Association, Eighth Edition, Wiley-
Interscience, pp. 17-74.

1 i1 B, &E HMQ2000), HEl WAEoRERE gl

HELE, pp. 86-96.

) RE, PN &, Hm MEFRQ2005), MAIRA 20

SRk X B, 3CE, pp. 23-68.

Auy+d - 20113 058 02¥
AusAd 201149 069 13¢
AAEAY 20119 069 23¢



