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SUMMARY

Note that design pressures exceed specification
The present document covers the design analysis of the panels of a CP40 200 plates.
The design pressure and temperature are:

e Side A: 1.04 MPa and 120 °C (151 Psi and 248 °F)
e Side B: 1.04 MPa and 120 °C (151 Psi and 248 °F)

The exchanger is calculated with panels including nozzles.

The results show that the design of those parts fulfils the requirements of the division 1 of the
section VIII ASME Code.

Remark: if there are different design temperatures, the maximal value is chosen.
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1. INTRODUCTION

The document presents the validation of the design of panels and nozzles of CP40-200 plates
Compabloc heat exchanger according to the division 1 of the section VIII ASME Code [1].

Alfalaval Compabloc ® has a design that differ from these covered in ASME VIII div.1 and the
following calculation way is defined:

- Use of the chapter UG-16 for these designs with the alternative by using Mandatory Appendix
46.
- Use of the chapter 4.12 of [2] as allowed by Mandatory Appendix 46.3.
- If the design by rule is not possible, use of Part 5 of [2] by using a FEA calculation as allowed
by Mandatory Appendix 46.4.
Indeed, The design of the Compabloc (panels and heads) corresponds directly to the chapter 4.12 of
[2]: “Design rules for non circular vessels”. But in the “scope” in the paragraph 4.12.1.2 and in the
“General design requirement” in the paragraph 4.12.2.8, for vessel other than described in 4.12 and for
“Bolted full side or end plates...” “Part 5 shall be used”. Moreover, for openings in kind of vessel, the
Part 5 is referenced again in the paragraph 4.12.2.9 (b): “rules for specific designs are not provided
and the design shall be in accordance with Part 5.

The design of panels, heads and openings are checked according to Part 5 of [2] in accordance with
the requirement of Mandatory Appendix 46 of [1].

Page No 3 of 67



Subject
Calculation note - FEA stress analysis of CP40 - 200 plates FEA-CP21-24562-01 Rev00

Ref. no.

2. INITIAL DATA

2.1.

[1]
[2]

[3]
[4]
[5]

[6]
[7]
[8]
[9]

References
ASME Code section VIII div.1

ASME Code section VIII div.2

ASME Code section Il
Directive 2014/68/UE
ANSYS V19.2

Drawings
Analytical note
FEA validation note

Complementary NDC

Boiler and Pressure Vessel Code. Section VIII Edition
2019 Rules for construction of Pressure Vessels Division 1

Boiler and Pressure Vessel Code. Section VIII Edition
2019 Rules for construction of Pressure Vessels. Division 2
Alternative Rules

Section Il part D Properties MATERIALS Edition 2019
Pressure Equipment directive

Finite element analysis software, developed by ANSYS
Inc. (USA) and certified 1SO 9001

DWG-CP21-24562-01
NDC-CP21-24562-01 Rev00
FEA-validation-CP19 Rev00
FEA_CP_Head Rev00

Sl units are used in the calculation. US Customary units are converted from Si units for information.
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2.2. Materials

The allowable stress values at maximal design temperature of the materials are reported in Table 1 of
this report.

100°F 40°C 248°F 120°C

Material Ksi MPa Ksi MPa

Carbon steel plate SA-516 gr60N 17.1 118.0 17.1 118.0
Stainless steel pipe (Smls pipe) SA-312 TP316L 16.7 115.0 16.7 115.0
Bolting (J <64 mm) SA-193 B7 24.9 172.0 24.9 172.0

Table 1: Material properties for the structural parts

Yield stress (S,) at Temperature
100°F 40°C 248°F 120°C
Material Ksi MPa Ksi MPa
Carbon steel plate SA-516 gr60N 32.1 221.0 28.9 199.0
Stainless steel pipe (Smls pipe) SA-312 TP316L 24.9 172.0 20.2 139.0
Bolting (J < 64 mm) SA-193 B7 105.0 724.0 96.0 662.0

Table 2: Yield stress for the structural parts

The panels are made in SA-516 gr60N
The heads are made in SA-516 gr60N
The pipes materials are defined in 8 3.1.
The bolts are made in SA-193 B7

Supplementary data for FEA analysis according to [3] (CS: Carbon steel)

) ) . Density
Material Poisson ratio 3
(kg/m”)
CS 0.30 7850
SS 0.31 7950

Table 3: Poisson ratio and density

Young Modulus MPa

Material 40°C 120°C
Cs 202 000 197 000
SS 195 000 188 000
Bolt CS 204000 199 000

Table 4: Young modulus

To be notice, materials with allowable stress at the design temperature governed by time-independent
properties.
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2.3. Stress categorisation and criteria of the ASME VIII div.2 Code [2]

The criteria are based on the type of analysis which gives a realistic representation of the part
behaviour. The linear elastic stress analysis method is chosen for each protection. In this case, the
equivalent stress is equal to the Von Mises equivalent stress given by the equation 5.1 in Part 5 of the
Code. In this chapter all references are made from [2].

