EN2 AsIlA O 25

5287|4383 A A|11d A3ZE pp.22~28 20073 8¥

|g|.7|0| 0=|I:|:|oi X5 HA-I

Structure Analysis on Thermal Deformation of Super Low
Temperature Liquefied Gas One-module Vaporizer
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2)  Thermal

Abstract : Liquefied gas vaporizer is a machine to vaporize liquefied gas such as liquid nitrogen(LN>), liquefied

natural gas(LNG), liquid oxygen(LO-) etc. For the air type vaporizer, the frozen dew is created by temperature

drop (below 273 K) on vaporizer surface. The layer of ice make a contractions on vaporizer. The structure

analysis on the heat transfer was studied to see the effect of geometric parameters of the vaporizer, which are

length 1000 mm of various type vaporizer. Structure analysis result such as temperature variation, thermal

stress and thermal strain have high efficiency of heat emission as increase of thermal conductivity. As the

result, Frist, With—fin model shows high temperature distribution better than without—fin on the temperature

analysis. Second, Without—fin model shows double contractions better then with—fin model under the super low

temperature load on the thermal strain analysis. Third, Vaporizer fin can be apply not only heat exchange but

also a stiffener of structure. Finally, we confirm that All model vaporizer can be stand for sudden load change

because of compressive yield stress shows within 280 MPa on thermal stress analysis.
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Fig. 2 Geometry and mesh of vaporizer model

Table 1 Specification of analysis model

Parameters finless | 4fin75le | 8finS0le

Vaporizer Length(mm) 1000

Vaporizer mass(kg) 1.26 2.96 357

Vaporizer Area(mm?) | 0.455 1.07 1.29

Capacity(Nm’/hr) 20x10°
in / out diameter(mm) 24 /30
fin number(EA) 0 4 8
fin Height(mm) 0 75 50
fin thickness(mm) 2
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Table 2 Number of elements and node for various

models

MEEBIEELIEET R

Table 3 Material properties applied to structural
analysis (Aluminum alloy)

Parameters | finless type |4fin75le type| 8fin50le type

Element 7980 21282 31497

Node 15522 42745 63041
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Properties Value
Density 2.77<10 ° kg/mm®
Poisson’s Ratio 0.33
Tensile Yield Strength 280.0 MPa
Tensile Ultimate Strength 310.0 MPa
Young's Modulus 71,000.0 MPa
Thermal Expansion 2.3x10° 1/°C
Specific Heat 875.0 J/kg-°C
Relative Permeability 1.0
Resistivity 5.7x10° Ohm'mm
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Fig. 4 Temperature contours of vaporizer model
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Table 4 Results from structural analysis

finless | 4fin75le | 8fin50le
Parameters
out out out
Temperature[ C] -146.4 -70.7 -68.9
Heat Flux(W/mm°) 0.146 | 0258 0.181
Elastic Strain(mm/mm) 0.865 0.196 0.122
Stress[Mpal 6.141 13.907 8.645
Zidts Diteciion 4544 | 2893 | 2759
Deformation[mm)]
Total Deformation[mm] 4547 2.897 2.763
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Fig. 5 Total heat flux contours of vaporizer model
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Fig. 7 Equivalent stress contours of vaporizer model

Fig. 7 ol tig 718}7] 2de A-gst= d&
g5 Mgt 245 yeEhlal ok Table. 39 7]
371 2o Am B4 AdA Bxo| o= B 0%
& A=}t 280 MpaZA] 14 239 (a) finless :
6.141 (b) 4fin75le : 13.907 (c) 8fin50le : 8.645F 4
Al 7HA B2 25 d8Ho] JEAE Yo EAst
o 1 A7|= olF A yEhds & AUtk we
A oust Fejo 7|sy] Rds AMgsiEgE 3t
NE FE3HA

_L>,i
[>
re
4z
o
BN
2
rfo
Lo
fo
1
o
olN o
o3

=

z z

=) ]
(a) finless type (b) 4fin7ble type

Directonal Deformaton ( Z s )|
Miax: 2 000
Min: =1 165e-017
0T 00

o
(c) 8fin50le type
Fig. 8 Detail of x-axis directional deformation

contours of vaporizer model

- 26

&2
i)
(0/e]
rlo
ne
o
e
2
o
rot
N,
o
N,
td
1,
o
rE
ol
e

RUgpS

& AFHAL ARYF] hhA 43 Aol

5
=
=)
D
%
o
o,
o
rr
12
=~
o
go
Rl
Ay

N o

N

10 E

o K

Qom (b) 4fin75les} (¢) Sfins0le zt
mm ¢ 28 mm¥ FHS EHoli Utk
ARG AS 7= A57F oF 1.8w
AA BS & 5 UTh o474 Ao
o Aol EAlete A5 =
Ho] = &= At
g FA @9ste As
Me S7he 53 =2
%L 2= o]o%\:]..

rr

o Ay
2o o i ze

far b

(M 2 o
o ¥ <P

Ty
i—‘::‘z

e

o st

4 B S
o, M
o
2
=
d

o
o2 T 4y o
30
i)
i
b
=h
=}
T

o
S
3
2
X F

o

o

O
o

X,

4
Adole] Wsfe] wet WS oS
7hel wdle) god wstdge el 1000 mm<)
Bt FRVIAR Dot Skt 25 AL
7kl weh wgEe ) WY

T AL, A 7= 457t Aol

180 ~ 199 A= A7 P & -

Table 5 Results from correlation of 8fin50le type
(each length)

finless type model
Correlation
Length AT a \ b \ c
AT=0 0 Ay )
1000 mm | AT=23 -0.087 1.569 1.830
2000 mm | AT=73 -0.157 2.871 3.307
3000 mm | AT=123 | -0.228 4.104 4785
4000 mm | AT=173 | -0.297 5.367 6.257
5000 mm | AT=183 | -0.368 6.637 7.738
6000 mm | AT=193 | -0.438 7.908 9.221
7000 mm | AT=203 | -0.509 9.181 10.704
8000 mm | AT=213 | -0.578 10.431 12.161

