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Thermal aging evaluation of cast austenitic stainless steel pipe
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Abstract

24 years have been passed since Kori Unit 1 began its commercial operation, and 19
years have been passed since Kori Unit 2 began its commercial operation. As the end
point of design life become closer, plant life extension and periodic safety assessment is
paid more and more attention to by the utility company. In this paper, the methodologies
and results of cast austenitic stainless steel pipe thermal aging evaluations of both units
have been presented in association with aging time of 10, 20, and 30 years and
operating temperature, respectively. life extension cases respectively. As a result of this,
at the operating temperature of 2807, thermal aging was not a problem as long as
Charpy V-notch room temperature minimum impact energy is concerned. However, more
than 300C and 30 years of operating condition, we should perform detailed fracture
mechanics analysis with CMTR of NFPP pipe.
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3.1. A4 7[&A F(Cvsat value)
wat A7) BFF Tol G2 AT FAAUAAGLE 4L F e FAAAA
#Y HAaxoth, FHE Jolm gy AP Ao g3 AME + AU, 6l
CF 8A9) Cuewd & 4 (8-1) 238 78 & 9t
108 ;Cpue = 1.15+ 1.364exp( —0.0350)

(1)
@ =56 (Cr+ SHC+0.4N)

(DellX BatzxA e d9s wt%ela 8.5 Hullel SAAFE Cr,,d Ni o 52 58
= HEeolBE S g =,
8, = 100.3 (Cr,/Ni, )% — 170.72 (Cr/Ni,) + 74.22

oo

Cr,, = Cr + 1.21{Mo) + 0.48(S7) — 4.99

=

@)
Ni, = N + 0.11{(Mw) — 0.0086(Mn)* +
18.4(N) + 24.5(C) + 2.77
olth. T Guew ohg Hel Y= Tited &
log ,Cooe= 5.64 — 0.0068, — 0.185Cr + 0.213Mo — 0.2045F +
3)
0.044N; — 2.12(C+0.4N}
o] i Aol dHAA @2 Frode 004wt = g E
CEBMA 8 Coan Thg 4 (8-4)l 3 72 + Uk
10g 1)Che = 1.10 + 2.12 exp(—0.0410) for Ni<10wt%
1og 10Che = 1.10 + 2.64 exp(—0.0640) for Ni> 10wt% 4)
@=25,(CH+0.4N) (Ni+Si+ Mn)?/5
b= & (24 BYE Hulls) F7HAToH Cuad O 2ol 3= AT + Atk
10g (Coe = 7.28 — 0.0118, — 0.185Cr — 0.369Mo0 —
)

0.45187 — 0.007TNi — 4.71{C+0.4N)
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log IOCb‘ = log IOCvsat + /8{1 _tanh[(P_ 5)/&']}

/8 = (108‘ 10 cm’nt_ log IOCvsar)/2

Coe=
g =400°C (6)
8
@ = — 0.585 + 0.795l0g ,Cyu
A @G)elA P= ohed 2ol AdEn.
P=10g10(£‘)—M(L—L) )
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714 tE Ahour), TE K @99 £342%, 2832 QEK]/mole)= CFR¥E CFSM o
3 g oz FoxEE FAE AR ZAM, CFR R CFEM didlde Zhzt 4 (8) 2 4
(QZ vepd +
O CFSA
Q=10[74.52—7.208 —3.465/—1.78Cr+ 148N—61C] )

O CF8M
Q=10[74.52 —7.208 —3.468(—1.78Cr— 4.35Mn+ 23N] )
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4-0-1.
Cr Mo Si Ni Mn C N

1|CF8A | 20.13] 0.32] 0.86] 9.06/ 0.63] 0.01] 0.058
2|CF8A 119.81] 0.59] 1.06] 10.63 0.6] 0.018] 0.028
3|CF8A 20.2] 0.16] 0.94| 9.38| 0.74] 0.019] 0.04
4|CF8A 20.2] 0.45] 0.83 8.7/ 0.47] 0.019| 0.032
5|CF8A |20.18] 0.34] 1.13] 8.59] 0.63] 0.023] 0.028
6|CF8A | 20.49] 0.04] 1.12 8.1 0.59] 0.036} 0.057
7|CF8A | 20.65| 0.32] 1.01]| 8.86| 0.65] 0.054| 0.08
8|CF8A | 20.33] 0.32] 1.08| 9.34 0.6] 0.062] 0.045
9|CF8A | 20.64] 0.31] 1.07] 8.08] 0.64] 0.063]| 0.062
10|CF8A | 21.05] 0.31] 0.95| 8.34| 0.67] 0.064| 0.058
11|CF8M | 19.11] 2.51] 0.73] 9.03| 0.54] 0.064| 0.048
12|CF8M | 20.86] 2.58] 0.67] 9.12| 0.53] 0.065| 0.052
13|CF8M | 19.45] 2.39] 0.49]| 9.28 0.6] 0.047] 0.029
14|CF8M | 20.76] 2.46] 0.63 9.4 0.6/ 0.038] 0.038
15|CF8M | 70.78] 2.57] 0.48]| 9.63 0.5] 0.049] 0.064
16|CF8M | 19.64] 2.05] 1.02 10/ 1.07] 0.04] 0.151
17]CF8M | 19.37] 2.57] 0.58] 11.85] 0.61] 0.055] 0.031}