2.3.1. Panels and nozzles

The stresses computed in those parts are then categorised in four basic equivalent stresses.

1 — General Primary Membrane Equivalent Stress (Pm)

2 — Local Primary Membrane Equivalent Stress (PI)

3 — Primary membrane (General or Local) Plus Primary Bending Equivalent Stress (Pl + Pb)

4 — Secondary membrane + bending equivalent stresses (Q)

They are self-equilibrating stresses and are necessary to satisfy continuity of the structure. Those
stresses occur at structural discontinuities and they can be due to mechanical load or by differential
thermal expansion. This categorisation is described too for nozzle neck in § 5.6.

2.3.2. Protection against plastic collapse

In order to evaluate protection against plastic collapse, the computed equivalent stresses (Pl, Pm, Pm
+ Pb) are compared to their corresponding allowable values

Pm<S 5.2 (part 5)
PI<1.5S 5.3 (part 5)
(Pm + Pb) < 1.5S 5.4 (part 5)

S is the allowable stress (given in Table 1) based on the material of construction and design
temperature.
2.3.3. Protection against local failure

In addition to demonstrating protection against plastic collapse, the applicable local failure criterion
below can be satisfied for a component including geometrical discontinuity (criterion detailed in
paragraph 5.3 of the part 5). This criterion is defined as the sum of the local primary membrane plus
bending principal stresses.

(01+02+03)<4S 5.5 (part 5)

2.3.4. Protection against collapse from buckling

According to § 5.1.1.2 (a) the protection against collapse from buckling need to be done for
compressive part like nozzle in external pressure. This analysis is made in [7]. For flat panels in
traction and flexion, there is no collapse from buckling risk.
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2.3.5. Protection against failure from cyclic loading

2.3.5.1. Screening criteria
The used paragraph is the § 5.5.2.3 Method A.
For integral construction the criterion is (Table 5.9):
Narp + Naro + NaTe + Nate <1000

* Narp (step 2): Number of cycle for the full range pressure

*  Naro (step 3): Number of cycle for the operating range pressures.

* Narte (step 4): Number of cycle for range temperature (by using the Table 5.8).
*  Nata (step 5): Number of cycle base on non homogenous welded material

1/ In first case with insulation the following analysis is made:

1. Narp =1000 Considering cycle : 0 —» Pd — 0 bar

2. Napo =0 Considering cycle : No. To be studied case by case only

3. Nate=0 Considering cycle : oo if temperature gradient between two adjacent
points AB is less than 28 °C: ATE < 28 °C. AB is through the thickness.

4. Nata=0 Homogenous material.

To respect the point 3, insulation and slow ramp up and cooling from ambient temperature to steady
state or from steady state to ambient temperature(1°C/mn) are needed.

In conclusion we have maximum 1000 cycles of full pressure range.

2/ In second case without insulation and considering unknown data for metal temperature faces the
following analysis is made:

1. Narp =47 Considering cycle : 0 — Pd — 0 bar

2. Napo =0 Considering cycle : No. To be studied case by case only

3. Nate =47 (cycles) x 20 (factor of table 5.8 of [2]). Gradient between two adjacent points AB
is equal or greater to 250 °C

4. Nata=0 Homogenous material.

In conclusion, we have maximum 47 cycles of full pressure range with 250 °C or more temperature
gradient variation.
2.3.5.2. Ratcheting assessment

Even if the fatigue screening is satisfactory as per § 5.5.6.1 (no fatigue analysis), this analysis is
mandatory to avoid ratcheting fracture.

When no transient and its associated cycles are given we consider the following criterion:
APl +Pb + Q) <max{3S; 2 Sy} 5.78 (part 5)

In our case the cycle is defined from 0 MPa to the design pressure, so we consider A(Pl + Pb + Q) like
the maximal secondary stress of the result with the classic design loads below.
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As described in the Code § 5.5.6.1, we consider only in this criterion the gross structural
discontinuities but not local discontinuities (peak stress). And, as described in table 5.6, the bending
stress at a gross structural discontinuities is a secondary stress.

Sy is the yield stress of the material. We focus only on the 3S criterion.

