M) B o=

A 24 A A 11 5(2012)/pp. 799-805

Korean J. Air-Conditioning and Ref. Eng. 2012. 11.: 24(11)

http://dx.doi.org/10.6110/KJACR.2012.24.11.799

28 E njo|ve WlH O A FZEF4
2% %72 5 8,8 4 =
FPAFRSE FFSFALD TG P FGATY

799

Thermal Structural Analysis of Steam Trap Bimetal Valve
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Dong Hwan Kim, Dong Hyun Kim , Gyeong Joong Ryu
Dept of Aerospace and System Engineering, Gyeongsang National Univ. (GNU), JinJu 660-701, Korea
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ABSTRACT: In this study, structural thermal analyses for steam trap valve considering contact

boundary condition have been conducted for high temperature and pressure conditions using non—

linear finite element method. Full steam trap model also including regulator and housing structures

is considered in order to accurately simulate the complex valve mechanism and investigate thermal
stress levels, and structural behaviors of core structural parts. It is typically shown that the present

computational approach can give very useful results for design engineers so that the operating

performance and structural safety of the steam trap valve can be verified in the design process.
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Fig. 1 Part view of the bimetal valve assembly.

Table 1 Material property to bimetal valve parts

’ Thermal
Young's . ) .
Poisson’s . expansion
modulus . densit .
[GPal ratio [kg/m"] coeff%aent
& [10 ¥/K]
Bimetal - 200 03 7930 178
FeNil8Crl2 ’ ’
Bimetal :
FeNi31Co8Cr6 180 0.3 8160 4.8
Bimetallic
Regulator : 113 0.3 4420 8.8
titanium alloy
Other
Internals =, 03 7850 16
Stainless
steels
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(a) Linear analysis result
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(b) Nonlinear analysis result
Fig. 2 Thermal deformed shape of single
bimetal at critical temperature
condition(5937C).
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Fig. 3 Comparison of thermal displacements
for the bimetal seat between linear
and nonlinear analyses.
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Table 2 Bimetal valve FEM modeling

Nodes Elements
BK-28 348,464 412,134
Regulator
BK-212 553,486 790,316
Regulator
- e
T,J Nl TJ/ HW
| \ / \
i /

(a) BK-28 model (b) BK-212 model

Fig. 4 Sectional view of the bimetal valve
assembly.
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(a) BK-28 displacement result

¥

(b) BK-28 equivalent stress result

Unit:{MPa

2.36569903

2.129128e3
1.80266803
1.655098803
1.418418e3
1.18284803
946.2794

709.70955

473.4397

236.56985

0

Fig. 5 Thermal displacement and equivalent
stress distribution for the BK-28
bimetal valve.
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(a) BK-212 bimetal valve displacement result
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(b) BK-212 bimetal valve equivalent stress result

(]

Fig. 6 Thermal displacement and equivalent
stress distribution for the BK-212

bimetal valve.
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(b) BK-212 bimetal valve displacement result

Fig. 7 Thermal displacement for the
bimetallic steam trap.
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Table 3 Material property to housing parts

Young’'s Mass Thermal
€S poisson’s .~ expansion
modulus . dens1t§1 o
[GPal ratio [ke/m’] coeffg:lent
[10 /K]
BK-28
Cover/body : 200 0.3 7850 16
HSLA Steels
BK-212
Cover/body : 200 0.3 7850 16
HSLA Steels
Bolt/nut :
HSLA Stecls 200 0.3 7850 16

Table 4 Housing FEM modeling summary

Nodes Elements
BK-28 138,081 685,805
Housing
BK-212 56,630 985,339
Housing

Table 5 Housing boundary condition
W
A =T
T MPa T MPa T MPa
BK-28 450 85 36 00 0 01

9%

BK-212 525 25 36 009 0 0.1
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001440679
0.01296611
001152543

0.01008478

8 644076e-3

7.203397e-3

5.762717e-3

4.322038e-3

2.881368e-3

1.440679e-3

a

(a) BK-28 displacement result
(a) BK-28 model _ welpr ]

B0 343626

54 314536

48 28544ef

42 266366

36.22727ef

30198186

24 169096

18.14ef

121109226

B.081827e6

—l (b) BK-28 equivalent stress result
(b) BK-212 model Fig. 10 Contour of thermal displacement and
Fig. 8 Transparent view of the bimetal type equivalent stress at BK-28 steam trap

steam trap models. housing.

0.01331355

0.01738219

0.01545084
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0011568813

8.B56773e-3

7.725418e-3

5704064de-3

3.86270%e-3

1.931355e-3

0

]—x (a) BK-212 displacement result
(a) BK-28 mesh model wh [

£7 B0B34ef

1 84838

46.08042e6

40.3324Ge6

34574516

28.8165566

23.05859¢6

17 300638

11 542676

6.78471fef

26.7676e3

(b) BK-212 equivalent stress result
(b) BK-212 mesh model Fig. 11 Contour of thermal displacement and
Fig. 9 FEM mesh for steam trap housing equivalent stress at BK-212 steam

models. trap housing.
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