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A Comparative Study on the Effect of Heat Transfer BC
between Debris and Lower Head of Reactor Vessel in

severe Accident

Kim, Chang—Sung

Department of Mechanical Engineering, Graduate School,

Korea Maritime and Ocean University

Abstract

The objective of this paper is comparative study on the effect of thermal
boundary condition in contact area between debris and lower head of nuclear
reactor in severe core melting accident. It is focused on the structural
integrity of lower head and ICI(In-Core Instrumentation) nozzle under pressure

and thermal loadings in severe accident scenario.

The core debris in severe core melting accident may be relocated to and
accumulated in the reactor pressure vessel lower head. In case of insufficient
cooling, the excessive heat would drive the overheating and melting of lower
head and ICI nozzles, and hence govern the vessel failure mode and timing.
The recent idea in the management of severe accident is that the relocation
of molten could be arrested at the inside of lower head by external flooding

at the outside of lower head.

The boiling heat transfer was applied in the outside of lower head to the
cavity water. It was suggested three kinds of thermal boundary conditions in

contact area between debris and inside of lower head:



(1) applying the heat flux by natural convection of the heat-generated pool.
(2) applying the perfect contact area by assuming one body.

(3) applying the thermal resistance by assuming gap between solidified

debris and lower head.

The steady state and transient heat transfer analysis were carried out to
calculate the temperature of lower head applied boundary conditions. The two
dimensional axisymmetric models were used to verify the integrity of the
lower head. Meanwhile, the three dimensional models were used to focus on

the integrity of the ICI nozzles.

It was found that the head temperature at the contact area heat up to

melting temperature and the head causes damage.

The standard of safety evaluation for structures in high temperature
condition is using the strain. The strain value of result for structure is not

exceed allowable strain.

The analysis of according to cooling water temperature for two-dimensional
heat flux model and contact resistance model is performed to compare with
heat flux of outer wall in each temperature condition. This result is indicative

of similar in each location.

And the result of tree—dimensional structure analysis is performed for heat
flux model and contact resistance model. The boundary condition is same with
two—dimensional analysis and also the result of structure analysis is not

exceed allowable strain.

The creep effect should be considered under the high temperature
Therefore, the creep effect is included in three—dimensional analysis. The
strain value of result for creep analysis is larger than model without creep
creep strain is approximately 4~6%. The result of creep analysis is evaluated

safely, because the strain value is not exceed allowable strain value.
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Fig. 3 Front view of lower head

Fig. 4 Top view of lower head
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202.55

[Unit : inch]

(a) Geometry and dimension of Lower Head

FLEMENTS

PLCT NO. L.

(b) 2D FE model for heat flux model
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ELEMENT &

MAT  HUM

(C) 2D FE model for contact resistance model

ELEMENT &

MAT HUM

(D) 3D FE model for heat flux model
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ELEMENT &

(E) 3D FE model for integral model

Fig. 5 Applied geometries and FE models
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{mmaal] ¥

¥ {Trianguiar Option)
:'L{-;I radial}

(a) Thermal plane of element type number 55 in ANSYS

Lf A

{Trianguier Option -
}H or radial) naot recommended)

(b) Structural plane of element type number 182 in ANSYS
Fig. 6 ANSYS element descriptions use in 2D analysis
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Prism Option

Tetrahedral Cpticn
MO P

DO

J
Pyramid Option

(a) Thermal solid of element type number 70 in ANSYS

MMN,G.P
[
K.L
{

Tetrahedral Option -
not recommended

(b) Structural solid of element type number 185 in ANSYS
Fig. 7 ANSYS element descriptions use in 3D analysis
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3.1.2 A8 71434 EA

3.1.2.1 Inconel 6909] 71413 &A (Nozzle)

Inconel 6902 YA-IFS FAZ st WEFFLZ WEAdo] ol 900TC
ol’de] e AHlolA  Atstol] At &S S tivleA A Re
UREAQl BAAHT JAAARE, FEAE T o8 7R 7148 dZo] 600C oAM=

___ X

258 S4o2 new ng A A4EEAL AH TR Bol

Table 12 AZA}Q1 SPECIAL METALSAIA AF3 Inconel 6909 & % 743

= o)},

Table 1 Material properties of inconel 690 for nozzle

Tempera | Thermal | Specific | Young's Mean linear | Poisson's Density
rute conductivity | heat Modulus | expansion Ratio (kg/m?)
() (W/mK) (W/kg K) | (GPa) (10"°m/mK)

