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1.0 OBJECTIVE

The objective of this calculation is to compute the préssure stresses, thermal stresses, and the Green’s
Functions for high (100%) and no (0%) flow thermal loading of the Vermont Yankee Nuclear Power
Station Core Spray Nozzle.

2.0 CORE SPRAY NOZZLE MODEL DESCRIPTION

An axisymmetric finite element model of the core spray nozzle was developed in Reference [1] using
ANSYS [2]. The geometry used in Reference [1] was utilized in this calculation. The material
properties are taken at an average temperature of 300°F. This average temperature is based on a_
thermal shock of 500°F to 100°F, which will be applied to the FE model for Green’s Function
development. Table 1 lists the material properties at 300°F. The meshed model is shown in Figure 1.
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Notes:

2.

Table 1: Material Properties @ 300°F

Coefficient
Modulus of |- of Thermal Thermal i . .
Part . Elasticity, e+6 | Expansion, | Conductivity, - '!’hcr'm.al Specific l:eat, Poiss
Description Material psi o6 Btu/hr-ft-°F Diffusivity, Btu/lb(;)F Ra_
(EX] in/in/°F [KXX] . e ar NU
[ALPX] ’
Safe End SB 166 72Ni-
Weld INCONEL 15Cr-8Fe 29.8 7.9 9.6 0.160 0.1157 0.
Overlay 82 N06600 , '
% Ni- . - _
Nozzle A0 | 12Mo-13 | 267 73 234 0.401 0.1193 0.
Cr-V
_ Mn- : .
Vessel ' GS;':i_‘:?B _ 1/2Mo- 28.0 7.7 23.4 0.401 0.1193 0.
- 1/2Ni
: SA240
3/16 Clad TP 304
80 x 100 ’
Conc. %;‘;’52 18Cr-8Ni 27.0 9.8 9.8 0.160 0.1252 0.
Reduction®® i
Thermal SA312
Sleeve TP304

The material propemcs applied in the analyses are taken from ASME Code, Section I1, Part D 1998 Edition, with 2000 A
information provided in the Design Input Record (page 13 of VY EC No. 1773, SI File No. VY-16Q-209). The use of a Iz
for the original design code is acceptable, since later editions typically reflect more accurate material properties than was
Material Properties are evaluated at 300°F from the 1998 ASME Code, 2000 Addenda, Section II, Part D, except for density and Poissc

values (3].

In the FEM, the 8@ x 10@ Conc. Reduction was modeled as a straight pipe with the material properties of the original des
was replacéd by a new material (SA403 T3 16L). These two stainless steels have the same modulus of elasticity and thern

3. Calculated as [k/(pd)}/12°.
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bt

Core Spray Nozzle Finite E_lemerit Model-

Figure 1: ANSYS Finite Element Model
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3.0 APPLIED LOADS ‘
Both pressure and thermal loads were applied to the finite element model.

3. 1 Pressure Load :
A uniform pressure of 1000 psi was applied along the inside surface of the core spray nozzle and the
reactor vessel wall (Figure 2).” A pressure load of 1000 psi was used because it is easily scaled up or
down to account for different pressures that occur during transients. In addition, a cap load was applied
‘to the piping at the end of the nozzle. This cap load was calculated as follows:

, _ PDi
Lfoar =" 3 2
Do ——Di
P = Pressure = 1,000 psi

Inside Diameter = 9.834 in

Outside Diameter = 10.815 in

ollw)
W

Therefore, the cap load is 4,774 psi. The calculated value was given a negative sign in order for'it to
exert tension on the end of the model. The nodes on the end of the safe end are coupled in the axial
direction (UY, Figure 4) to ensure mutual displacement of the end of the nozzle due to attached piping.
The boundary conditions at the end of the modeled portion of the reactor pressure vessel wall constructed -

to be “symmetric” (Figure 3). '

The ANSYS input file VY_16Q _P.inp generates the core spray nozzlé geometry from
VY_CSN_Geom.inp [1] and performs the internal pressure load case just described. Figure 2, 3 and 4
show the internal pressure distribution, cap load, and symmetry condxtlons applied to the vessel end of

. .the model, respectively.

File No.: VY-16Q-309 Page 7 of 32
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Core Spray Nozzle Finite Element Model

Core Spray Nozzle Internal Pressure Distribution

Figure 2
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Core Spray Nozzle Finite ‘Element Model

Figure 3: Core Spray Nozzle Pr_essui'e Cap Load
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Core Spray Nozzle Finite Element Model

gad

Figure 4: Core Spray Nozzle Vessel Wall Boundary Conditions

ST ?;3&"
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3.2 Thermal Load

Thermal loads are applied to the core spray nozzle model. The heat transfer coefficients (HTC) were
determined using the methodology in the Excel spreadsheet “Heat Transfer Coefficients.xls” , which is

“included in the project files. The HTCs were determined for various regions of the core spray FEM, (see

Figure 5) for two different flow cases. The flow cases are for 100% (3200 gpm [6]) and 0% core spray
flow through the nozzle.

" The 0% flow case simulates a stagnant condition of the core spray nozzle when not in operation (i.c., the

entire core spray nozzle is at the same temperature as the reactor pressure vessel due to reflooding). The .
HTCs for the no flow case are for free convection (stagnant) at the temperature of the reactor pressure
vessel S00°F. The applied boundary fluid temperature is changed to simulate a thermal shock from

- 500°F to 100°F to develop the stress response on the core spray nozzle in the stagnant condition.

The 100% flow case simulates.ope'rational condition of the core spray'nozzle (i.e., the entire core spray
nozzle experiences 100°F water due to injection). The HTCs for the high flow case are for forced and
free convection depending on the region of the FEM. The applied boundary fluid temperature is changed

~ to simulate a thermal shock from 500°F to 100°F to develop the stress response on the core spray nozzle

1 due to mj ection.

For both Green’s Functions, a 500°F — 100°F thermal shock was run to determine the stress response.
For the 0% flow case, the entire inside surface of the FEM was shocked. For the 100% ﬂow case,

only the nozzle flow path was shocked.

3.2.1 Boundary Fluid Temperatures

For the Green’s Functions, a 500°F — 100°F thermal shock was run to determine the stress response to a
degree change in temperature. The temperature on the exterior of the reactor, nozzle, safe end and the
pipe is assumed to be 120 °F (ambient). '

3.2.2 Heat Transfer Coefficients

Figure 5 shows where the heat transfer coefficients were applied to the FEM for the 0% (steady-
state) and 100% core spray flow injection load case. For all the regions, the applied heat transfer
coefficients and the initial temperatures are summarized in Table 2. The heat transfer coefficient for
outside the reactor vessel wall is 0.2 BTU/hr-ft>-°F and the heat transfer coefficient for inside the

reactor vessel wall is 500 BTU/Hr-ft>-°F, from page I-T7-5 of Reference [8].

