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Abstract - Open rack vaporizer (ORV) has been used in liquefied natural gas (LNG)
receiving terminal in order to vaporize LNG into natural gas (NG) by heat exchange
with seawater. The U-type ORV which had been operated with seawater for 14 years
is one of the important utilities of the gas production and the weld part of tube
connected with header. pipe had experienced many corrosion problems. To elucidate the
cause of corrosion at weld part of vaporizer tube, corrosion potentials were compared
by parts. This study concerns on the measurement of corrosion pit depth using
non-destructive method and the evaluation of stress distribution in an aspect of safety
with finite element analysis.

In order to confirm the reliability of galvanic corrosion between weld parts and base
metal, the measurement of corrosion potential by parts was conducted for 20 minutes

in 35 %{(wt.) NaCl solution. Many non-destructive methods were tried to measure the
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remaining thickness of

vaporizer tube at fields. For general corrosion, tangential
radiography test was confirmed as an effective method.

In case of a fine corrosion pit,

the shape of corrosion pit was reproduced using surface replication method.

From collected data, stress

distributions

were uantitatively evaluated -with

2-dimensional finite element method and the diagnostic evaluation on internal pressure

of the U-type vaporizer could be made.
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: from classified parts with
respect to sampled position of
LNG vaporizer tube in 3.5 wt.%
NaCl solution after 20 minutes.

32 vz AEY=2
Fig. 3o v upe} 2

S5t ZAsa A ajot
1o

@ USRS B HUE $eoN RnE
7 e4HAS S RAFD Aok Bl &
AT WEANE AHE AARFLE 90 3
dstel F94F Atolch FFRANN Wtel
Aok dastel Agel EAsn 8E 2
8 BAF & ook AHH, ARH FHol o
st AR FEFAS 2AaUNY. B
gusaTel dsiw PAVES 42 £99)
4% AREAL Inmz $AY S A3

B Aa) ABe FANEd de AHE
AZ87] Astel UHS Fuste IRTAS
4%¢ 2% 314 mmz SAHYT. G
TR Agol o8 BHFA 28 ARHAE 24
W9l 5 % ol ¥ A0BA AAL AL
& ¢ 5 Qo AABFAN &R 2

g37k2%t8) A A5P A3E 20019 .94



- defect

.

(a)

(b)
Photographs for specimens on
film obtained from tangential
radiography test.
(a) defect in top position
(b) 90° clockwise rotation of
specimen with respect to
"B” position

Fig. 3.
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(b)
Fig. 5. Surface replication for corroded
parts
(a) LNG tube reducer with corroded
surface

(b) replica of corroded surface

Iv. 95t =7

TRAIE D BEHEAZH-E o|&3le 34
ARE EdEZ &4" BB g 98 &
HAFHEE T"rﬂﬂiﬁﬂﬁ—% o] &3ty &
Hotth R4 ME B9 Moo= AL fF
2484 Z2aWAN ANSYSTH ALEE Qo
o]F o] &3t 97FA] A9 HYPHA Ry
E7} 249 S Ao FREA A4S 5
A SHEEXE FH R YT Table 12 84
o AlgEolZ dFuFE 5 50869 71AH
A44dE vebd Zold

Table 1.

Mechanical properties of

Aluminum alloy 5086.

Yield
Strength
(MPa)

115

Tensile
Strength
(MPa)

260

Shear
Modulus
(MPa)

27,000

Young's
Modulus
(MPa)

77,000

Poison’s
Ratio

Elonga
~tion(%4)

22 0.33

Table 2. Maximum stress concentration with
defect shape simulated using finite
element method.(MPa)

Sﬁge;g round shape wedge

gg{iﬁt R=5mm | R=10mm | Shape
3mm 38.7 343 504
dmm 56.8 50.3 724
5mm 86.6 777 103.0
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(c) Wedge type

Fig. 6. Stress distributions of vaporizer
tube with defect depth of 5mm
and various shape.
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