100 13.5 471 202 1.406 0.29 8193

200 15.4 497 196 1.443 0.3

300 17.3 525 190 1.453 0.31

400 19.1 551 183 1.48 0.31

500 21 578 174 1.519 0.3

600 22.9 604 164 1.57 0.28

700 24.8 631 160 1.618 0.28

800 26.6 658 150 1.66 0.3

900 28.5 684 140 1.701 0.3

1000 30.1 711 19.6 1.741 0.33

1100 - 738 17.76 1.779 0.36

1343 - 8036 14.08 - -

1377 - 8120 13 - -

1400 - 900 12.25 - -
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Fig. 8 o= &9 2 843} A= o] 71F % Inconel 690 FF9 =2

Temperature, “C

0 100 200 300 400 500 600 700 800 900 1000
| ] I ] 1 1 ] 1 ] ] ]

120 T T T T T T T T {800
o INCONEL alloy 690 (Solution Annealed)
- 100 | | | | {700
= ~<] T v ¥
S ~— Tensile Strength | s
o "-l-u.._,___'__,_ -
£ N7~ g
w \ H 500 =
60 7]
400
Elongation \ E
3 a0 L NTT—— e N 300 &
> T — \
g : —— 1200
o - Tensile Strength T
i {0.2% Offset) 100

0
0 200 400 600 800 1000 1200 1400 1600 18002000
Temperature, °F

Fig. 8 Tensile properties of annealed Inconel alloy 690
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3.1.2.2 &A%} SA-508¢ 7]A& A (Lower head)

Table 1 & ASME Pressure Vessel Codedll A #| &3+ SA—508 grade3 class19 &

2 /1A% S4el,

Table 2 Material

properties of SA—508 grade3 classl for lower head

Temp. Thermal Specific Young's Thermal Poisson's Density
() conductivity heat Modulus expansion Ratio (kg/m?)
(W/mK) (W/kgK) (GPa) (107°/K)
100 | 406 481.5 187 1.21 0.3 7750
200 | 40.1 526.9 181 1.27
300 | 387 566.16 174 1.33
400 | 36.8 607.99 167 1.38
500 | 34.8 663.27 158 1.44
600 | 32.8 743.8 147 1.48
700 | 276 814.94 133 151
1407 13150 12.25 =
1501 13820 S -
1600 1400 2 =
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3.1.3 34 =4

dAge] FEdE dd Wy x=4le]l &FEH AMIXEIL ol IRI==
Sy oAl "ot st #d =4dA Fydo] IAlsty dxgo] AlAETT
E=AEEEY] AHe wetA 37HA9 BAIEAS THEste M S AT

d A ol FaEe PRI HSe Fig. 113 2ol 150tone] £FE
gt 2= H2 Yol FAE Yoz A tEAst o]F 1.72MPa
(250psD) ] =z Fatste] 247t A gste] A=A AT dEH HEHE
sl =e) o] AxEz Agsgon, d 4 oF A §§HS VFeR
VEXEE He f&av mo As JHEER, o 2ae FEFH A9
Bl ES BASE AT GR A6 oo] pxsH FYANE o
Ao 2 HEdAS st

Tz %rld "Bad yole= ASME Section VI, Division 2"%& Alg3le] g4
2 A4E nystden, FuA =A% QWe YES p&se X 24Ege

o
&
4ol E#Uigly] Aol sFF=e nigEe & FE(water cavity)ol FA0o]
&
=

Ago] dolyth olue] AMG AfE Fig. 100 Jept Atk

2} A TA(debris) SHET HIE srdEe] Yo 9 AAziol
A8s) 47] oY) WEe] BT Bol $71AZ A,

>,
oo
do
e
o,

2
o
N
fr
M2 1R o

=

F48 Z4xo ugt gE FS 7HAH, o] FHEL AFg=E
2 23 AagoA 3k

gRE Y MEH T U &Y Fart olFolA

< (heat—flux)E= Nukijama curve

> ok
g N & K
o o
2
Rl

1A
o
o
9
1
~
2,
£ 2
Lo

a9 Fig. 11, Fig. 12= W#9 € &5 S dehia ok
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: 9AE =4 (Integral model)
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MATERIALS HF PREVIEW

8000
7200
6400
5600
4800
4000

3200

HEAT FLUX (W/m?K)

2400

o 400 800 1200 1600 2000
200 600 1000 1400 1800

TEMPERATURE (°C)