Table 3 through Table 12 show the excel spreadsheets to calculate the HTC for régions l; 3,5,7,and 9
respectively. These tables calculate the HTC for a certain part of the nozzle using the geometry of the

_bounding piping, the flow rate, and other physical fluid parameters. These tables calculate the Reynolds,

Grashof and Rayleigh numbers in order to determine the HTC for inside surface/annulus forced and
natural convection {4]. For several regions, the resultant HTCs had to be calculated from the partial heat
transfer coefficients. These resultant HTCs are summarized in Table 13. In regions 2, 4, 6, 8, and 10 the
HTCs are interpolated because of the complexity of the material profile. :

File No.: VY-16Q-309
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Region 10 - Region 11
I
Region 9
Region 8 /
- Region 7 /B \\L_
TA~—| ||
Ay ' Region 12

- . ' q
Reg_lén 6 B < \

77
s ’/'

Region 5

Region 4
Region 3

Region2 °

Regién 1

Figure 5: Nozzle and Vessel Wall Thermal and Heat Transfer Boundaries (not to écale)
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Table 2: Heat Traunsfer Coefficients

0% Flow , 100% Flow
HTC Initial HTC
Baihr-feop | LomperatureF | R

500 " 143 500 2693

Ay S R oo e JI' S “35?“?«2? % ‘_'; & 3
e e 00 el ice ?
' ’ 52

S

Regions Initial
Temperature °F

S e

B

0

(1) See Table 13
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Table 3: Heat Transfer Coefficients for Region 1

Pipe lnside Diameter, D = R8BS  inches = 0820 f 100% rated flow = 3,200  gpm
. . . = 0.250 m @T= 549 °F
Flow, % of rated = EEHO0RRTS Density. p= __48.087  ioms’
Fluid Velocity, V = 13.517 fi/sec = 3.200.0 gpm = 1.234236214  Mib/hr
Characteristic Length, L=0 = 0.820 ft= 0.250 m -
Tagis = Tourace. AT = @assumed to be 12% of fluid temperature = 8.40 12.00 24.00 36.00 48.00 60.00 72.00 F
Nata: The sbova assumption is besed an sxpedence with o = 4.67 6.67 13.33 . 20.00 26.67 33.33 40.00 °C
past RPY heat ansfer enolysas . : - Value at Fluid Temperature, T (7] Units
Conversian 70 100 200 300 400 500 600 °F
Water Property Factor (4] 21141 37.78 93.33° 148.89 204.44 260.00 315.56 °C
.k 1.7307 0.5997 0.6300 0.6784 0.6836 0.6611 - 0.6040 0.5071 Wim-"C .
(Thenmal Conductivity) . - 0.3465 0.3640 0.3820 - 0.3950 0.3820 0.34%0 0.2930 Bluhr-ft-*F
‘e 4.1869 4,185 4.179 4229 4313 4522 4.982 6.322 kdkg-*C
(Specific Heal} 1.000 0.998 1.010 1.030 1.080 1.190 1.510 Btulbm-*F
) p ’ .16.018 997.1 994.7 962.7 .917.8 858.6 784.9 679.2 kg/m®
(Density) 62.3 821 60.1 57.3 53.6 49.0 424 tomett®
. 18 1.89E-04 3.24E-04 6.66€-04 1.01E-03 1.40E-03 1.98E-03 315603 mmd.eC
{Volumetric Rate of Expansion) 1.056-04 1.80E-04 3.70E-04 5.60E-04 7.80E-04 1.10E-03 1.7SE-03 #8F
0.3048 9.806 9.806 9.806 9.806 9.806 9.806 9.806 mis?
{Gravitational Constant) 3217 3217 3247 32.47 3217 3217 3247 ft/s?
M 1.4881 9.96E-04 .B.B2E-04 3.07E-04 1.93E-04 1.386-04 1.04E-04 B8.62E-05 kg/m-s
(Dynamic Viscosity) 6.69E-04 4.58E-04 2.06E-04 1.30E-04 ~ 9.30E:05 7.00E-05 5.79E05 Ibmft-s
Pr . 6,980 4,510 1910 1.220 0.950 0.859 1.070 —
____(Prandtl Number)
Calculated P t Formula - 70 100 200 300 400 - 500 6§00 °F
. Reynold's Number, Re . pVDiu 1.0307E+06 15019E+06 3.2317E+06 4.8825E+06  6.3843E+06 7.7540E+06 8.1118E+06 —_
Grashof Number, Gr gﬂATLJI(Wp)z 1.3522E+08  7.0314E+08 1.3383E+10 6.9351E+10  22021E+11 §.7264E+11 1.1864E+12 -
Rayleigh Number, Ra_ ) GiPr 9.4382E+08  3.1712E+09  2.5562E+10 _ B8.4608E+10  2.0920E+11 4.9189E+11 1.2802E+12 o
From [4): i N R T
Inside Surface Forced Convection Heat Transfer Coefficient; o
Hrorces = 0.023Re®%P 4D 7,765.07 9,257.25 13,050.72 16,581.64 16,999.27 WIm-C
: £ . Btwhr-%-oF
% Blusec-in®°F

From (4f:

Case:

Hieo = .

inside Surface Natural Convection Heat Transfer Caefficient:

Enclosed cylinder .

C(GPr)KIL

SRS T
n=  EEEDEET

984.52

1,113.82

Wim%C

File No.: VY-16Q-309
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Table 4: First Partial Heat Transfer Coefficients for Region 3

Pipe Inside Diameter, D = STE0TSETRYS]  inches = 0665 ft 100% rated flow = 3,200 .  gpm
. = 0.203 m @T= 549 °F
Flow, % of rated ii:{}‘:?@* M;@@ i Density, p = 48,087 ot
. Fluid Velocity, V = 20.522 ftisec = 3,200.0 apm = 1.234236214 ~Mib/hr
. . . Characteristic Length, L = D = 0.665 ft= 0,203 m
Tauia = Tsurtsce, AT = assumed to be 12% of fluid tlemperature = 8.40 12.00 24.00 35.00 48.00 60.00° 72.00 °F
Note: The above sssumplion is besed on exporience with = 467 6.67 13.33 20.00 26.67 33.33 40.00 °C
past RV heat Gonsfer anelyses. ] Value at Fluid Temperature, ¥ [7] “Units
. Conversion 70 100 200 300 400 500 600 °F
Water Property Factor [4] 2111 37.78 93.33 148.89 204.44 260.00 315.56 °C
k 1.7307 0.5997 0.6300 0.6784 0.6836 06611 0.6040 0.5071 Wim-*C
(Themmal Conductivity) 0.3465 0.3640 - 0.3920 0.3950 0.3820 0.3490 0.2930 - Btulhr-f-°F
(=Y 4.1889 4.185 4.178 ~ 4229 4,313 4522 _4.982 ’ 6.322 kJMkg-*C
(Specific Heat) ) - 1.000 0.998 1.010 1.030 1.080 1.190 1.510 Bluflbm-"F
I 16.018 9971 9947 962.7 917.8 858.6 784.9 679.2 kgim®
. (Density) . 62.3 62.1 60.1 57.3 53.6 49.0 42.4 b/’
B 18 1.89E-04 3.24E-04 6.66E-04 1.01E-03 1.40E-03 1,98E-03 3.15E-03 mIm*-*C
) {Volumetric Rate of Expansion) . 1.05E-04 1.80E-04 3.70E-04 5.60E-04 7.80E-04 1.10E-03 1.75€-03 ORCF
<] 0.3048 9.806 2.806 9.806 . 9.808 9.806 9.806 9.808 . mis?
(Gravitationat Constant) ) 3247 32.17 32.17 32.17 32.17 32.17 32.17 tys?
n 1.4881 9.96E-04 6.82E-04 3.07€-04 - 1.93E-04 1.38E-04 1.04E-04 8.62E-05 kg/m-s
(Dynamic Viscosity) 6.69E-04 4.58€-04 2.06E-04 1.30E-04 9.306-05 7.00E-05 §.79E-05 Ibm/it-s
Pr " 6.980 4.510 1.910 1.220 0.950 0.859 1.070 —_
{Prandtl Number) . i - :
Calculated Parameter Formula 70 -100 - 200 300 400 500 600 °F
Reynold's Number, Re - pVDIu 1.2700E+06  1.8507E+06 3.9821E+06 6.0161E+06 7.8605E+06 9.5543E+06 9.9952E+06 —
Grashof Number, Gr aPAT M (wpo)? 7.22T9E+07 . 3.7586E+08  7.1540E+09. 3.7071E+10  1.1771E+11 3.0610E+11 6.3954E+11 —
Rayleigh Number, Ra GrPr. 5.0451€+08  1.6951E+09  1.3684E+10  4.5226E+10_ 1.1183E+11 2.6294E+11 6.8430E+11 —
From [4): . . - X
Inside Surface Forced Convection Heat Transfer Coefficient: co .
Hirces = 0.023Re%%P>%/D - 11,307.23 13,480.10 8,004.02 22,266.42 24,145.63 24,75378 23,524.01 Wimt-*C
» 157 1 iy 13 .
GHLEE SRIER 5 Btuhr-fE-F
kL Btulsec-in®°F
From [4]: . .
Inside Surface Natural Convection Heat Transfer Coefficient:
Case: Enclosed cylinder = = (ESIeiP ey ) bt e
Hee = C(GrPrY WL Wim?-C
BtuwhetE-F
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Table S: Second Partial Heat Transfer Coefficients for Region 3