2.3.6. Environment loads

Wind and earthquake when applicable are used only for support in supplementary specific calculation.
These loads are neglectable for panels and nozzles. These loads can affect the head of the attached
support. A complementary note [9] is made in conservative conditions (maximal pressure at maximal
temperature with the maximal bolting forces) to prove the mechanical strength of the head.

2.4.Test pressure

According to the 8 4.1.6.2 of ASME VIII-2 [2], the allowable stress in test conditions is 0.95Sy.
According to the ASME VIII div.1 UG-99 (b) allowable stress shall not exceed 90% of yield stress for
bolting. In conservative way, in [7] the ratio 0.9Sy is chosen for all material. The minimal following
ratio (0.9 Sy (at room temperature) / S (at design temperature) is equal to 1.35. This value is upper to
fiest = 1.3 [7] or [1], the following calculations in design condition (with the assumption of linear
mechanical behaviour versus the pressure) are more conservative than the calculation in test
conditions. And so no supplementary calculation is needed.

2.5. Loads

2.5.1. Bolt load designs

The gasket is made of graphite material. The bolt load is calculated in [7] using an analytical
calculation. If different, the maximal load between the side A and the side B is chosen. This value can
be a bit bigger than the value from analytical note due the maximal value chosen for the height of
liquid (see next 8§).

Fb = 36300 N

2.5.2. Pressure
The design pressures are

e Side A: 1.04 MPa
e Side B: 1.04 MPa

We add 0.02 MPa pressure due to static height of the liquid. In conservative way, this value is equal
or bigger than the value in analytical note [7].
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2.5.3. Nozzle loads
The nozzle loads are given in [6].

Nozzle DN Class /PN Fx (N) Fy (N) Fz (N) Mx (Nm) My (Nm) Mz (Nm)
Panel 1Nozzle 1 150 150 776 776 776 750 750 750
Panel 1 Nozzle 2 150 150 776 776 776 750 750 750
Panel 2 Nozzle 1 150 150 776 776 776 750 750 750
Panel 2 Nozzle 2 150 150 776 776 776 750 750 750

Figure 1: Nozzle sketch

2.5.4. Thermal loads

The thermal loads shall be considered for protection against failure from cyclic loading. If no cycling
loads are defined in UG-22, no evaluation need to be performed.
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3. MODEL

A complete model describes the full principal geometry of the Compabloc. The four panels are
modelled in detail with all openings. The model includes panels with or without nozzles, 4 girders and
two heads and the bolts in order to represent the actual assembly conditions. The full details of the
drawing are not considered in the model, for example the link between the girders and heads is done
like free (conservative model), details are therefore not necessary.

The dimensions of the Compabloc are defined according to [6].
In text description the number of panel corresponds to the following drawing panels:

Panel 1 (X+): Panel Aa
Panel 2 (Y+): Panel Ba
Panel 3 (X-): Panel Ab
Panel 4 (Y-): Panel Bb

3.1.Geometry

ANSYS
VOLIMES R19.1
MAT UM PLOT NO. 1

Figure 2: Design model

The following thicknesses correspond respectively to the nominal and the minimal values used in the
calculation (2 mm external machining, 9 mm internal machining and 5 mm tolerance):
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e Panel 1: 80 mm and 64 mm
e Panel 2: 80 mm and 64 mm
e Panel 3: 70 mm and 54 mm
e Panel 4: 70 mm and 54 mm

For the head, the following thicknesses correspond to the minimal value used in the calculation:
68 mm

The minimal thicknesses (at the location of the link with the panel) of nozzle used in the calculation
are:

Minimal thickness .
DN Material Nozzle
(mm)
150 6.225 SA-312TP316L ([Panel 1 Nozzle 1
150 6.225 SA-312TP316L ([Panel 1 Nozzle 2
150 6.225 SA-312TP316L |Panel 2 Nozzle 1
150 6.225 SA-312TP316L ([Panel 2 Nozzle 2

Table 5: DN and thicknesses

If corrosion allowances are defined in the analysis, the following values are used directly in the FEA
model for the corresponding thicknesses of the carbon steel parts:

e Internal corrosion: ¢ci=0 mm
e External corrosion: ce = 0 mm

3.2.Mesh

The panel and the nozzle are meshed using 3D solid elements (SOLID185). Tetrahedral 3D elements
are used for the mesh of the rest of the model (bolts, head and girders with SOLID187). Contact
elements (CONTAL73 and TARGE170) are used to model the links between the different parts. A
friction coefficient of 0.2 is chosen (classic value), this value has a low influence on results. To
validate the model according to the 8 5.1.2.3 of [2], an accurate analysis is made in [8].
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ANSYS
ELEMENTS R19.1
MET NUM PLOT NO. 1

Figure 3: meshing

Remark: In the model, the length of the nozzle takes into account the length flange plus the nozzle
length of the drawing [6].