41. o] && 80%, Wj#2%= 280C9 723+
1 27] FHE ot E 4-1-13% 2}

4-1-1. o] && 0% WlHL2C 230T, 27 433 oA d8

Ferrit] Cv

P e(%) | sat beta | theta|alpha| Q Cv (%) EFPH Temp
1| -3.448 | 14.3] 115.9/ 0.139] 3.53| 1.15]204.7| 219.8|103.9 90 1 280
2| -3.284 8.4] 163.7| 0.069| 2.29 1.2] 195| 224.9] 61.2 37 1 280
3] -3.682| 12.5]141.3/0.258] 2.83| 1.09]218.6/ 463.6(322.3]| 228 1 280
4] -4.211 | 20.4| 134.3| 0.094 2.1 1] 250 207.1| 72.8 54 1 280
5| -2.963 21| 76.7| 0.214] 3.21| 1.07}175.9] 205.5]128.8| 168 1 280
6] -4.256| 17.6] 53.7/ 0.305] 2.57| 0.75]252.7] 218.8]165.1] 307 1 280
7] -3.332 10| 93.3]|0.214] 3.48 1.2]1197.8] 250.0[156.7 | 168 1 280
8| -4.201 8.8] 89.1|0.197] 3.14 1.2] 249.4] 220.7 |131.6] 148 1 280
9] -2.713| 14.9] 47.1]10.301] 2.88] 0.68]161.1] 188.41141.3] 300 1 280
10f -3.552 | 15.4] 44.8/0.291] 2.89] 0.88] 210.9] 171.1(126.3] 282 1 280
11f -1.600| 15.5] 63.1]0.269] 3.44 0.7 95| 217.8[154.7 | 245 1 280
12| -2.341 | 24.8] 32.1]0.436] 2.82] 0.51] 139] 239.1(207.0] 645 1 280
13| -2.761 | 19.6] 87.9/0.208] 3.16] 1.57]163.9] 229.0(141.1] 160 1 280
14| -2.481 29] 41.1]0.338] 2.81 0.6] 147.3] 194.9|153.8| 374 1 280
15| -2.591 | 20.9] 59.7| 0.26] 2.99| 0.59]153.8| 197.7(138.0] 231 1 280
16| -2.673 5.9] 62.7| 0.289 2.7] 0.62]158.7| 237.3|174.6] 278 1 280
17 -2.619 6.4] 126.5/ 0.119] 2.83] 1.11]155.5| 218.8] 92.3 73 1 280




1097 #4148 B £ 4-1-2¢14 & F xR Addd wet 2547 = ¢td A=
£ o7 pasiy, A% JedA folxE Az Am FAUA(Cvsat)FED 4P
A7k 9
4-1-2. ]| && 0%, HlF2= 280C, 1047 2 3HS AL 953 <d dFfe
P :(r)/:)l)t s(,:e;/t beta | theta |alpha] Q Cv (%) EFPH Temp
1/1.398 | 14.3|115.9]0.139| 3.53| 1.15|204.7 216.5]100.6 87 70080 280
2]1.561 8.4 163.7] 0.069] 2.29 1.2] 195| 209.2| 45.5 28 70080 280
3]1.164 12.5(141.3] 0.258] 2.83] 1.09]218.6] 439.5298.2 | 211 70080 280
4]0.635| 20.4]134.3] 0.094 2.1 1] 250| 202.6 | 68.3 51 70080 280
5]1.883 21| 76.7]0.214] 3.21| 1.07]175.9( 190.41113.7| 148 70080 280
6/0.589 | 17.6[ 53.7]0.305| 2.57| 0.75|252.7] 217.2 |163.5| 304 70080 280
711.514 10| 93.3]0.214| 3.48 1.2 197.8] 241.2 1147.9| 158 70080 280
8]0.645 8.8] 89.1]0.197] 3.14 1.2]1249.4] 217.71128.6 | 144 70080 280
9]2.132 14.9| 47.110.301|] 2.88] 0.68] 161.1| 164.0116.9| 248 70080 280
10/1.293 | 15.4| 44.8/ 0.291|] 2.89| 0.88|210.9] 165.3]120.5] 269 70080 280
11|3.245| 15.5] 63.1]0.269] 3.44| 0.7 95/ 138.6] 75.5[ 120 70080 280
12|2.504 | 24.8] 32.1]10.436] 2.82] 0.51 139 152.2 1120.1 [ 374 70080 280
13]2.085] 19.6/ 87.9]0.208] 3.16| 1.57]163.9] 188.7]100.8| 115 70080 280
14]2.365 29| 41.1]10.338] 2.81 0.6] 147.3| 146.2 |105.1 | 256 70080 280
15]2.255| 20.9/ 59.7] 0.26] 2.99| 0.59| 153.8| 180.4 |120.7 | 202 70080 280
16]2.173 5.9 62.7]0.289 2.7| 0.62]158.7 193.2]130.5| 208 70080 280
1712.226 6.4/ 126.5] 0.119] 2.83] 1.11] 155.5] 190.6 | 64.1 51 70080 280
3097 38 RS AT £ 4-1-394 B 7 dxel, A2 HA AR FAAEA] Bl A
2 475 ¢33 AFEe g4 AT
4-1-3. ] && 0%, HlF2= 280C, 307 £ HS A 953 ¢d dFfe
P :(r)/:)l)t s(,:e;/t beta | theta |alpha] Q Cv (%) EFPH Temp
1/1.875| 14.3|115.9]0.139| 3.53| 1.15|204.7 212.5] 96.6 83 210240 280
2]2.038 8.4 163.7] 0.069] 2.29 1.2] 195| 198.3| 34.6 21 210240 280
3]1.641 12.5(141.3] 0.258] 2.83] 1.09]218.6] 411.0§269.7 | 191 210240 280
4]1.112 20.4] 134.3] 0.094 2.1 1 250] 196.4 | 62.1 46 210240 280
5]2.360 21| 76.7]0.214] 3.21| 1.07]175.9| 173.9] 97.2| 127 210240 280
6]1.066 | 17.6/ 53.7] 0.305] 2.57| 0.75|252.7| 213.4|159.7| 297 210240 280
7]1.991 10| 93.3]0.214| 3.48 1.2 197.8] 231.71138.4| 148 210240 280
8]1.122 8.8] 89.1]0.197] 3.14 1.2] 249.4] 214.1 1125.0| 140 210240 280
9]2.609 | 14.9| 47.1]0.301] 2.88| 0.68]161.1] 122.4| 75.3] 160 210240 280
10]1.770 15.4| 44.8] 0.291| 2.89| 0.88] 210.9] 155.21110.4| 246 210240 280
11|3.723 | 15.5] 63.1]0.269] 3.44| 0.7 95 92.5] 29.4 47 210240 280
12]2.981 24.8] 32.1]10.436] 2.82| 0.51 139 64.41 32.3 ]| 101 210240 280
13]2.562 | 19.6] 87.9]0.208] 3.16] 1.57]163.9] 168.9] 81.0 92 210240 280
14]|2.842 29| 41.1]10.338] 2.81 0.6] 147.3 85.9] 44.8[ 109 210240 280
15]2.732 | 20.9] 59.7] 0.26] 2.99| 0.59]|153.8] 139.0| 79.3| 133 210240 280
16]2.650 5.9 62.7]0.289 2.7| 0.62]158.7 128.7] 66.0| 105 210240 280
17]2.704 6.4/ 126.5] 0.119] 2.83] 1.11]155.5] 171.6] 45.1 36 210240 280
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4-1-4. °] 88 80%, HlF2% 280, 60171
Ferrit| Cv

