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A Study on the Numerical Analysis of Thermal Fatigue
According to the Design Variables of Vacuum Insulated Pipe
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Abstract: Because the magnetic bearing supports levitating body without contact, wear, noise and
vibration are very small compared with mechanical bearings, compared with it is very useful to high
revolution machinery. In general, the magnetic attractive force function that is proportional to square of
control current, and inversely proportional to square of an air gap has been widely used. This paper
proposed the new magnetic attractive force function that is proportional to cube of the control current,
and inversely proportional to square of the air gap. The function was optimized to minimize the cost
function that is the percentage of deviation about the change of a proportional constant, using the
experimental data, ie, control currents and air gaps. Consequently, it was found that fatigue life are
1.744x106, 3.572x106 at case of joint and bellows type. Therefore, it is judged that bellows type is

advantageous than joint type in the use of same size.

Key Words : Vacuum Insulated Pipe, Bellows Type, Joint Type, Thermal-Structural Analysis,
Thermal-Fatigue Analysis
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Fig. 1 Types of vacuum insulated pipe

Table 1 Design parameters of vacuum insulated pipe

Parameter Value

Vacuum insulated pipe type bellows, joint

Pipe length (mm) 2,000

Pipe diameter (mm) 15, 50, 100, 150

Insulation thickness (mm) 15
Insulation material polyurethane
Pipe material SUS304
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Table 2 Boundary condition for thermal structural

coupling analysis

Boundary condition Value
Inner tube temperature -179°C
Outer tube temperature 22°C
Convective heat transfer coefficient | 6.5 W/m> K
Radiation rate of pipe 0.1
Radiation rate of insulation 02
material
Internal pressure condition 320 bar
Vacuum pressure 10° Torr

Table 3 Boundary condition for thermal fatigue

coupling analysis

Boundary condition

Surface roughness factor | Polished
Short-axis stress .

.. Von-Mises stress
condition

. L Goodman corrected
Stress life estimation .
equation

Load type Ratio
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Fig. 2 Thermal structural coupling analysis result
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Fig. 3 Thermal fatigue analysis of bellows-type pipe
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(b) 50 mm
Fig. 4 Thermal fatigue analysis
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(c) 100 mm
of joint-type pipe

for vacuum insulated pipe

(d) 150 mm

(d) 150 mm
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Fig. 5 Thermal fatigue according to type and size of
pipe

3 A= A4

we] SRl wek @
e E-T
I AR =t
UEbgon, d4¥

B

(o]

o

“(joint type)
of AR F5E B (bellows type)

ARelM "E

o L
_1

oM mH
o

]
&

o
o

4 Lo

[ex]
=

[0 B o 41 X o o2
o}

O o 3

Bl oft o

3.2 g-I|=sllo Za}

A AlYS E-Fx dAslAA EAE E
29 dolHE HE3t Y 3, -2 3§ 4
2345 wi#y =77 9 e WSl ot o)
Fig. 3% Fig. 4o Yeplth. E-m=2s)4 A3,
wj#el 27171 150 mmS] A% b #e A= &
H& YER o Ao 24
1.744x10° 2.t}
3.572x10°2.2 ¢

o oftt
Lo

- A

B9 27t BYF AS NEFPS weP A
A A FEY 39 Aol FRHOE F O A7l
Sthn BHEL. 3 F A BE FURA
92 FHol AsEE AL HAY + glew, of
£ g7z asdely e Y wo) o
i BYE AR JeiE Ao, FUT W
o MM e So WHHE PEe| £
of #A YERIE Aos weEn 9.9z
Asg & o FAHOR HUs] Al Fig. 50

S25w, B, MBAGe weh adz e
Woick Me] WAL arkA) Frle) AeR 1A
@ ¥, Bl W) e WEsy B2 A FE
W W dAgol AT AoE BHEL, B
2718 W25 Fo|§ HolmE FF 27
Wae 278 & o zdsd AR