Pipe Inside Diameter, D = EEHSEINEEY  inches = . 0.820
= 0.250 m
Outer Pipe, Inside radius, f, = 4917 inches = 0410 1t .
’ 0.125 m
Inner Pipe Qutside Diameter, O = & 0.719 ft
, = 0219 m
inner Pipe, Outside radius, = 43125 inches = 0.359 ft
0.110 m .
- Fluid Velocity, V = 13.517 fusec=  [EEIHOTIO0TE gpm
Characteristic Length, L=D = 0.820 ft= 0.250 m )
{Outside) Tra - Tourtace, AT = 8.40 12.00 24.00 36.00 48.00 60.00 72.00 °F
= 4.67 667 13.33 20.00 2667 3333 40.00 °C
Value at Fluid Temperature, T {7] Units
Conversion 70 100 200 300 400 o _500 600 °F
Water Property Factor [4) 21.11 37.78 . 9333 148.89 204.44 260,00 315.56 °C
K X 1.7307 0.5997 0.6300 06784 06836 0.6611 0.6040 0.5071 Wim-*C
{Thermal Conductivity) 0.3465 0.3640 0.3920 ° 03950 0.3820 0.3490 0.2930 Blu/hr-fl-oF
8 41869 4.185 ' 4179 4.229 © 4313 4522 4.982 6.322 kJ/kg-"C
{Specific Heat) . 1.000 0.928 1.010 1.030 1.080 1.190 1.510° Btu/ibm-°F
o 16.018 997.1 994.7 962.7 917.8 8586 7849 6792 kg/m®
{Density) . 623 62.1 ) 60.1 57.3 . 53.6 - 49.0 424 Ibmyit’
i} . 18 1.89E-04 3.24E-04 6.66E-04 1.01E:03 1.40E-03 ... 1.98E-03 3.15E-03 m3m>-°C
{Volumetric Rate of Expansion) - ’ . 1.05€-04 1.80E-04 3.70E-04 5.60E-04 7.80E-04 1.10E-03 1.75€-03 1245 °F
. a 0.3048 i 9.806 9.806 9.806 9.806 9.806 9.806. 9.806 mis?
{Gravitational Constant} ) 32.17 3217 ) 32.17 32.17 . 3217 i 32.17 3217 fs?
" 1.4881 9.96E-04 6.82E-04 3.07E-04 - 1.93€-04 1.388-04 1.04E-04 8.62E-05 kg/m-s
(Dynamic Viscosity) . 6.69E-04 4.5BE-D4 2.06E-04 1,30E-04 9.30E-05 7.00E-05 5.79E-05 Ibmift-s
Pr B 6.980 4.510 1.910 - 1.220 0.950 0.859 1.070 —
{Prandtl Number) . .
Calculated Parameter . Formula 70 . “100 - ~ 200 . 300 400 500 600 °F
Reynold's Number, Re- . pVD/ 1030724 1501950 3231701 4882481 6384268 7754027 8111787 —
Grashof Number, Gr PATL(wp) 1352176842 703144247.6 13383382850 60350803914 2.2021E+11  572636E+11  1.19642E+12 -
Grashof Number, Gry OBAT(G-0 (wip)® - | 3.14E+04 1.63E+05 3.11E+06 1.61E+07 5.11€+07 1.33E+08 2.7BE+08 —
Rayleigh Number, Ra GrPr 9438194359 3171180557 25562261244 84607980776  2.092E+11 4918%4E+11  1.28017E+12 -—
Rayleigh Number, Ra GrgPr 2.19E+05 7.37E+05 5.94E+06 1.97E+07 . 4.86E+07 1.14E+08 2.97E+408 —
From [4): - . ’
AAnnutus Natural Convection Heat Transfer Coefficient:
Case: Enciosed cylinder =
H, C(GrPr)" 182.78
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Table 6: First Partial Heat Transfer Coefficients for Region 5

Pipe Inside Diameter, D = FEST0810GR  inches = 0665  ft 100% rated flow =

gpm

3,200
= 0203 m : @T= 549 £
Flow, % of rated = RA00R ] o Density, p=  48.087 . ibmst’
Fluid Velocity, V= 20.522 fsec = 32000 gpm= | 1234235214  Mibinr
. Characteristic Length, L=D = 0.665 ft= ‘0203 -m .
Toig - Taurtace. 8T = ?ssuﬁ\ed to be 12% of fluid temperature = B8.40 . 12.00 24.00 3600 - 48.00 60.00 72.00 °F
Note: Tho above assumplion is based on exporienca with = 467 667 13.33 20.00 2667 33.33 40.00 *C
past REV heat branstor anelyos. i Value at Fluid Temperature, T [7) L Units
. Conversion 70 100 200 300 400 500 600 °F
Water Property ) Factor {4} 21.11 37.78 93.33 148.83 204.44 260.00 315.56 °C
k - 1.7307 0.5997 0.6300 0.6784 0.6836 0.6611 Q.6040 0.5071 Wim-°C
{Thermal Conductivity) 0.3465 0.3640 0.3920 0.3950 0.3820 0.34%0 0.2930- Blumr-ft-"F
o  4.1869 4.185 4179 4229 4313 4522 4.982 6.322 kJikg-°C
(Specific Heat) 1.000 } 0.998 1.010 1.030 . 1.080 1.190 1.510 Btu/lbm-F
o 16.018 997.1 994.7 S62.7 917.8 858.6 7843 . 6792 kgim®
(Density) : 62.3 62.1 60.1 57.3 53.6 49.0 424 - bt
B ) 18 1.89E-04 3.24E-04 6.66E-04 1.01E-03 1.40E-03 1.98£.03 . 3.15€-03 m3m>-°C
(Vofumetric Rate of Expansion) . 1.056-04 _ * 1.80E-04 3.70e-04 5.60E-04 7.80E-04 1.10E-03 1.75€-03 1R F
9 0.3048 9.806 9.806 9.806 9.806 9.806 9,806 9.806 wis?
(Gravitational Constant) 3217 32.17 | 32.17 32.17 32.17 32.17 32.17 fiis?
" 1.4881 1 9.96E-04 - 6.82E6-04 3.07E-04 1.93€-04 1:386-04 1.04E-04 862E-05 kg/m-s
, (Dynamic Viscosity) 6.69E-04 4.58E-04 2.06E-04 1.30E-04 9.30E-05 7.00E-05 5.79E-05 ibmft-s
e 6.980 4.510 1910 1.220 0.950 0.859 1.070 —
H (Prandtl Number) B L
i Calculated Parameter Formula 70 100 200 . 300 400 . 500 600 - °F
Reynold's Number, Re . PVO/ 1.2700E+06 1.8507€+06 3.9821E+06 6.0161E+06  7.8865E+06 9.5543E+06 9.9952E306 -
Grashof Number, Gr gBATL (o) 7.2279E+07 . 3.7586E+08 .7.1540E+09 37071E+10  1.1771E+11 3.0610E+11 6.3954E+11 —
; Rayleigh Number, Ra : GrPr $.0451E+08 _ 1.6951E+09  1.3664E+10 _ 4.5226E+10  1.1183E+11 2.6284€+11 6.8430E+11 -
: From [4]: - . . . - . B <
{ © - linside éurface Forced Convection Heat Transfer Coefficient: .
13,480.10 753.78 3,524.01 wim-*C