Fig. 10 Convection boundary condition for the vessel outer

wall

BAT N

172MPa

L72MPa

1.757MPa

1799MPa
1.83MPa \ £
1.849MPa \\ 4

1.855M P
i LY Direction constrained

Auis-symmetry condition

Fig. 11 Boundary conditions for the vessel in all 2D Structure

analysis case
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500000
BOZ2400

170000
140000

Convection 30 * C
Temperature dependent
Convection coefficients

Fig. 12 Thermal boundary condition and heat flux for the
vessel in 2D heat flux model

Asan Lower head Initial Temperature - 260 ° t!ﬂ v

BAT N

Heat Generation : 2.36 =6
Initial Temperature: 2850 30 = C

Convection30° C
Temperature dependent
Convection coefficients

Fig. 13 Thermal boundary condition for the vessel in 2D
integral model
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Asan Lower head Initial Temperature : 260 ° C 1 \N

BAT N

Heat Generation : 2.36 =6
Initial Termperature: 2850 30 ° C

i Convection 30°C
Link - Emizsivity : 0,8 Temperature dependent
Link = Canvection Caonvection coefficients

Fig. 14 Thermal boundary condition for the vessel in 2D

contact resistance model

TYPE NUM p
Y-Dir Fixed

Symmetry
Condition

Fig. 15 Boundary conditions for the vessel in all 3D structure

analysis case
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e Lower head Initial Temperature : 260 ° C

TR AU

170000
140000

Convection 30° C

Temperature dependent
Convection coefficients

Fig. 16 Thermal boundary condition for the vessel in 3D heat

flux model

WIEUMER

TEE Lower head Initial Temperature : 260 °C

Heat Generation : 2.36e6W/mA3
Initial Tempemture: 2850 * C

Convection30°C

Temperature dependent
Convection coefficients

Fig. 17 Thermal boundary condition for the vessel in 3D
integral model
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3.2 €39 4
AAY e ABE FRAM A Ao ALY sl I o, a4

FANE oF Ao AB AT

3.2.1 €43 Qo i3 713
dHY A4 A ol 2e S AT

1) @< 2o F¢ & A4S FAE F U

2) BE ¥ HHL 2% uwE Y F(convection) I, FH =*=E JIH9
7 (convection) L 2% W3t FFE 259 Wl wa HIEER
283 At

3) YAZ UHFE &&F F FTY dAdGe AAdF EHALYEA E stEY AHE
Wzl A7 (Rayleigh—Benard) 9] &% &8 & T& °F9 @ #F%9]
ST ol d-f& PELS I U Ruxlls 23 gn
4) WF & 52 Aux @ A58 fsdd mE o =g gxd wEt tE

6) S4% AAY mUe §§27 RIS Aol Fol glow, Awd ol
go] o] FolAE Qo AR

) 2D §4%ol AW A4 A §4EF HRAS Aolo] ImmAEY ol
gom, 1 F AldA BA R el skl gRgol oFolAE Aoz
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3.3 &—-42A 4
sk =9 A s SA508 Grade 3 Class 1 ©]a, ®¥E A}aRE /A=
B — X & A A (elastic—linear plastic)e] &L 71xx ot

Fig. 18, Fig. 19& 1&0] @& HAAF ¢ guggoz Furad!l’o Auas
AgEt] A sl paon, e Zvt wek A 2 8 o pase
Aol itk

3.3.1 9& J1&

Agtros A%A Jge] nHEge ¥ F£7]FS Berman'? Bohl ¥}
Butler'™'7} Alg3t9 . S7}A2AW 3 & (equivalent plastic strain) o] 71%& &
g&E7|FolA, 57 2AAWHPEE A
— 2 4
Gp:T[(61_62>2+(62_63)2+(63_61)2]05 8.1)

Bohl # Butlero] wWz2wW, 3£ S71A2A4WMEE0] 12%0]UdA dojdtrs
Aolm, Bermand 18%°clWateE T2 A7l Atk F&£3dA o=z & (rupture)ol
71%2 T3 Ghosh”"e] 2w elegjo] Ao mHéo] Yot}
€pg = €pmaz (3.2)

€pmar © AN FAAHYPE (maximum principal plastic strain), €y =
&4 W3 E (failure plastic strain)o]al ofgfe] Ao = FE & HE E o
T3 F .