tole 25 9% ¢d qf%

P e(w)| sat beta [ theta |alpha Cv (%) EFPH | Temp
2.176 | 14.3]/115.9] 0.139] 3.53| 1.15]204.7] 208.0] 92.1| 79 420480] 280
2.339 8.4| 163.7/ 0.069] 2.29] 1.2] 195[ 190.6] 26.9| 16 420480] 280
1.942 1 12.5|141.3]0.258] 2.83| 1.09]218.6] 381.6]240.3| 170 420480] 280
1.413 ]| 20.4|134.3]0.094] 2.1 1] 250] 189.7] 55.4[ 41 420480] 280
2.661 21| 76.7]10.214] 3.21| 1.07]175.9] 158.4| 81.7| 107 420480 280
1.367 ] 17.6] 53.7]0.305] 2.57| 0.75]252.7] 207.1]153.4| 286 420480] 280
2.292 10{ 93.3]0.214] 3.48| 1.2]197.8] 221.8 |128.5| 138 420480| 280
1.423 8.8] 89.1]10.197] 3.14| 1.2]249.4] 210.21121.1| 136 420480 280
2.910| 14.9] 47.110.301] 2.88| 0.68] 161.1 91.3 | 44.2 94 420480 280
10]2.071 | 15.4] 44.8]0.291] 2.89| 0.88] 210.9] 142.9] 98.1| 219 420480 280
11]4.024 | 15.5] 63.1]0.269| 3.44] 0.7 95| 76.8] 13.7| 22 420480| 280
12|3.283 | 24.8] 32.1]10.436] 2.82| 0.51] 139] 42.5] 10.4| 33 420480] 280
13]2.863 | 19.6| 87.9]0.208] 3.16| 1.57|163.9] 155.2] 67.3[ 77 420480] 280
14]3.143 29| 41.1]10.338] 2.81| 0.6{147.3] 60.5| 19.4| 47 420480] 280
15/3.033 | 20.9] 59.7] 0.26] 2.99| 0.59]153.8] 104.0| 44.3| 74 420480] 280
16]2.951 5.9| 62.7/]0.289] 2.7| 0.62]158.7f 94.5] 31.8] 51 420480| 280
17]3.005 6.4]126.5/ 0.119] 2.83| 1.11]155.5] 159.4] 32.9| 26 420480] 280
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4-2-1. o188 80%, H|HLE 300C, 27] 93 ¢+A 9F=