22,266.42

19,004, 24145,
00 ,

Hures = 0.023Re%®PP /D

: . From [4]: ] ;
Inside Surface Natural Convection Heat Transfer Coefficient: . I . o } . |
Case: ] ) Enclosed cylinder C= %’K%?M n= S e R T e s

Hiree = C(GPr) KL 243.85 346.81 - 73.50

!
i

S

]

Wim?-"C
Btuhr-#-F
Btursec-in’."F

j File No.: VY-16QQ-309
Revision: 0
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Table 7: Second Partial Heat Transfer Coefficients for Region 5

. Pipe Inside Diameter, D =g~ﬁw‘“§%‘ gk inches = :
! . = 0.229 m
Outer Pipe, Inside radius, r, = 45 inches = 0.375 ft
i 0.114 m
inner Pipe Outside Diameter, D = ZFEEEISHER  inches = 0719
. = 0.219 m
Inner Pipe, Outside radius, ;= 4.3125 inches = 0.359" ft
' 0410 m
Fluid Velocity, V = 16.138 tusec=  BEBO00B0EE gpm
Characteristic Length, L=D = 0.750 ft= 0.229 m .
(Outside) Tags - Taurtace, AT = 8.40 12.00 2400 36.00 48.00 60,00 7200  °F
= 467 6.67 13.33 20.00 26.67 33.33 40.00 °C
. Value at Fluid Temperature, T (7] Units
Conversion 70 100 200 300 400 500 600 °F
Water Property Factor [4) 21117 -37.78 93.33 148.89 204.44° 260.00 315.56 °C
Tk 1.7307 0.5997 0.6300 . 0.6784 0.6836 0.6611 0.6040 0.5071 Wim-*C
(Therma! Conductivity) 0.3465 0.36840 0.3920 0.3950 0.3820 0.3490 0.2930 Blulty-ft-°F
[ 4.1869 4.185 4,179 4.229 4313 4.522 4,982 6.322 kdikg-°C
(Specific Heat) ) 1.000 0.998 1,010 1.030 1.080 1.190 1510 _Btullom-°F
P 16.018 997.1 9947 962.7 9178 858.6 784.9 679.2 kglmz .
(Density) : 62.3 62.1 60.1 57.3 . 536 49.0 424 bmif
1.8 1.89E-04 3.24E-04 6.66€-04 1.01E-03 1.40E-G3 - 1.98E-03° 3.156-03 m¥m3-C "
(Valumetric Rate of Expansion) 1.0SE-04 1.80E-04 3.70E-04 5.60E-04 - 7.80E-04 1.10E-03 1.75€-03 1eH0F
P 0.3048 9.806 9.806 9.806 9,806 9.806 9,806 9.806 mis?
{Gravitational Constant) 32.17 3217 . 32.17 32,17 3217 3217 32147 | fus?
- n 1.4881 " 9.96E-04 6.82E-04 3.07E-04 1.93E-04 1.38E-04 1.04E-04 8.62E-05 kg/m-s
(Dynamic Viscosity) . 6.68E-04 4.58E-04 2.06E-04 1.30E-04 9,30E05 7.00£-05 5.79E-05 lbmift-s
Pr 6.980 4510 1.910 1.220 0.950 0.859 1.070 —
(Prandti Number} - ) .
Cal d Parameter __Formuia . 70 100 200 300 400 500 600 . °F
Reynold’'s Number, Re pVDIu 1126238 1641130 531215 5334924 6975877 8472567 8863480 —_
Grashof Number, Gr aBATL (/o) 103650263.4 538990790.5 10258947757 53160421562 1.68801E+11  4.3895E+11 9.17108E +11 —
Grashof Number, Grg GBAT(ro0) i) 9.37E+02 4.87E+03 9.28E+04 4.B1E+05 1.53E+06 3.97E+08 8.29E+06" —
Rayteigh Number, Ra GrPr 723478838.9 2430848465 19594590215 64855714305 1.60361E+11 3.77058E+11 9.81306E+11 -
Rayleigh Number, Ra GrgPr 6.54E+03 ' 2,20E+04 1.77E+05 5.86E+05 1.45E406 3.41E+406, ' 8.87E+06 —
From {4]: .
Annpulus Natural Convection Heat Transfer Coefficient; .
Enclosed cylinder = n= ﬁ%"%’ﬁ 2 2 ﬁ%‘m
n . 1.044.55

File No.: VY-16Q-309
Revision: 0
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Table 8: First Partial Heat Transfer Coefficients for Region 7