3|
stel 27189 A7t aFE

2] &)

o

oL}, ol SUS 3049 3&
2 T2 Al ASHAG

3) AFAE uiHe d-1 =23
7ol 150 mm¥ = HA TEF
4ol H24H 1.744x10°K.Th
3.572x10°2 o =A JEelston, =
717t YT A FEE 4 Agol AR

4) JAFTd e d-m=24 Az, aHe
I7EE 92y 3ol Holmng 3 AP
gddude] A4 WHIs £ o =dsiA AAs)

A

i

S S HIAISHY ] M22H M4z, 2018 88 15



el

2 FARAFE)E 2R FFATA T A
o2 AU Wol YR AHREY ASHY

AZHSHLINCY) S84 9] AT Addyet.

1.

References

D. S. Lee, 2009, "A Developing Tendency of
Liquefied Natural Gas Carriers", Journal of The
Korean Society of Marin Environment & Safety,
Vol. 15, No. 3, pp. 269-274.

. D. H. Lee, C. B. Jang, S. Y. Jung, J. H. Kim,

H. S. Lee, B. S Kim and J. W. Ko, 2010,
"Study on the Comparison of New And Used
Reliquefaction System of Boil-Off-Gas by LNG
Cold Energy", Journal of The Korean Institute of
Gas, Vol. 14, No. 1, pp. 42-46.

.Y. P. Lee, Y. H. Shin, S. H. Lee and K. H.

Kim, 2009, "Boil-Off Gas Reliquefaction System
LNG Carriers With BOG-BOG Heat

Journal of the Society of Naval

for
Exchange",
Architects of Korea, Vol. 46, No. 4, pp. 444-451.
(DOI:10.3744/SNAK.2009.46.4.444)

.H. Y. Kim and B. H. Kang, 2002, "Thermal

Insulation Technology for Cryogenic Cooling
Devices", Journal of the Korean Society for

Precision Engineering, Vol. 19, No. 11, pp. 24-30.

St2= 37| A3 etu X M223 M4z, 2018 82

STE il AU Hatof| IE E-m= SX[siM

5.

10.

o

S. W. Hong, C. S. Seok and J. M. Koo, 2015,
"Study on the Fatigue Life of Spiral Welded
Waterworks Pipe Material", The Korea Society
of Mechanical Engineers, pp. 2395-2398.

H. Y. Lee and Y. Kim, 2014, "A Study on
Thermal Performance for Damaged Vacuum
Insulation", Architectural Institute of Korea, Vol.

34, No. 2, pp. 319-320.

. J. H. Lee and J. S. Lee, 2011, "On the Fatigue

Analysis of Large Crane Pedestal in Drillship",
Journal of the Society of Naval Architects of
Korea, Vol. 48, No. 4, pp. 342-345.
(DOI:10.3744/SNAK.2011.48.4.342)

. B. L. Choi and H. Chang, 2010, "Prediction of

Thermal Fatigue Life of Engine Exhaust
Manifold under Thermo-mechanical Cyclic
Loading", Transactions of the Korean Society

of Mechanical Engineers, Vol. 34, No. 7, pp.
911-917. (DOI:10.3795/KSME-A.2010.34.7.911)

. M. S. Kang. W. N. Yun and J. S. Kim, 2009,

"Investigation of the Thermo-mechanical Crack
Initiation of the Gas Turbine Casing Using
Finite Element Analysis", KSPSE, Vol. 13, No.
5, pp. 52-58.

R. T. Dewa, S. J. Kim, W. G. Kim and M. H.
Kim, 2014,
Alloy 617 Base Metal and Alloy 617/Alloy 617
Weld Joints under Low Cycle Fatigue Loading",
KSPSE, Vol. 18, No. 5, pp. 122-128.
(DOI:10.9726/kspse.2014.18.5.122)

"Evaluation of Fatigue Life on



	진공단열 배관의 설계인자 변화에 따른 열-피로 수치해석 연구
	Abstract
	1. 서론
	2. 수치해석
	3. 수치해석 결과
	4. 결론
	References