1+4—1.2 —0.
epg=126.1[%}(1+52+125) 00 (3.3)
BeFse Aol=
1.54+2.56 €

e 5:— .

f= 551156 6 (3.4)
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o] 71#& ALl e AR SAFIoY YoM AFH 12% == 18%

o] At ol AAARY FEv|ES dubdo=z A4 F7F WY E(plastic
equivalent strains)< ZAEZ T3 QoM 13%94 18% BYP= wa=z9 gro|d).

BEE AT o]&d el e o & HE, F 50%904 100 WA=
YUEhbA] et

|

wsH o Wk Holqor & Aolth ojeld %4 sl Shockey? =
N, Bl 2A%E A4TES] 71 de =UESATE MnS, ARO3SH 22 A
Z(inclusion)ol| A A o] TASAY A Fo] 7] A Z(matrix steel)ol| A 2] (debonding) =]
A 7]Eel AR TbE 2 AEdlA 7lEe] AlAtstar MEEd S SR
wel e AEoNE 7Tl WA

A533B &A1 AAAEH zZ o 3}
71%o] WAshE Ao g PG 91
TIOE AFSA Ha, & g& aH(UF)s°
g3 N2 ddse] seo] APw

[N
rlo

a

7]

\

F_EL
F&

BB EC] 11% 4 ©W HEo] dEHo
Aol Srtshd 7€) A9 Ve
| ARG 71go] AAstuA A4
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12 I - I
) Y
X
08
06
. 8 === Tangent
04 E modulus( Gpa |
[ - —
02 ! — e
4
0 3
0 500 1000 1500 2000
Temp(C)

Fig. 18 The material property of tangent—modulus at high

temperature
25
20
|}
L}
15
L]
1
10 \ #="Yield Stress| Mpa )
5 \‘
a \
0 500 1000 1500 2000
Temp ()

Fig. 19 The material property of yield stress at high temperature
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3.4 A= 4

aez sjge] AYHA FAHC] 9 W, Azte] EFo| weh Az WFol
Foste @902 FEABANE FedNE A =2 S} flou, medAE
FAG 5 Q. 2 18T Al ALAE WPol FEEE Ay, Bl
Wael AEe Wash Ag QAN AFAE A WFel FEE2 AYste]
shero] o],

I Fig. 20 oA Hz RES Al "z, F3E A7 Az, HFY
nRs 37 magyzgtn st BEYW mglz 2de Table 39 Ul don
ANSYS 3|4 Z2 oA AFEEH A= A= Edo|n,

Table 3 Creep strain of equation

. ¢, (1)
I . Primary Creep e=¢ (T)acz”(T)t%”(T) P acz“(T)tcf‘“(T) i
p 1+ Csp
. c s( ) C:
II. secondary Creep e=c, (T)G%S(T)tcag(T) "/ 1 O_CZp(T) [t o (T)
5 P 14c,
. c(T) . .
1. Tertiary Creep o= clT<T)O,CzT(T)tGJT(T) e=e + 1T o o (T) [t (T
M e oY

Table 4 Parameters of the primary creep curve for the SA508 grade3 classl

T[C] |467 522 578 633 689 745 800 856
Cip 6.6e-27 | 2.7e-31 | 1.8e-42 | 8.1e-28 | 3.5¢-44 | 5.4e-47 | 4.6e-47 | 2.5e-47
Cop 2.85 2.8 2.28 231 231 2.27 2.27 2.5
Csp -0.17 -0.18 -0.31 -0.31 -0.32 -0.32 -0.32 -0.3
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4 FAILURE

.g """""" Secondary “Teiary
7 Primary
Elastic
Time ,
Fig. 20 The segment of creep model
strain
04
03 /ﬁ"‘"‘%
0.2 0’"
01 =4=strain
0
0 200 400 600 200 1000

el

Fig. 21 The creep strain in accordance to temperature
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34.1 28 = v£& 29

H3Y AFo] ALgEH|A ZFEEZ HE Ede Larson—Miler W (LMP) 281
FHE e A Aded 7122 T gt

the2 LMP WSE F8he 2otk
LMP=0.001(20+log,t, )T

(3.5)
t, & 357] AFEE Ak (hours), TE #BZ2%(degree Rankine)o|t}. Table
5 & 43 doHE ez 2 HggHd wg F&EAR 2 OLMP WS 3
Qe)etsie.