3,200

Pipe Inside Diameter, D = FEESHGEIEER  inches = 0665  ft 100% rated flow = gpm
= 0.203 m @T= §49 °F
Fiow, % of rated -Egm _50036 : Censily, p= =~ 48.087 b A
Fluid Velocity, V = 20.522 filsec = 3,200.0 gpm = 1.234236214  Mibfe :
Characteristic Length, L =D = 0.665 = 0203 m .
Touid - Teutroe. AT = assumed to be 12% of fluid- temperature = 8.40 12.00 24.00 .36.00 48.00 60.00 72.00 °F
Note: The abave sssumption is besed on expefisnce wih = 467 6.67 13.33 20.60 2667 33.33 40.00 °C
post RPY heat fmnsfer analyses. . . ; i Value at Fluid Temperature, T [7] Units
- . . Conversion 70 100 200 300 400 500 600 °F
. Water Property Factor [4] 2111 37.78 '93.33 148.89 - 204.44 260.00 315.56 °C
) “k 1.7307 0.5997 0.6300 0.6784 06836 0.6611 0.6040 0.5071 . Wim-*C
(Thermal Conductivity) -0.3465 0.3640 0.3920 0.3950 0.3820 0.3430 0.2930 Biufhr-fi-°F
C 4.1869 4,185 4.179 4.229 4313 4.522 4.982 6.322 kJkg-"C
(Specific Heat) 1.000 0.998 1.010 1,030 1.080 1.190 1.510 Biu/lbm-*F
P 16.018 997.1 984.7 962.7 917.8 858.6 784.9 679.2 kglm°
(Density) . . 623 62.1 60.1 57.3 536 49.0 424 tbm/®
18 1.89E-04 3.24E-04 6.66E-04 1.01E-03 1.40E-03° “1.98£-03 3.15E-03 mIim*-C
(Volumetric Rate of Expansion} 1.05E-04 | 1.80E-04 3.70E-04 5.60E-04 7.80E-04 1.10E-03 1.756-03 1OHC-F
: g 0.3048 9.806 9.806 9.806 9.806 ' 9.806 9.806 9.806 mis®
(Gravitatiohal Constant) 5 32.17 3217 32.17 32.17 3217 32.17 32147 X ftlsé
m 1.4881 9.96E-04 6.82E-04 3.076-04 1 .9;35—04 1.38E-04 1.04E-04 8.62E-05 kg/m-s
{Dynamic Viscosity) 6.69ED4 - 4.58E-D4 2.06E-04 1.30E-04 9.30E-08 7.00E-05 - 5.79E-05 Ibmift-s
Pr 6.980 4510 1.910 1.220 0.950 0.859 1.070 —
_(Prandtl Number) i -
Calculated Parameter Formula 70 100 200 300 400 500 600 “°F
Reynold's Number, Re pVDi 1.2700E+06  1.8507E+406 3.9821E+06 6.0161E+06  7.8665E+06 9.5543E+06 - 9.9952E+06 —
. Grashof Number, Gr gRATL Hwp)? 7.2279E+07°  3.7586E+08  7.1540E+09  3.7071E+10  1.1771E+11 3.0610E+11 6.3954E+11 —
;' . _Rayteigh Number, Ra GrPr 5.0451E+08 1.6951E+03  1.3664E+10  4.8226E+10  1.1183E+11 2.6234E+11 6.8430E+11 —
: From [4]: . ’ -
Inside Surface Forced Convection Heat Transfer Coefficient:
Hioea = 0. 023Re° P ‘wo 11 307 23 Wim*=C

From [4]:

Case:

inside Surface Natural Convect:on Heat Transfer Coefficient:

Hiree =

Enclosed cylinder
C(GrPr)"kL

[ —

4 Biufsec-in®"F

Blumr-f2°F

J File No.: VY-16Q-309
7 Revision: 0
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Table 9: Second Partial Heat Transfer Coefficients for Region 7

Pipe Inside Diameter, O = SSEA0070580  inches = . 0835 . ft
o ) = 0.255 m
Quter Pipe, Inside radius, r, = 5.01 inches = 0.418 ft
) . ’ ! 6127 . m
Inner Pipe Outside Diameter, D = SEEEEIEEE  inches = 0719 # '
: : = 0.219 m
fnner Pipe, Outside radius, r; = T 43125 inches = 0.359 it
’ ) o 0110 m
Fluid Velacity, V = 13.020 fysec=  BESPOOOGO gpm
Characteristic Length, L. =D = 0.835 = 0.255 m .
(Outside) Trig - Tautyoe, 8T = 8.40 "12.00 24.00 36.00 48.00 60.00 7200 F
. =" 4.67 6.67 13.33 20.00 26.67 . 3333 40.00 °C
Value at Fluid Temperature, T [7] ) Units
Conversion 70. 100 200 300 400 500 500 °F
Water Property Factor [4) 2111 37.78 - 93.33 148.89 204.44 260.00 315.56 °C
k 1.7367 0.5997 0.6300 06784 0.6836 0.6611 " 0.6040 0.5071 Wim-"C
{(Thermat Canductivity) 0.3465 0.3640 - - 0.3920 0.3850- 0.3820. 0.3490 0.2930 Btuhr-fi-°F
[N 4.1869 4.185 4.179 4.229 4.313 14522 . 4982 6.322 kJikg-"C
(Specific Heat) ) - 1.000 0.998 - 1.010 1.030 1080 . 1,190 1.510 Btu/lom-°F
p 16.018 997.1 994.7 962.7 917.8 858.6 784.9 ) 679.2 kg/m®
(Density) - 62.3 621 60.1 57.3 536 . 49.0 424 oAt
i) : 1.8 1.89E-04 3.24E-04 6.66E-04 . 1.01E03 - 140E-03 1.98E-03 . 3.15E-03 mim’-=C
' {Volumetric Rate of Expansion) 1.0SE-04 1.80E-04 3.70E-04 5.60E-04 7.80E-04 1.10E-03 1.75E-03 CHC-F
1 0.3048 9.806 9.806 9.805 9.806 - 9.806 9.806 . 9.806 mis?
(Gravitational Constant) 3217 3217 3217 32.17 3247 3217 3217 fys?
. e 1.4881 X 9.96E-04 6.82E6-04 3.07E-04 1.935_—04 . 1.38E-04 . 1.04E-04 8.62E-05 kgfm-s
(Dynamic Viscosity) 6.69E-04. 4.58E-04 2.06E-04 1.30E-04 9.30E-05 7.00E-05 5.79E-05 Ibm/it-s
Pr 6.980 4510 1.910 1.220 0.950 0.859 1.070 =
(Prandil Number) )
Calculated Parameter Formula 70 100 . - 200 300 400 500 6§00 °F
Reynold's Number, Re pVOM 1011591 1474069 3171750° 4791848 6265758 7610090 - 7961209 —
Grashof Number, Gr 9aBAT N wp)? 143036227.2 743801381.9 14157235436 73360798959 2.32943E+11  6.05747E+11 1.2656E+12 —
Grashof Number, Gr BAT (1) (wp) 4.82E+04 2.51E+05 4.78E+06 247E+07  7.86E+07 2.04E+08 4.27€+08 -
Rayleigh Number, Ra GrPr 998392866.2 3354544233 27040319682 BIS00174730 2.21296E+11  520336€+11 1.35419E+12 —-
. Rayleigh Number, Ra GrsPr 3.37E+05 113E+06 9.12E+06 3.02E+07 7.46E+07 1.76E+08 4.57E+08 —
From [4]:
Annulus Natural Convection Heat Transfer Coefficient:
: Case: Enclosed cylinder . = SRS R
C(GrsPrI K11} 172.61 607.56 617
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Table 10: Third Partial Heat Transfer Coefficients for Region 7-