P E?E/(r)l)t s(,:e;/t beta | theta]alpha] Q Cv (%) EFPH| Temp
1] -2.773| 14.3[/115.9/0.139| 3.53] 1.15] 204.7| 219.8 |103.9 90 1 300
2| -2.642 8.4/ 163.7] 0.069] 2.29 1.2 195 224.9| 61.2 37 1 300
3] -2.961|] 12.5|141.3]0.258] 2.83] 1.09] 218.6/ 463.6 |322.3 | 228 1 300
4] -3.387] 20.4]| 134.3] 0.094 2.1 1 250] 207.0 | 72.7 54 1 300
5] -2.383 21| 76.7]10.214] 3.21] 1.07]175.9] 205.5(128.8] 168 1 300
6] -3.423| 17.6] 53.7]0.305| 2.57| 0.75]252.7| 218.8 |165.1| 307 1 300
7] -2.679 10| 93.3]0.214| 3.48 1.2] 197.8] 250.0 |156.7 | 168 1 300
8] -3.378 8.8 89.1]10.197| 3.14 1.2] 249.4| 220.7 |131.6| 148 1 300
9] -2.182| 14.9] 47.110.301] 2.88] 0.68]161.1| 188.4]141.3 | 300 1 300
10] -2.857 | 15.4| 44.8]0.291| 2.89] 0.88]210.9( 171.1 (126.3 | 282 1 300
11] -1.287] 15.5| 63.1]0.269| 3.44 0.7 95| 217.81154.7 | 245 1 300
12| -1.883| 24.8] 32.1]10.436| 2.82] 0.51 139 239.1 [207.0 | 645 1 300
13] -2.220| 19.6| 87.9]0.208| 3.16| 1.57| 163.9] 228.8 |140.9 ] 160 1 300
14] -1.995 29 41.1]10.338] 2.81 0.6] 147.3] 194.9 (153.8| 374 1 300
15| -2.083] 20.9] 59.7] 0.26] 2.99] 0.59] 153.8| 197.7 |138.0] 231 1 300
16] -2.150 5.9] 62.7]0.289 2.7] 0.62] 158.7] 237.3(174.6 ] 278 1 300
17] -2.106 6.4/ 126.5] 0.119] 2.83] 1.11] 155.5| 218.8 | 92.3 73 1 300