A1) & FEAE)E T Aoz WAsd te 2

+ = 2303[(LMP/0.001T) — 20]

(3.6)

Table 5 #& 7|FL2 2% 1200C, &8 1IMPa & =

o @A B7HES &1
EAIZE 2 LMP HEE 73 3547k h)

= 204 , LMP 56.62 o|t}.

rr

AA &3 (damage) & Tt 42 53 Zrh

D= Y At/t, (3.7

g2 0.39°]t. A
AW o] dojdtial o F & = QAR AxtAde 1vgio|nz
2 HES AAshe ZdM = sl dojuhA] ot

& FAF AN(AL8h, T AZH(E)20.4h o)W HA gL
B

o
Ky

=
=)
B
wy
N
MN
o

52 AAG B WHES Jpow b Az B md AL

(3.8)
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0y
LMP:ban (3.9)
UO o
ALMPZO.OOlT:b(KnE—KnE) (3.10)
E.pp = 0.874 X107 T (3.11)
12 Zg= 2d AAS AEsle HYPYES Il 4 (4.8) E AMESHY
LMP-&8& 3t , 4 (4.9) o T3l o, b & F3ta o] HES 7FA2 2] (4.10)
S 58 A TE 738t 4 (41D)0A WHEFETE Udsty 38= 8 HIdES
T 5 uh. AAY §85 W B 15% o] W Fo| AU o]Aold Tko]

A7NA At

Table 5 Summary of the SA—508 grade3 classl material creep test

Temperature Applied Stress Time to rupture Larson Miler
(C) (ksi) (hours) Parameter
627 10.1 190 36.08
627 20 11.3 34.1
727 5.7 8.9 37.7
727 8.1 4.6 37.19
777 2 264 42.37
777 3.8 18.9 40.21
877 1.8 54.7 44.99
877 3.8 4.1 42.66
977 1.2 61.2 49.01
977 1.8 2.2 45.76
977 3.8 0.045 41.96
1100 0.5 46.9 53.56
1100 1 0.65 48.97
Table 6 Define of incremental damage
Tem;zerature Applied ' Stress LMP Atlh) £ (h) D
(©) (ksi)
1200 0.15 56.62 5 20.4 0.245
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4 94 2% 2 B}

4.1 2x19 =U% =2d X2

ik 5 gteo] dASHA FAHE hgAst FIeA AAFoE JdAT ol
Fean. 54eEe Aot e oo
— 1 2 ) 210.5

O':—[(O'l—O'Q) +(02—03) +(03—01)] (4.1)

% Fig. 23 ~ 302 2x9 A 24 x7d wE AR HIFTAZE AR ol F

S 718" (equivalent stress)¥ S7PH ¥ & (equivalent strain)S HAF1 It Hd

SMHEES 2.36%cIth. FUSrE e wlg Z=:ARE F 5 TlQto] o]Fo] %

AASHA FAHE o] A&, 129 4 & el AR &7] s =
(e}

7b mohliE TS AFel fasta @ WEol olFo] Ak oM FEE]
X3 il

@D

Ad4e Wt JFoz WISS ASEA 80 A4 An wFse
HE4WEES 11% ol WIFE 2.76%0 22 FxHoz otdatin Bu & 5
ATt oo e A= Table 7o) VRN SAT).

w2349 7 sd mdel A 4 4ol ARE wmaAt. 1 Az
HF= ofe) A, B AXE A A Az A=y Ao FEEsF usd
v C, D, ESIXeM Y & & dfg mdo] 953 A dede RS A

, D,
& Asde ol Wk 7§_Jﬂr—t— Fig. 31l YeRH At

Table 7 Summary of 2D modeling structural analysis results

Equivalent strain (%)
Model Calculated Allowable
s 2l 2.76
A F =d 1.68 11
HEAY =g 2.28
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411 2249 €& 24 427

23 Gf% =l Ustel FAQ AN SRS Fig 22()9) 2 10

gt HH2EE Table 8ol YEbHATE S FajA o]Fo FxHAL 8AERL
I} & P59 o, Fig. 239 Fig. 242 77 A7te] w2 38 9 HIES
ot

.....