Pipe Inside Diameter, D = BRAATWEGEE  inches = T0979 R
= 0.298 m
- Outer Pipe, inside radius, r, = 5.875 inches = 0.480 ft
0.143 m
. Inner Pipe Outside Diameter, D = SRET0E0EEE  inches = 0896  ft
‘ o= 0273 m
Inner Pipe, Outside radius, r, = 5.375 inches = 0.448 ft
- 0.137 m
Fluid Velocity, V = 9.468 tysec=  PEBPERI000E oom
Characteristic Length, L =D = 0.979 ft= 0,288 m . )
(Outside) T - Teutsce, AT = 840 . 42.00 24.00 36.00 " 4800 60.00 72.00 °F
= 4.67 6.67 13.33 20.00 26.67 33.33 40.00 °C
Value at Fluid Temperature, T {7} Units
Conversion 70 100 200 300 400 500 600 °F
Water Property Factor [4] 21,11 37.78 93.33 148.89 204.44 260.00 315.56 °C
3 . 1.7307 0.5997 0.6300 0.6784 0.6836 0.6611 0.6040 0.5071 Wim-*C
{Thermal Conductivity) 0.3465 0.3640 0.3920 0.3950 0.3820 0.3490 0.2930 Btuhr-fi-°F
[ 4.1869 4.185 4.179 4.229 4.313 4.522 4.982 6.322 kJkg-°C
(Specific Heat) 1.000 0.998 1.010 1.030 1.080 1.190 1.510 Bu/lbm-°F
p 16.018 997.1 994.7 8627 9178 8586 . 7849 679.2 kg/mJ
(Density) . 62.3 62.1 60.1 57.3 536 . 49.0 42.4 bt
1.8 1.89€-04 3.24E-04 6.66E-04 1.01E-03 1.40E-03 1.986-03 3.15E-03 mm-°C
(Volumetric Rate of Expansion) 1.05E-04 1.80E-04 3.70E-04 5.60E-04 7.80E-04 1.10E-03 1.756-03 foF
. g 0.3048 9.806 9.806 . 9.806 9.806 9.806 9.806 - 9.806 mist
(Gravitational Constant) 3217 C 3217 32.17 3217 32.17 3217 3217 [
n 1.4881 9.96E-04 6.82E-04 3.07E-04. 1.93E-04 1.38E-04 1.04E-04 8.62E-05 kgim-s
{Dynamic Viscosity} 6.69E-04 4.58E-04 2.06E-04 1.30E-04 9.30E-05 7.00E-05 5.79E-05 tbm/ft-s
Pr ) 6.980 4.510 1.910 1.220 0.950 0.859 1.070 —
(Prandti Number) .
Calculated Parameter Formula 70 100 200 300 400 500 6090 °F
" . Reynold's Number, Re pVDI 862650 1257036 2704761 4086325 5343225 6488626 ' 6789048 -
Grashof Number, Gr aBATLwp)? 2306516054 1199409312 22829105215 1.1B297E+11 37S631E+11  9.767916+11  2.040B3E+12. -
Grashof Number, Grs BAT(ror) NP 1.78E+04 9.24E404 1.76E+06 9.12E+08 2.89E+07 7.536+407 1.57E+08 -
Rayleigh Number, Ra GrPr 1609948206 5409335995 43603590961 1.44323E+11 3.56849E+11 8.39063E+11 2.18369E+12 —_
Rayleigh Number, Ra GrgPr © 1.24E+05 4. 17E+05 3.36E+06 1.11E+07 2.75€+07 6.47E+07 1.68E+08 —
" {From (4] o
‘VAnnulus Natural Convection Heat Transter Coefficient:
Case: . Enclosed cylinder C=
H C(GrsPr)" 263.98
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Table 11: First Partial Heat Transfer Coefficients for Region 9

Pipe Inside Diameter, D = SETI000  inches = 0665  ft 100% rated flow = 3,260  gpm
= 0203 m @T= 643 °F
Flow, % of rated = SERe A ROoEIEa] . Density, p =~ 48.087  pmiii®
Fluid Velocity, V = 20.522 fi/sec = 3,200.0 gpm = 1.234236214  Mib/hr
Characteristic Length, L =D = 0665 ft= 0.203 m . . :
Touia = Tsurtace, AT = assumed to be 12% of fluid temperature = 8.40 12.00 24.00 36.00 48.00 60.00 72.00 °F
Nola: The above assymetion is bascd on experience with = 4.67 6.67 13.33 . 20.00 26.67 33.33 40.00 °c
past REV haat transfer analyses. - ) - Value at Fluid Temperature, T [7] Units
. Conversion 70 100 i 200 300 400 500 600 °F
Water Property * Factor [4} 21.11 37.78 93.33 148,89 204.44 260.00 315.56 °C
k - 1.7307 0.5997 0.6300 0.6784 0.6836 06611 0.6040 0.5071 . Wim-C
(Thermai Conductivity) 0.3465 - 0.3640 0.3920 0.3950 0.3820 0.3490 0.2930 Btufhr-ft-°F
’ [N 4.1869 4.185 4.179 4.229 4313 4522 4.982 6.322 - kdkg-C
{Specific Heat) 1.000 0.998 1.010 1.030 1.080 1190 1.510 Biw/ibm-*F
p . 16018 997 1 994.7 962.7 917.8 858.6 7849 8792 Kkg/m®
(Density) : ) 62.3 62,1 60. ,57.3 838 49.0 424 bt
o . 1.8 1.89E-04 3.24E-04 6.66E-04 1.01E-03  1.40E-03 1.98E-03 . 3.156-03 mime=C
(Valumetric Rate of Expansion) 1.05E-04 1.80E-04 3.70E-04 5.60E-04 7.80E-04 -1.106-03 . 1.75E-03 #40-F
[s] ’ '0.3048 9.806 8.806 9.806 9.806 9.806 9.806 . 9.806 mts?
(Gravitational Constant) 32.17 32.17 3217 3217 ° 3217 32.17 32.17 fi/s®
o . 1.4881 © 9.96E-04 6.82E-04 3.07E-04 1.93E-04 1.38E-04 - 1.04E-04 8.62E-05 kg/m-s
{Dynamic Viscosity) 6.69E-04 4.58E-04 2.06E-04 1.30E-04 9.30E-05 7.00E-05 5.79€-05 bmfit-s
Pr 6.980 4510 1.910 1.220 0.950 0859 | 1.070 —
{Prandti Number) }
._Calculated Parameter Formula 70 100 200 . 300 400 500 .__600 °F
Reynold's Number, Re pVD . 1.2700E+06  1.8507E+06 3.9821E+06 6.0161E+06  7.8665E+06 9.5543E+06 9.9952E+06 —
Grashbof Number, Gr . aBATL M (wp)? 7.2279E+07  3.7586E408  7.1540E+08 3.7071E+10 1LI771E+N 3.0610E+11 6.3954E+11 s —
Rayleigh Number, Ra . GrPr 5.0451E+08  1.6951E+09  1.3664E+10  4.5226E+10  1.1183E+11 2.6294E+11 6.8430E+11 L —
AFrom [4]. ~ . -
Inside Surface Forced Convection Heat Transfer Coefficient: . . )
: Hioed = 0.023Re®P™“wD  11,307.23 3,480.1 22,266.42 24,145.63 Wim-oC
A7 Gessiiy 5 Bluhr-fC-F
& Blussec-in®-F |
From (4]
. {lnside Surface Natural Convechon Heat Transfer Coefficient: -
Case: Enclosed cylinder . = n= b Sle Y ”’fé’;’?’e@?ﬁfﬁ% R )
Hiee = C(GrPr)"kiL 243.85 1,037.27 125133 WinZ-C
o Bturhr-(2-°F
1 Btursec-in"F
File No.: VY-16Q-309 : Page 22 of 32
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Table 12: Sécond Paftial Heat Transfer Coefficients for Region 9