4-2-2. ¢ 8&& 0%, Hl#2= 300C, 307 £ HS AL 953 ¢d dFfe

:(r)/:)l)t s(,:e;/t beta | theta |alpha] Q Cv (%) EFPH Temp
2.550 | 14.3]115.9]0.139| 3.53| 1.15|204.7 199.2| 83.3 72 210240 300
2.681 8.4 163.7] 0.069] 2.29 1.2] 195| 182.5] 18.8 11 210240 300
2.361 | 12.5|141.3]0.258] 2.83| 1.09] 218.6/ 325.6]184.3 [ 130 210240 300
1.936 | 20.4]/134.3]0.094 2.1 1| 250| 172.7| 38.4 29 210240 300
2.940 21| 76.7]10.214] 3.21| 1.07]1175.9] 141.8 ] 65.1 85 210240 300
1.900| 17.6f 53.7]0.305| 2.57| 0.75]|252.7| 178.9(125.2| 233 210240 300
2.643 10| 93.3]0.214| 3.48 1.2} 197.8] 205.5112.2| 120 210240 300
1.944 8.8] 89.1]0.197] 3.14 1.2] 249.4] 198.01108.9 | 122 210240 300
3.140| 14.9] 47.1]10.301] 2.88| 0.68] 161.1 73.1] 26.0 55 210240 300
10]2.466 15.4| 44.8] 0.291| 2.89| 0.88] 210.9] 118.2| 73.4| 164 210240 300
11]4.036 | 15.5] 63.1] 0.269] 3.44| 0.7 95 76.4 | 13.3 21 210240 300
12|3.440 | 24.8] 32.1]0.436] 2.82| 0.51] 139 37.8 5.7 18 210240 300
13|3.102 | 19.6] 87.9] 0.208] 3.16| 1.57]163.9] 144.4] 56.5 64 210240 300
14|3.327 29| 41.1]10.338] 2.81 0.6] 147.3 52.0] 10.9 27 210240 300
15]3.239 | 20.9/ 59.7] 0.26] 2.99| 0.59| 153.8 85.5 | 25.8 43 210240 300
16]3.173 5.9 62.7]0.289 2.7/ 0.62] 158.7 79.5 | 16.8 27 210240 300
17]3.216 6.4/ 126.5] 0.119] 2.83] 1.11]155.5|] 151.8] 25.3 20 210240 300
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4-2-3. |88 0%, Hl#:2= 300C, 4047 £ sHS AL 4953 <d dFfe
P :(r)/:)l)t s(,:e;/t beta | theta |alpha] Q Cv (%) EFPH Temp
2.675| 14.3]115.9/0.139] 3.53| 1.15]204.7| 195.4] 79.5 69 280320 300
2.806 8.4 163.7] 0.069] 2.29 1.2] 195| 179.9] 16.2 10 280320 300
2.486 | 12.5|141.3]0.258] 2.83| 1.09] 218.6/ 306.8 |165.5( 117 280320 300
2.061 | 20.4]|134.3]0.094 2.1 1] 250| 168.2 | 33.9 25 280320 300
3.065 21| 76.7]0.214] 3.21| 1.07|1175.9] 134.2| 57.5 75 280320 300
17.6] 53.7]0.305] 2.57( 0.75]252.7| 167.7|114.0| 212 280320 300
2.768 10( 93.3] 0.214] 3.48 1.2] 197.8] 198.5105.2 | 113 280320 300
2.069 8.8] 89.1]0.197] 3.14 1.2] 249.4] 193.8 1104.7 | 117 280320 300
3.265| 14.9] 47.1]10.301] 2.88] 0.68] 161.1 66.0 ] 18.9 40 280320 300
2.591| 15.4| 44.8/0.291] 2.89| 0.88] 210.9/ 109.0] 64.2 | 143 280320 300
11]4.161 | 15.5] 63.1]0.269] 3.44| 0.7 95 72.6 9.5 15 280320 300
12|3.565 | 24.8] 32.1]0.436] 2.82| 0.51] 139 35.6 3.5 11 280320 300
13|3.227 | 19.6] 87.9] 0.208] 3.16| 1.57]163.9] 139.0| 51.1 58 280320 300
1413.452 29 41.1]0.338] 2.81 0.6] 147.3 48.4 7.3 18 280320 300
15|3.364 | 20.9] 59.7] 0.26] 2.99| 0.59| 153.8 77.6 | 17.9 30 280320 300
16]3.298 5.9 62.7]0.289 2.7 0.62] 158.7 74.2 | 11.5 18 280320 300
17]3.341 6.4/ 126.5] 0.119] 2.83| 1.11] 155.5 147.9] 21.4 17 280320 300
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4-2-4. o8& 80%, HlF=% 300TC, 50 7 58S AL 43F < 4fe
P :(r)/:)l)t s(,:e;/t beta | theta |alpha] Q Cv (%) EFPH Temp
2.772 14.3(115.9] 0.139] 3.53| 1.15]204.7] 192.1| 76.2 66 350400 300
2.903 8.4 163.7] 0.069] 2.29 1.2] 195| 178.1| 14.4 9 350400 300
2.583 | 12.5|141.3]0.258] 2.83| 1.09] 218.6[ 292.1 |150.8 [ 107 350400 300
2.158 | 20.4]|134.3] 0.094 2.1 1| 250| 164.7 | 30.4 23 350400 300
3.162 21| 76.7]10.214] 3.21| 1.07|1175.9] 128.4| 51.7 67 350400 300
2.121 17.6] 53.7] 0.305] 2.57| 0.75]252.7] 157.9]104.2 | 194 350400 300
2.865 10( 93.3] 0.214] 3.48 1.2]1197.8] 192.7 | 99.4| 107 350400 300
2.166 8.8] 89.1]0.197] 3.14 1.2] 249.4] 190.1 1101.0| 113 350400 300
3.362| 14.9] 47.1]10.301] 2.88] 0.68] 161.1 61.7 | 14.6 31 350400 300
