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Steady State Thermal Analysis and Sealing Performance of Flange Joint at
High Temperature
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Abstract: To study the thermal insulation of bolted flange joints at high temperature, the temperature field and
flange stress of WN100-100RF bolted flange joint were simulated by ANSYS Workbench at 400 “C. Resulis
show that the highest and lowest temperature of the uninsulated joint are 400 °C and 257.16 °C, respectively,
while they are 400 °C and 390.1 °C for the insulated joint correspondingly. Moreover, the highest temperatures
of the uninsulated and insulated joints appear at the inner wall of the flange and the pipe, and the lowest
temperatures of them appear at the outside of nuts. The thermal energy efficiency of the insulated joint can reach
94.97 % . Additionally, the maximum stresses of the uninsulated and insulated joints are 294.25 MPa and
297.85 MPa respectively, and the maximum gasket compressive stresses of the uninsulated and insulated joint
are 103.44 MPa and 110.42 MPa.Therefore, the thermal insulation treatment has little effect on the sealing
behavior of bolted flange joints under the given conditions.
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Fig. 1 Flange dimensions(unit:mm)
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Tab. 1

Physical properties of flange and gasket metal

(0Cr18Ni9)

PERESHL
parameter 0 100 200 300 400 500
pl(kg/m® 7930 7930 7930 7930 7930 7930
MW/(m-C)] 167 167 - 201 - 222
C,/[kg-C)] 502 487 502 519 540 -
E/MPa 19900 19900 18 900 18 200 - -
7 0.285 0.287 0.295 0.304 - -
a/ 107 C 17 174 18 18.6 19.1 -
o/MPa 137 114 96 85 79 74

IR temperature / °C

F2 WA RIEE(35CrMo) B #HEY M IR 14 2
Tab. 2 Physical properties of double headed studs and nuts
(35CrMo)

TERES R

IR temperature / °C

parameter 0 100 200 300 400 500

MW/(m-C)] 43.469 43.22 43.091 41.116 39.621
C,//(kg-"C)]1485.56 539.97 54835 59439 648.81 736.31

pl(kg/m® 7900 7900 7900 7900 7900 7900
37.35
E/MPa 216 075210312206 418 197 926 189 365 180 214
u 0.286 0.293 0.295
a/10°°C 123 125 131 136 14 14.3
o/MPa 228 206 196 189 170 79

0.288 0.288 0.281

F3 RIBR(AR) MR RDE R
Tab. 3  Thermal physical properties of insulating materials
PEBES AL
parameter 38 149 204 280 316 371
pl(kg/m’) 75 75 75 75 75 75
MIW/(m-C)] 0.035 0.051 0.063 0.074 0.091 0.1
C,/Dkg-O)] 02 02 02 02 02 02

T4 BERILZSERWIEEEE

Tab. 4  Thermal physical properties of bolt holes

PERES 4L
parameter 15 100 200 300 400 500
plkg/m®) 122 0946 0.746 0.615 0.524 0.456
M[W/(m-°C)] 0.0314 0.0435 0.0607 0.0823 0.109 0.142
C,/(kgC)] 1.005 1.009 1.026 1.047 1.068 1.093

I temperature / °C

I temperature / °C

x5 FEZEAZSEEAYEEL
Tab.5 Thermal physical properties of air layer between flanges
PERES AL
parameler 15 100 200 300 400 500
plkg/m®) 122 0946 0.746 0.615 0.524 0.456
MW/(m-C)] 0.026 0.368 0.573 0.855 1.229
C, //(kgC)] 1.005 1.009 1.026 1.047 1.068 1.093

I temperature / °C

1.707
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Fig. 2 Mesh of uninsulated joint(unit: mm)
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Fig. 3 Mesh of insulated joint(unit:mm)
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Fig. 4 Paths of flange joints
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Fig. 5 Temperature of uninsulated joint(unit: °C)
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Fig. 6 Temperature of insulated joint(unit: °C)
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Fig. 7 Temperature comparison of flange along each path
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Fig. 8 Temperature comparison of flange along path 3 and 4
FIFH ANSYS Workbench H1 1Y) Probe I)j B £ BX
VR A D0 42 Sk 50 A7 1 A A 300 ) oy < R R R
Pk BHEI R P, =336.75 W, {3 iR 45 3k B o)
R P, =16.941 W3 Pl H2 3K 1 1 RERSCR R

SIS
=P

1

336.75-16.941
336.75

22 EENAHWH
PR L 2 B R G AE LR B S AT

[ 343 A FEAE AL 9 FN I 10 T s .

F s AR 45 g 43

Equivalent Stress

Type: Equivalent(von—Mises) tress
Unit: MPa

Time:3

2017/1/20 15:14

294.25 Max
261.59
228.92
196.26
163.6
130.93
98.269
65.605

l32.942
0.277 95 Min
B9 KRRBEKXNAF(AM:MPa)

Fig. 9 Stress field of uninsulated joint(unit: MPa)
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Fig. 10  Stress field of insulated joint(unit: MPa)
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Fig. 11 Stress comparison of flange along path 3 and 4
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Fig. 12 Stress comparison of flange along path 5 and 6
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Fig. 13 Gasket compressive stress of uninsulated joint(unit: MPa)
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Fig. 14  Gasket compressive stress of insulated joint(unit: MPa)
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Fig. 15 Compressive stress of gasket along path 6
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