Table 6 Results from correlation of 8fin50le type
(each length)

4fin75le type model
Correlation
Length AT a \ b \ C
AT=0 0 (A8F gla)
1000 mm | AT=23 -0.057 1.041 1.214
2000 mm | AT=73 -0.094 1.699 1.981
3000 mm | AT=123 | -0.132 2.387 2.784
4000 mm | AT=173| -0.170 3.069 3.579
5000 mm | AT=183 | -0.207 3.745 4.368
6000 mm | AT=193 | -0.246 4.456 5.197
7000 mm | AT=203 | -0.279 5.109 5.948
8000 mm | AT=213 | -0.324 5.585 6.829
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Table 7 Results from correlation of 8fin50le type
(each length)

At -

8find0le type model
Correlation
Length AT a ‘ b ¢
AT=0 0 (W = )
1000 mm | AT=23 -0.055 1.004 1.171
2000 mm | AT=73 -0.095 1.723 2.009
3000 mm | AT=123 | -0.135 2.439 2.844
4000 mm | AT=173 | -0.157 2.822 3.292
5000 mm | AT=183 | -0.192 3.474 4.051
6000 mm | AT=193 | -0.227 4.098 4.778
7000 mm | AT=203 | -0.260 4.690 5.468
8000 mm | AT=213 | -0.299 5.394 6.290

Fig. 9 #o] gl= 713}7] 24 1000 mmel g
AP Uehd Rolv, 2H7ke] A475E Table
5%El Table 7744 YRtk A(De 2% o)
of @& Zolo MK e,)S HERZ] st AL
5 27 ®zHoltk o7]4 A, B, Ct Zol9] W

ol A== A4 (Correlation)©]t}.
2
e;,=AL*—BL—C (1)
6 @ Finless type model : Length(1000 mm)
—— Plot 1 Regr

5t
4k

T

E 3

&
2r (3 A B c

y= -0.0871x% + 1.5699x - 1.8305
1k
[

o} @ Correlation

6 2‘3 7‘3 1‘23 1;3 1‘83 1 53 263 2‘1 3
AT[°C]
Fig. 9 Quadratic
variation of length according to temperature
different

interpolation equation apply to

Ny

Ikl

H

19

5
8o = or &

4 e
o

AT o

2) A A, #] IFol WFLADAF FF
wrhe A AgaE, 9uE m
]

5 34 =de] A g ﬂJ ¢ 2 G IFgE
FE= 280 MpaZA finless : 6.141, 4fin7Ale :
13.097, 8fin50le : 8.851EA RE 713}7] Rde &
$9& FELE ol EAEER fAHad R

iﬂ%)ﬂ THAE FE3] AE F Atk

Jate] AMeHE 22 B3HA e,= AL’— BL— C%
Correlation(Al5)S 45 & A
=z 7
2 dite AR RS} sk s e A
AHARJNHSFAAN, At 294 BK21 A

1. Lee, G. S, Chang, Y. S., and Ro, S. T., 1995,
"Thermodynamic Analysis of the Extraction
Process and the Cold Energy Utilization of
LNG",
and Refrigeration Engineering, Vol. 7, No. 1
pp. 120~131.

2. Kim, Y. S, Cho, C. H., Kim, Hyo., Lee, J. H,
and Mok, Y. I, 1994, "A Study on the
Calculation of Basic Thermodynamic Properties
of LNG/NG", Energy Eng J, Vol3, No.2, pp.
256~ 264.

Korean Journal of Air- Conditioning

_27_



10.

Han, J. M. and Han, Y. S., 1993, "Review on
Welding Technology and Welded Joint
Strength of GT Membrane Type LNG
Carrier”, Journal of the Korean Welding
Society, Vol. 11, No. 4, pp. 24~35.

Hong, S. H., 1995, "Present Status and
Prospect of LNG Storing Tank”, Journal of
KWS, Vol. 13, No. 3, pp. 1~7.

Choi, K. I. and Chung, H. M., 2000, "Analysis
of a cryogenic Nitrogen-Ambient Air Heat
Exchanger Including Frost Formation”,
SAREK, Vol. 12, No. 9, pp. 825~834.

Park, J. S. and H. M. Chang, 1997, "Analysis
and Design of LNG Open Neck Vaporizer”,
SAREK, Vol. 9, No. 2, pp. 189~197.

L2006, HED, HAEZ CAE dAUE 93 &

§'_]_. o AH

T 0 .

- 2002. B/l =dlle], AAE, ANSYS X

S|
ax

. Cho. M. G, Lim. ]J. I, Song. J. I, 2000. Thermal

stress analysis of STS Label with Finite
Element Method. RIST #H7e3m3C, 5 144, 5 4
W pp. 483~488.

K. S, Kim, Y. S. Kim and ]J. R. Cho, 2006.
Structure Analysis of a High-Pressure LH2
Storage Tank for Vehicles. 2006 16th Korea
ANSYS User's Conference. pp. 37~42.

_28_




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