2.688| 15.4| 44.8/0.291| 2.89| 0.88] 210.9 101.9] 57.1 | 127 350400 300
11]4.258 | 15.5| 63.1] 0.269] 3.44| 0.7 95 70.4 7.3 12 350400 300
12|3.662 | 24.8] 32.1]0.436] 2.82| 0.51] 139 34.5 2.4 7 350400 300
13]3.324 | 19.6] 87.9]0.208] 3.16] 1.57]163.9] 135.0| 47.1 54 350400 300
14|3.549 29| 41.1]10.338] 2.81 0.6] 147.3 46.4 5.3 13 350400 300
15|3.461 | 20.9/ 59.7] 0.26] 2.99| 0.59| 153.8 73.0] 13.3 22 350400 300
16]3.395 5.9 62.7]0.289 2.7/ 0.62] 158.7 71.3 8.6 14 350400 300
17]3.438 6.4/ 126.5] 0.119] 2.83] 1.11]155.5| 145.1] 18.6 15 350400 300
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4-2-5. 0|88 80%, HlF=% 300C, 6047 7 58S Ae 433 < 4fe
P :(r)/:)l)t s(,:e;/t beta | theta |alpha] Q Cv (%) EFPH Temp
2.851 | 14.3]115.9]0.139| 3.53| 1.15|204.7 189.1| 73.2 63 420480 300
2.982 8.4 163.7] 0.069] 2.29 1.2] 195| 176.7| 13.0 8 420480 300
2.663 | 12.5|141.3]0.258] 2.83| 1.09] 218.6{ 280.2 ]138.9 98 420480 300
2.237 20.4] 134.3] 0.094 2.1 1 250] 161.9 | 27.6 21 420480 300
3.241 21| 76.7]10.214] 3.21| 1.07]1175.9] 123.8| 47.1 61 420480 300
2.201| 17.6] 53.7/0.305| 2.57| 0.75]252.7 149.3] 95.6 | 178 420480 300
2.944 10| 93.3]0.214| 3.48 1.21 197.8] 187.7] 94.4| 101 420480 300
2.245 8.8] 89.1]0.197] 3.14 1.2] 249.4] 186.81 97.7] 110 420480 300
3.441| 14.9] 47.1]10.301] 2.88| 0.68] 161.1 58.9] 11.8 25 420480 300
10]2.767 | 15.4] 44.8/0.291| 2.89| 0.88] 210.9 96.1] 51.3[ 115 420480 300
11]4.337 | 15.5] 63.1]0.269] 3.44| 0.7 95 69.0 5.9 9 420480 300
12|3.741 | 24.8] 32.1]0.436] 2.82| 0.51] 139 33.8 1.7 5 420480 300
13]3.404 | 19.6] 87.9]0.208] 3.16] 1.57]163.9] 131.8] 43.9 50 420480 300
14]3.628 29 41.1]0.338] 2.81 0.6] 147.3 45.2 4.1 10 420480 300
15|3.540 | 20.9] 59.7] 0.26] 2.99| 0.59| 153.8 70.1] 10.4 17 420480 300
16]3.474 5.9 62.7]0.289 2.7| 0.62] 158.7 69.4 6.7 11 420480 300
17]3.517 6.4/ 126.5] 0.119] 2.83] 1.11] 155.5] 143.1] 16.6 13 420480 300
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4-3-1. |98 80% wWlFALE 320C, 7] 933 ¢ 44=
P E?E/(r)l)t s(,:e;/t beta | theta]alpha] Q Cv (%) EFPH| Temp
1] -2.1441| 14.3(115.9/0.139| 3.53] 1.15] 204.7| 219.8 |103.9 90 1 320
2| -2.042 8.4/ 163.7] 0.069] 2.29 1.2 195 224.9| 61.2 37 1 320
3] -2.289| 12.5]141.3]0.258] 2.83] 1.09] 218.6/ 463.6 |322.3 | 228 1 320
4] -2.618] 20.4]| 134.3] 0.094 2.1 1 250] 207.0 | 72.7 54 1 320
5] -1.842 21| 76.7]10.214] 3.21] 1.07]175.9] 205.5(128.8] 168 1 320
6] -2.646| 17.6] 53.7] 0.305| 2.57| 0.75]252.7| 218.8 |165.1| 307 1 320
7] -2.071 10| 93.3]0.214| 3.48 1.2] 197.8] 249.9 |156.6 | 168 1 320
8] -2.612 8.8 89.1]10.197| 3.14 1.2] 249.4| 220.7 |131.6| 148 1 320
9] -1.687|] 14.9] 47.110.301] 2.88] 0.68]161.1| 188.4]141.3 | 300 1 320
10] -2.208 | 15.4| 44.8]0.291| 2.89] 0.88]210.9f 171.1 (126.3 | 282 1 320
11] -0.995] 15.5| 63.1]0.269| 3.44 0.7 95| 217.8 1154.7 | 245 1 320
12| -1.456| 24.8] 32.110.436| 2.82] 0.51 139 239.1 [207.0 | 645 1 320
13] -1.716] 19.6| 87.9]0.208| 3.16] 1.57]163.9| 228.6 (140.7 ] 160 1 320
14| -1.542 29| 41.1]10.338] 2.81 0.6] 147.3] 194.9 (153.8| 374 1 320
15] -1.611] 20.9| 59.7| 0.26] 2.99] 0.59] 153.8| 197.7 |138.0| 231 1 320
16] -1.662 5.9 62.7]0.289 2.7] 0.62] 158.7| 237.3(174.6 ] 278 1 320
17] -1.628 6.4/ 126.5] 0.119] 2.83] 1.11] 155.5| 218.8 | 92.3 73 1 320
1097 #4385 S BFols otdE 4-3-29 Zo] ¢ASFErt Tadht o] B 2€3E
A998 He £92 2ot 99
4-3-2. o] && 0%, HlFLT 320C, 1047 213 HE A 953 <td 9J{f%