_ R \\\\1¥/ 7 ]
(a) The location of temperature and (b) The temperature distribution of 2D
heat flux for 2D heat flux model heat flux model

Fig. 22 The result of heat transfer analysis for 2D heat flux model

Table 8 The result of steady state thermal analysis for 2D heat flux model

A B c D E
Aeiikes Sk e 13000 17000 30000 450000 60240
(W/m?)
Te"‘P{fc')at““’ 809.5 9016 13740 2189.0 31461
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[R— AN — AN
sEQv (AG)
.102E408 =.021153 642407
.473E408 4308408
.843E408 .196E408
.121E409 .1168+09
.158E+409 .1538409
L196E+09 .1898+09
.2338+09 2268409
2708409 2638409
.307E+409 2998409
.344E+409 .336E409
Ex E
S — AN [E— AN
.578E407 L693E407
.412E408 4148408
.166E408 .758E408
.112E409 L1108+09
.147E409 .1a5E409
.183E409 .179E+409
.218E409 .2138409
2548400 .248E409
.289E+409 .282E+409
.3258+409 3178409
b o N .
[E— AN JE— AN
arm=:
Tis—20000 “oum30000
L693E+407 .198E+408
.4148+08 5178408
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{1108409 L115E409
.1458+409 .1478+09
(1798409 (1798409
.2138409 .211E409
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.282E+409 2758409
.317E409 .307E+409
B ox B ox

Fig. 23 Stress distribution after hot start at 5000s and 30000s in accordance with

time of 2D heat flux model
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srme=1
sup =100
TIME=10000
EPTORQY (AVG)
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Fig. 24 Strain distribution after hot start at 5000s and 30000s in accordance with
time of 2D heat flux model
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412 2x9 dAF 2d 427

22k GAY mule] daAe 8AITHEte] AEAAS FPstA o, Fig. 265 74

AA A At mE H 2= dFE&S UEhal 3ok Fig. 263 Fig. 27
Ry 2

Lo

FxH4e Avz 22 $H} WY

Z}
KN
L

f -
7 id
’J,F;
r 4 “WII
od
B g el
=t
(a) The location of temperature and  (b) The temperature distribution of 2D
heat flux for 2D integral model integral model at 30000s
Hes [ al 200000 -
1090 —==N :Q
—_0 180000 - —a-C
500 - ==D v—D
- —+—E| 160000 ——E
‘5 s é 140000-1
é d 120000
§ 004 <
ﬁ - % 100000
400 4 SODUU—:
S5l 60000 T T T T T T
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(¢c) The temperature distribution (d) The heat flux distribution
accordance with time of 2D integral accordance with time of 2D integral
model model

Fig. 25 The result of heat transfer analysis for 2D integral model
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NODAL SOLUTION
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AN

NODAL SOLUTION

i
SEQV (ave)
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Fig. 26 Stress distribution after hot start at 5000s and 15000s in accordance with

time of 2D integral model
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Fig. 27 Strain distribution after hot start at 5000s and 30000s in accordance with

time of 2D integral model
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Fig. 29 The stress distribution after hot start at 5000s and 30000s in accordance

with time of 2D contact resistance model
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Fig. 30 The strain distribution after hot start at 5000s and 30000s in accordance

with time of 2D contact resistance model
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Table 9 The result of according to water

each location

temperature for 2D heat

flux model

in

Input heat fhix at insid=(W/m?2) Calculated heat flux{W/m?)
Localtion Heat flux Location Tew=30°C Tee=100°C Tew=120°C
& 130000 &' 785.43 787.75 T47.00
B 170000 B’ 37648 36614 36674
C 300000 c 110670 109880 108180
D 450000 D’ 2449780 247980 247280
E B0Z2400 E' 433080 4290860 429950
Mazirmin
terpepae . . 3608 3550 2636

Table 10 The result of according to water temperature

model in each location

for 2D contact resistance

Input heat flux at mside(W/m?) Calculated heat fhuxdW/m2)
Localtion Heat flux Location Tew=30°C Tee=100°C Tew=120°C
4 130000 4 2006.1 2086.6 2070.9
B 170000 B 42426 44105 43563
C 300000 c Ta7Z6 83332 82314
D 450000 b} 112340 117400 115900
E B02400 E 136350 142880 140760
Mazirmin
terpepae . . 1456 1436 1435
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Fig. 32 The temperature distribution of 2D heat flux model for each condition
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Table 11 Summary of 3D modeling structural analysis results

Equivalent strain (%)
Model
calculated Allowable
A 2 5.56
11
dAY el 8.06
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Fig. 33 The result of heat transfer analysis for 3D heat flux model

Table 12 The result of steady state thermal analysis for 3D heat flux model
in each location

=1 A B C D E
InpusHenk Bl 130000 170000 300000 450000 602400
(W/m?)
Te“‘P(fc')at“’e 8024 907.0 13787 21919 3185.0
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