0.979

Pipe Inside Diameter, b = FARFFESHA  inches= ft
0.298 m
Outer Pipe, Inside radius, 1, = 5875 inches = 0.490 ft
’ - 0149 - m
Inner Pipe Outside Diameter, D = EUFHER% inches = 0719  #
R . = a.219 m
Inner Pipe, Outside radius, ;= inches = 0.359 ft
, . 0110 m
. Fluid Velocity, V = 9.468 fusec=  HEROBRG00YE gpm
Characteristic Length, L =0 = 0.979 = 0.298 m
(Outside) T - Taymre. AT = 8.40 12.00 24.00 36.00 48.00 60.00 72.00 °F
= 4.67 6.67 13.33 20.00 26.67 '3333 40.00 °C
Value at Fluid Temperature, T[7] . Units
. Conversion 70 100 200 300 400 500 600 °F
Water Property Factor [4] 2111 37.78 93.33 148.89 204.44 260.00 315.56 °C
k 1.7307 0.5897 0.6300 0.6784 0.6836 0.6611 0.6040 0.5071% Wim-*C
{Themal Conductivity) 0.3485 0.3640 0.3920 0.3950 0.3820 - 0.3480 0.2930 Btufhr-f-°F
(>3 4.1869 4.185 4.179° 4.229 4313 4.522 4,982 6.322 kJ/kg-"C
(Specific Heat) 1.000 0.998 1.010 1.030 1.080 1.190 1.510 Bturlbm-fF
o 16.018 997.1 994.7 962.7 917.8 858.6 784.9 679.2 kglm"‘
(Density) 62.3 62.1 60.1 57.3 53.6 49.0 42.4 b/t
: . 1.8 1.89E-04 3.24E-04 6.66E-04 1.01E-03 1.40€-03 -1.98E-03 3.15E.03 mim’-°C
{Volumetric Rate of Expansion) 1.05E-04 1.80E-04 3.70E-04 5.60E-04 7.80E-04 1,10E-03 1.75E-03 RCF
9 0.3048 9,806 9.806 9.806 9806 9,806 9.806 9.806 mis®
{Gravitational Constant) ) 32.17 © 3217 . 32.17 3217 32.17 32.17 3217 firs®
N . 1.4881 9.96E-04 6.82E-04 3.07E-04 1.93E-04 1.386-04 1.04E-04 8.62E-05 kg/m-s
(Dynamic Viscosity) 6.686-04 4.58E-04 2.06E-04 1.30E-04 9.30E-05 7.00E-05 5.79E-05 ibmfft-s
Pr 6.980 4.510 1.910 1.220 0.950 0.859 1.070 —
{Prandil Number} - .
Calculated Parameter - Formula 70 100 200 360 400 506 600 °F
Reynold's Number, Re oVDIu 862650 1257036 - 2704761 4086325 5343225 6489626 6789048 -—
Grashof Number, Gr GBATLY(wp)? | 230651605.4 1198409312 22829105215 1.18207E+11 3.75631E+11  976791E+11 ~ 2.04083E+12 —
Grashaf Number, Grg 9PAT(r-c) Nwp)® |  5.42E+05 2.82E+06 5.37E+07 2.78E+08 8.83E+08 2.30E+09 4.80E+09 —
Rayleigh Number, Ra GrPr 1609948206 5409335995 43603590961 1.44323E+11  3.56849E+11 8.39063E+11 2.18369E+12 —
Rayleigh Number, Ra  GrgPr 3.79E+06 - 1.27E+07 1.03E+08 ' 3396408 8.39E+08 1.97€+09 5.13E409 —

From [4]:

Annulus Natural Convectit
Case:

H

on Heat Transfer Coefficient;

Enclosed cylinder

405.

0
94

R RoTEEn Y
0.03

44
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- Although the thermal sleeve was excluded from the analysis, its effect had to be included in the finite.
element model. For several thermal regions, the resultant HTCs had to be calculated from the partial heat
transfer coefficients (HTC; in Table 13). These are generat_ed by “Heat Transfer Coefficients.xls”.

1 I T, } 1 T, 1 T
= +—t 1+ = [+ =
HTC,,, \HTC, TC, HTC, TC, Hrc,, 1C,
Where:
HTCRes Resultant HTC
HTC; = HTC of i"™ material
Y - = Thickness of i"" material _
TC; = Thermal Conductivity of i" material

The reference for this equation is [4].

Table 13: Resultant Heat Transfer Coefficients for the Regions

100% Flow B
Material . Material
. ¥ L . ‘Thermal
Regions HTCH Thermal Conductivity, | pysotness [ft) HICH Conductivity, Brathe]  Thickness [ft) HTCI
Bowhe-ft-°F oE
5697.98 ' v
393143 98 0.0268 56,18
363142 98 0.0268 144.04
393147 98 0.0268 85.17
3.991.42 98 0.0268 $5.17 53 0.6304 $7.30
3.921.42 58 0.0268 61.68.
500 ] e S
0.2 ' ]
, . 0% Flow
: j Material ‘ Material o
. H R i Thermat
Regions HrCl Thermal ConductVity, | pyickness [ft] HTCH Conductivity, Brwhrd  Thickness |ft] HTCI
Bawhrft-F s i
93 0.0768 50,18
938 0.0268 tagod o
58 0,068 8517 _
58 0.0268 8517 98 0.0304
98 0.0268 61.68 |
<3 0.2 ok
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4.0 THERMAL AND PRESSURE LOAD RESULTS

The two flow dependent thermal load cases outlined in previous section were run on the core spray FEM.
For ANSYS, the thermal transient input files “VY_16Q_T100.inp,” “VY_16Q TO.inp,” for 100% and
0% flow, respectlvely The stress input filenames are “VY_16Q_ST100. mp”and “VY 16Q . STO np,”

respectively.

The limiting safe end location was chosen based on the highest thermal stress intensity at 100% flow.
Node 3719 on the inside surface of the core spray nozzle was selected for the safe end analysis and

shown in Figure 6.

U

[P

NODAL SOLUTION NODAL SOLUTION ’
v APR 27 2007 : . APR 27 2007
STEP=26 16:10:09 | STEP=26 16:10:09
SUB =1 : S5UB =1
TIME=2.5 TIME=2.5
. SINT (AVG) SINT (AVG) e;;
DMX =.816948 DMX =.816948 ;
SMN =97.958 SMN" =97.958
SMX =75874 SMX =75874
Node 3719 - Node 3737
Node 3719 Node 3737
1693 ' " ==
8517 25357 ) 42196 59035 75874 59635 75874
Core Spray Nozzle Finite Element Model]

Figure 6: Safe End Critical Thermal Stress Location, Node 37i9
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* The limiting blend radius location was chosen based upon the highest pressure stress intensity. Node
-2166 on the inside surface of the blerd radius was therefore selected for the nozzle forging analysis and
shown in Figure 7. The highest thermal stress and pressure stress occur very close to the same location in
the nozzle forging region. Therefore, this location is a reasonable choice for the limiting location.

: ANSYS
SOLUTION o} SOLUT ST
NODAL ¥ APR 20 2007 NODAL SOLUTION APR 20 2007
SUB =1 - 14:19:40 SUB =1 14:19:40
TIME=1 TIME=1
SINT {AVG) SINT (AVG)
DMX =.10001 DMX =.10001
SMN =7.973 SMN =7.973
SMX =35859 SMX =35859
Node 2166 Node 2166 .