P :;/Ll)t sce;/t beta | theta |alpha] Q Cv (%) EFPH Temp
1]2.702 | 14.3| 115.9] 0.139] 3.53| 1.15|204.7| 194.5| 78.6 68 70080 320
2|2.804 8.4]| 163.7] 0.069] 2.29 1.2] 195| 180.0| 16.3 10 70080 320
3|2.557 | 12.5[141.3]0.258] 2.83| 1.09]218.6] 296.2 |154.9 ] 110 70080 320
412.228 20.4] 134.3] 0.094 2.1 1 250| 162.2 | 27.9 21 70080 320
5]3.004 21| 76.7]10.214] 3.21| 1.071175.9] 137.9] 61.2 80 70080 320
6]2.199 | 17.6[ 53.7]0.305| 2.57| 0.75|252.7] 149.5] 95.8| 178 70080 320
712.774 10| 93.3]0.214| 3.48 1.2] 197.8] 198.11104.8| 112 70080 320
8]2.234 8.8] 89.1]0.197] 3.14 1.2]1 249.4] 187.3]1 98.2| 110 70080 320
9|3.159| 14.9] 47.1]10.301] 2.88| 0.68]| 161.1 72.0] 24.9 53 70080 320
10]2.637 | 15.4| 44.8] 0.291] 2.89| 0.88] 210.9| 105.6 | 60.8| 136 70080 320
11|3.851 | 15.5/ 63.1] 0.269] 3.44| 0.7 95 84.5| 21.4 34 70080 320
12|3.390 | 24.8] 32.1]0.436] 2.82| 0.51] 139 39.0 6.9 21 70080 320
13]3.129 | 19.6] 87.9]0.208] 3.16] 1.57]163.9] 143.2 | 55.3 63 70080 320
14|3.303 29| 41.1]10.338] 2.81| 0.6] 147.3 52.9] 11.8 29 70080 320
15|3.235] 20.9/ 59.7] 0.26] 2.99| 0.59| 153.8 85.9 ] 26.2 44 70080 320
16|3.184 5.9] 62.7] 0.289 2.7/ 0.62] 158.7 79.0] 16.3 26 70080 320
17]3.217 6.4/ 126.5] 0.119] 2.83] 1.11] 155.5] 151.8 | 25.3 20 70080 320
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4-3-3. ©| 8% 80% BHEE 320CT, 2087 2 ANES e 228 o g%
P :(r)/:)l)t s(,:e;/t beta | theta |alpha] Q Cv (%) EFPH Temp
1|3.003 | 14.3|115.9/0.139] 3.53| 1.15|204.7| 183.1| 67.2 58 140160 320
213.105 8.4] 163.7] 0.069] 2.29 1.2 195 174.7] 11.0 7 140160 320
3]2.858 | 12.5[141.3]0.258] 2.83| 1.09]218.6] 252.1 110.8 78 140160 320
4]2.529 | 20.4| 134.3] 0.094 2.1 1] 250| 152.8| 18.5 14 140160 320
5]3.305 21| 76.7]0.214| 3.21| 1.071175.9f 120.2] 43.5 57 140160 320
6]2.500| 17.6f 53.7]0.305] 2.57| 0.75|252.7] 115.7| 62.0] 115 140160 320
7]3.075 10| 93.3] 0.214] 3.48 1.2] 197.8] 179.2| 85.9 92 140160 320
8]2.535 8.8] 89.110.197] 3.14 1.2]1 249.4] 173.2 | 84.1 94 140160 320
9]3.460 | 14.9| 47.1]10.301] 2.88| 0.68] 161.1 58.3 | 11.2 24 140160 320
10]2.938 | 15.4| 44.8|0.291] 2.89| 0.88] 210.9 84.4 | 39.6 88 140160 320
11]4.152 | 15.5/ 63.1] 0.269] 3.44| 0.7 95 72.8 9.7 15 140160 320
12]3.691 24.8] 32.1] 0.436] 2.82] 0.51 139 34.2 2.1 7 140160 320
13]3.430 ] 19.6/ 87.9] 0.208] 3.16/ 1.57]163.9] 130.8| 42.9 49 140160 320
14|3.604 29| 41.1]0.338] 2.81 0.6] 147.3 45.6 4.5 11 140160 320
15|3.536 ] 20.9] 59.7] 0.26] 2.99| 0.59| 153.8 70.2 | 10.5 18 140160 320
16]3.485 5.9/ 62.7] 0.289 2.7/ 0.62]158.7 69.2 6.5 10 140160 320
17]3.518 6.4] 126.5] 0.119] 2.83| 1.11]155.5( 143.1] 16.6 13 140160 320
U LRAFEEAFAE ABRAE 2 12, 16918 Ag €33 aoge sy e FBEY
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4-3-4. ©| 8% R0% BHEE 320CT, 3087 S ALAS He 228 o g%
P :(r)/:)l)t s(,:e;/t beta | theta |alpha] Q Cv (%) EFPH Temp
1]3.179 | 14.3|115.9/0.139] 3.53| 1.15|204.7| 175.5] 59.6 51 210240 320
2|3.281 8.4| 163.7] 0.069] 2.29 1.2 195| 172.3 8.6 5 210240 320
3|3.034 | 12.5[141.3]0.258] 2.83| 1.09]218.6] 229.3| 88.0 62 210240 320
4]2.705 | 20.4|134.3] 0.094 2.1 1| 250| 148.3] 14.0 10 210240 320
5]3.481 21| 76.7]0.214| 3.21| 1.071175.9f 111.1] 34.4 45 210240 320
6]2.677 ] 17.6] 53.7]0.305] 2.57| 0.75| 252.7 98.2 | 44.5 83 210240 320
7]3.251 10) 93.3] 0.214] 3.48 1.2] 197.8| 167.6 | 74.3 80 210240 320
8]2.711 8.8] 89.110.197] 3.14 1.2] 249.4| 163.8 | 74.7 84 210240 320
9/3.636 | 14.9] 47.1]10.301] 2.88| 0.68] 161.1 53.9 6.8 15 210240 320
10]|3.114 | 15.4 44.8| 0.291] 2.89| 0.88] 210.9 74.1| 29.3 65 210240 320
11]4.328 | 15.5/ 63.1] 0.269] 3.44| 0.7 95 69.1 6.0 10 210240 320
12|3.867 | 24.8] 32.1] 0.436] 2.82| 0.51] 139 33.2 1.1 3 210240 320
13]3.606 | 19.6/ 87.9] 0.208] 3.16| 1.57]163.9] 124.3| 36.4 41 210240 320
14]3.780 29| 41.1]0.338] 2.81 0.6] 147.3 43.6 2.5 6 210240 320
15|3.712 ] 20.9] 59.7] 0.26] 2.99| 0.59| 153.8 65.7 6.0 10 210240 320
16]3.661 5.9] 62.7] 0.289 2.7/ 0.62] 158.7 66.4 3.7 6 210240 320
17]13.694 6.4] 126.5] 0.119] 2.83| 1.11] 155.5] 139.2 | 12.7 10 210240 320
4097 LRAFEEAFAE AHHE 2, 4, 11, 12, 14, 15 161799 A¢ €33 nmmgs
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4-3-5. o]&8 0%, HlFLE 320C, 407 S A EE AE 933 A 9=
P :(r)/:)l)t s(,:e;/t beta | theta |alpha] Q Cv (%) EFPH Temp
1/3.304 | 14.3[/115.9| 0.139] 3.53| 1.15|204.7| 169.8| 53.9| 47 280320 320
2|3.406 8.4/ 163.7/ 0.069] 2.29] 1.2 195[ 170.9| 7.2 4 280320 320
3|3.159 | 12.5|141.3] 0.258] 2.83| 1.09|218.6| 215.1| 73.8 52 280320 320
4]2.830 | 20.4|134.3]0.094] 2.1 1| 250 145.7] 11.4 9 280320 320
5|3.606 21| 76.7|0.214| 3.21| 1.07/175.9] 105.5]| 28.8 37 280320 320
6/2.801| 17.6/ 53.7]0.305] 2.57| 0.75/252.7| 87.8] 34.1 64 280320 320
713.376 10| 93.3]0.214| 3.48] 1.2]197.8] 159.3| 66.0| 71 280320 320
8]2.836 8.8 89.1]0.197| 3.14| 1.2|249.4] 156.9| 67.8 76 280320 320
9|3.761 | 14.9] 47.1]0.301] 2.88| 0.68/161.1] 51.9| 4.8 10 280320 320
10|3.239 | 15.4| 44.8/0.291| 2.89| 0.88]210.9] 68.0] 23.2 52 280320 320
114.453 | 15.5| 63.110.269| 3.44| 0.7 95 67.3] 4.2 7 280320 320
12|3.092 | 24.8| 32.1]0.436] 2.82] 0.51] 139| 32.8| 0.7 2 280320 320
13|3.731 | 19.6| 87.9]0.208] 3.16| 1.57|163.9] 120.1| 32.2 37 280320 320
14]3.905 29| 41.1|0.338] 2.81| 0.6/147.3] 42.8| 1.7 4 280320 320
15|3.837 | 20.9] 59.7| 0.26] 2.99| 0.59] 153.8] 63.7] 4.0 7 280320 320
16]3.786 5.9] 62.7/0.289] 2.7| 0.62] 158.7| 65.2] 2.5 4 280320 320
17]3.819 6.4/ 126.5/ 0.119] 2.83| 1.11]|155.5| 136.9| 10.4 8 280320 320
50E7Y SRAFEERAE AHAE 2 4, 9, 11, 12, 14, 15, 16178 2S¢ 433 HoY
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4-3-6. o4& 80% HBLE 320C, 50ET $AQS A 23g P GfE
P :(r)/:)l)t s(,:e;/t beta | theta |alpha] Q Cv (%) EFPH Temp
1|3.401 | 14.3[115.9]0.139] 3.53| 1.15|204.7| 165.4| 49.5 43 350400 320
2|3.503 8.4/ 163.7/ 0.069] 2.29| 1.2] 195/ 169.9 6.2 4 350400 320
3|3.255]| 12.5|141.3]0.258] 2.83| 1.09] 218.6/ 205.2 | 63.9 45 350400 320
412.927 | 20.4| 134.3] 0.094 2.1 1 250| 144.0 9.7 7 350400 320
5]3.703 21| 76.7]10.214] 3.21| 1.07]1175.9] 101.6| 24.9 32 350400 320
6]2.898 | 17.6] 53.7] 0.305] 2.57| 0.75]252.7 81.2 | 27.5 51 350400 320
713.473 10| 93.3]0.214] 3.48| 1.2]197.8/ 153.1] 59.8 64 350400 320
8]2.933 8.8] 89.110.197] 3.14| 1.2]1249.4] 151.5] 62.4 70 350400 320
9|3.858 | 14.9| 47.1]0.301] 2.88| 0.68] 161.1 50.7 3.6 8 350400 320
10|3.336 | 15.4| 44.8/0.291] 2.89| 0.88] 210.9 64.0 | 19.2 43 350400 320
11§4.550 | 15.5/ 63.1]0.269| 3.44| 0.7 95 66.3 3.2 5 350400 320
12]4.089 | 24.8] 32.1]0.436] 2.82] 0.51] 139 32.5] 0.4 1 350400 320
13|3.828 | 19.6] 87.9]/0.208] 3.16] 1.57]163.9] 117.1] 29.2 33 350400 320
14]4.002 29 41.1]0.338] 2.81 0.6] 147.3 42.3 1.2 3 350400 320
15|3.934 | 20.9f 59.7|] 0.26] 2.99| 0.59| 153.8 62.6 2.9 5 350400 320
16|3.883 5.9] 62.7]0.289 2.7| 0.62] 158.7 64.5 1.8 3 350400 320
17|3.916 6.4] 126.5/ 0.119] 2.83| 1.11]155.5| 135.4]| 8.9 7 350400 320
60ETT ARG S AL oY E 4-3-7d eSS, ABEHE 2, 4, 9, 11, 12, 14,
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4-3-7. ]| && 0%, HlBLT 320C, 6037 S HEHE AL 953 ¢H J{fe
P :(r)/:)l)t f;lt beta | theta |alpha] Q Cv (%) EFPH Temp
3.480 | 14.3]115.9]0.139| 3.53| 1.15|204.7 161.8| 45.9 40 420480 320
3.582 8.4 163.7] 0.069] 2.29 1.2] 195| 169.2 5.5 3 420480 320
3.335] 12.5/141.3]0.258] 2.83| 1.09]218.6] 197.9] 56.6 40 420480 320
3.006 | 20.4]|134.3] 0.094 2.1 1| 250| 142.7 8.4 6 420480 320
3.782 21| 76.7]0.214] 3.21| 1.07]1175.9 98.7 | 22.0 29 420480 320
2.978 | 17.6] 53.7]/0.305] 2.57| 0.75] 252.7 76.5| 22.8 43 420480 320
3.552 10( 93.3] 0.214] 3.48 1.2] 197.8| 148.2 | 54.9 59 420480 320
3.012 8.8] 89.1]0.197] 3.14 1.2]1 249.4] 147.2 | 58.1 65 420480 320
3.937| 14.9] 47.1]10.301] 2.88]| 0.68] 161.1 50.0 2.9 6 420480 320
3.415| 15.4| 44.8/0.291] 2.89| 0.88] 210.9 61.2 | 16.4 37 420480 320
11]4.629 | 15.5] 63.1]0.269] 3.44| 0.7 95 65.7 2.6 4 420480 320
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