Node 2155

Node 2155

3 5 ’ 39 Z
3991 11958 19925 27892 35859 19925

Core Spray Nozzle Finite Element Model

35859

Figure 7: ' Blend Radius Lirhiting Pressure Stress Location; Node 2166
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The stress intensity time history for-the critical safe end and blend radius paths were extracted using the

"ANSYS post-processing file “extract100.inp” for 100% flow. This produced the two files,

“SE_F100.out” and “BR_F100.0ut,” which contain the thermal stress history. The membrane plus

bending stresses and total stresses for the Green’s Functions were extracted from these files to produce
* the four files “SE_F100.cln, BR_F100.cIn” and “SE_F100_INSIDE.RED, BR_F100_INSIDE.RED.”

- The stress intensity time history for the critical safe end and blend radius paths were extracted using the
ANSYS post-processing file “extract0.inp” for 0% flow. This produced the two files, “SE_F0.out” and
“BR_F0.out,” which contain the thermal stress history. The membrane plus bending stresses and total
stresses for the Green’s Functions were extracted from these files to produce the four files “SE_FO0.cln,

BR_FO.cln” and “SE_F0_INSIDE. RED BR_F0- INSIDE.RED.”

As the models were run w1th a 400°F step change in temperature, and the Green’s Functions are for a 1°F.
step change in temperature, all data values were divided by 400. The governing Green’s Functions for
the core spray nozzle durmg 100% flow and 0% flow are shown in Figure 8 through Figure 11. The data

for the Green sF unctlons is included in the files:

0% Flow Rate:
SE Flow0_T_ Green xls
SE_FlowO_M+B Green.xls
- BLEND Flow0 M+B_Green.xls
BLEND_Flow0_T_Green.xls

100 Flow Rate:
SE Flow100_T Green. xls
SE Flow100 M+B-Green.xls
BLEND_ Flow100 M+B_Green.xls
BLEND Flow100 T Green.xls
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Figure 8: Safe End Total Stress History, 100% Flow
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- Figure 9: Blend Radius Total Stress History, 100% Flow
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30000

[—szsx
25000
. 20000
% 15000
-+ 10000 \i
1] -
[} 200 600 800 1000
Figure 10: Safe End Total Stress History, 0% Flow
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/ [—szsx
20000 W
15000
" 10000 :
5000
o .
0 1000 6000 7000 8000
Figure 11: Blend Radius Total Stress History, 0% Flow
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The pressure stress intensities for the safe end and blend radius paths were extracted using the ANSYS
post-processing file “extractP.inp.” This produced two files, SE_P.OUT for the safe end and BR_P.OUT

for the blend radius.

Results of the internal pressure load case for Node 2166 (blend radius) is a total stress intensity of '35,860 _ V

psi-and for Node 3719 (safe end), a total stress intensity of 12,030 psi. The membrane plus bending
stress intensity at Node 2166 and Node 3719 are 34970 psi and 12,020 psi, respectively. Table 14 shows
the final pressure results for the safe end and blend radius. '

Table 14: Pressure Results (1,000 psi)

Meml?rane plus "~ Total Sfreés |
. Bending Stress .
Location X Intensity
Intensity (psi)
(psi)
Safe End 12,020 12,030
Blend Radius . 34,970 , 35,860

Results were also extracted from the vessel portion of the model to verify the accuracy of the results
‘obtained from the ANSYS model, and to check the results due to the use of the 2.0 multiplier on the
vessel radius. These results are contained in the file VESSEL_P.OUT. The radius of the finite
~ element model (FEM) was multiplied by a factor of 2.0 [1] to account for the fact that the vessel
portion of the 2D axisymmetric model is a sphere, but the true geometry is the intersection of two

cylinders.

The equation for the membrane hoop stress in a sphere is:

_ (pressure)x (radius)
( )

2 x thickness

Considering a vessel base metal radius, R, of 105.906 inches increased by a factor of 2.0, a vessel
base metal thickness, t, of 5.4375 inches, and an applied pressure, P, of 1,000 psi, the calculated
stress for a sphere is PR/(2t) = 19,477 psi. This compares very well with the remote vessel wall
membrane hoop stress from the ANSYS result file, VESSEL_P.OUT, of 18,530 psi. Thus,
considering the peak total pressure stress of 35,860 psi reported above, the stress concentrating
effect of the nozzle corner is 35,860/19,477 = 1.84. In other words, the peak nozzle corner stress is
1.84 times higher than nominal vessel wall stress for the 2D axisymmetric model.
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The equation for the membrane hoop stress in a cylinder is: -

(( pressure)x (radius')) | |
thickness '

Based on the previous dimensions, the calculated stress for a cylinder without the 2.0 factor is

- 19,477 psi. Increasing this by a factor of 1.84 yields an expected peak nozzle corner stress of
35,838 psi, which would be expected from a cylindrical geometry that is representative of the nozzle
configuration. Therefore, the result from the ANSYS file for the peak nozzle corner stress (35,860
psi) is close to the peak nozzle corner stress for a cylindrical geometry because of the use of the 2.0 -
multiplier. This is consistent with SI’s experience where a factor of two increase in radius is typical

for representing the three-dimensional (3D) effect in a 2D axisymmetric model.
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APPENDIX A

FINITE ELEMENT ANALYSIS FILES
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ANSYS Input Files _

File Name

Description

| vy csn_geom.inp

ANSYS input file includes the geometry and material propertles |

‘Heat Transfer Coefficients.xls

Excel file to calculate Heat Transfer coefficients

VY 16Q P.inp

ANSYS input file for the pressure stress analysis

VY_16Q _T100.inp

ANSYS input file for the thermal analysis, 100% flow rate

VY 16Q TO.inp

ANSYS input file for the thermal analysis, 0% flow rate

VY _16Q ST100.inp

ANSYS input file for the thermal stress analysis, 100% flow rate

VY 16Q STO.inp

ANSYS input file for the thermal stress.analysis, 0% flow rate

extract100.inp

ANSYS input file to extract the limiting paths, 100% flow rate

extract(.inp

ANSYS input file to extract the limiting paths, 100% flow rate

extractP.inp

ANSYS input file to extract the limiting paths

ANSYS input file to extract the membrane stress in the vessel wall

extractVessel.inp
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ANSYS Output Files

File Name : Description
BR_F100.out - - | ANSYS output file, Results of running: extract100.i inp,
. .| Blend Radius 100% Flow
SE _F100.out ANSYS output file, Results of running: extract100.1 mp,
' Safe End 100% Flow _
1 BR_F100.cin Reduced ANSYS output file, contains the stress values in time,
| Blend Radius 100% Flow
SE F100.cln Reduced ANSYS output file, contains the stress values in time,
Safe End 100% Flow
BR_F100_ INSIDE.RED Reduced ANSYS output file, contains detailed stress values in time,
' Blend Radius 100% Flow
SE F100_INSIDE.RED Reduced ANSYS output file; contains detailed stress values in time,
' Safe End 100% Flow .
BR_FO.out ANSYS output file, Results of running: extract0.inp,
' o Blend Radius 0% Flow '
SE FO.out ' ANSYS output file, Results of running: extract0.inp,
Safe End 0% Flow '
BR_F100.cln ‘ Reduced ANSYS output file, contains the stress values in time,
: . ' Blend Radius 0% Flow ' -
SE F100.cln Reduced ANSY'S output file, contains the stress values in time, '
| Safe End 0% Flow
BR_FO_INSIDE.RED Reduced ANSYS output file, contains detailed stress values in time,
. Blend Radius 0% Flow .
SE_FO_INSIDE.RED : Reduced ANSYS output file, contains detailed stress values in time,
v Safe End 0% Flow V
AN
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