There are four principal contact zones:

e Between each bolt head and the panels: bonded initial contact. The bolts are linked with the
girders and the heads

e Between the gaskets (in purple in Figure 6 and Figure 7) and the girders and heads. The
gaskets are linked with the panels in the model.

e On the locking parts: between panels and girders and between panels (Figure 7) and heads
(Figure 6)

e Between the girder and the heads in the corners
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ANSYS
ELEMENTS R19.1
MART IO PLOT HNO. 1
Figure 4: Nozzle connection
ANSYS
ELEMENTS R19.1
MRT MO PLOT HNO. 1

r[\]

Figure 5: Mesh of the girders, heads and bolts
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Figure 6: Gasket and head locking

ANSYS
MET UM PLOT NO. 1

Figure 7: Gasket and girder locking

Page No 14 of 67



Subject

Ref. no.

Calculation note - FEA stress analysis of CP40 - 200 plates FEA-CP21-24562-01 Rev00

The head locking and the girder locking are modelled without gap and a linear gasket is modelled with
a young modulus Eg = 4000 MPa (in compressive condition). This assumption is checked in [8].

3.3.Boundary conditions

Four areas on the bottom head are fixed on X, Y and Z directions in order to simulate the vertical

supports.
ANSY
ELEMENTS %19%
MET MM PLOT NO. 1

Figure 8: Boundary conditions
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3.4.Loads

3.4.1. Bolts

The minimal bolt load value is then implemented in the finite elements model using the “pretension
section” command of ANSY'S (Figure 9).

VOLMES
TYEE HUM

PLOT HO. 1

K,

Figure 9: Representation of the pre-load

3.4.2. Design pressure

The pressure values used for the model are:

e Side A: 1.06 MPa
e Side B: 1.06 MPa

This pressure is applied as a surface load on the pressurized areas presented in Figure 10.

The cover effect is also considered when applying the pressure in additional load of the axial nozzle
loads and applied like described in next § 3.4.3.

Three sets of area pressure are defined:

e Simultaneous pressure
e Differential pressure with full pressure on side A (panels 1 — 3)
e Differential pressure with full pressure on side B (panels 2 — 4)

For the simultaneous pressure, the maximal pressure between the side A and the side B is applied on
the heads (see Figure 10).
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— ANSYS

R19.1
MRET N FLOT NO. 1
FEES

1.06

Figure 10: Simultaneous pressurized areas (MPa)

S— ANSYS

R19.1
MAT NOM FLOT NO. 1
FEES

1.06

Figure 11: Differential pressurized areas side A (MPa)
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ANSYS
ELEMENTS R19.1
MET NUM PLOT NO. 1
PRES
1.06

Figure 12: Differential pressurized areas side B (MPa)

3.4.3. Nozzle loads

The nozzle loads defined in § 2.5.3 are applied in the flange centre (Figure 13).

Forces and moments are applied on the flange centre. The nodes between the flange centre and the
nozzle end are linked.

The cover effect is automatically calculated with the following equation (Di: internal diameter of the
corresponding nozzle): Fc =P x t Di2/ 4

Page No 18 of 67



Subject Ref. no.
Calculation note - FEA stress analysis of CP40 - 200 plates FEA-CP21-24562-01 Rev00

ELEMENTS
MAT O

Figure 13: Cover effect on nozzle plus force nozzle loads

ELEMENTS
MAT NOM

Figure 14: Moment nozzle loads
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4. RESULTS

The next figures represent the stress distribution (Von Mises stress in MPa) throughout the
Compabloc exchanger for the following combine loads:

Set 1: pre-load (tightening)

Set 2: pre-load + simultaneous pressure + all nozzles loads.

Set 3: pre-load + differential pressure panels 1 — 3 + nozzle loads panels 1 - 3.
Set 4: pre-load + differential pressure panels 2 — 4 + nozzle loads panels 2 - 4.

For all figures with the Von Mises distribution, the maximum value of the stress legend is adjusted to
the criterion membrane + bending value 1.5 S of the analysis material (177 MPa for steel SA-516
gr60N). Thus, the stresses greater than the criterion appear in grey in the pictures. The maximal panel
peak stresses are along the locking between panels and heads and between panels and girders. These
high peak stresses are due to numerical issues of the contact with coarse mesh and are not taken into
account in this analysis.

In order to verify the criteria, we define a path through thickness in the maximal stress area (more
explanation is detailed in figures presented below).

4.1.Stress distribution

ANSYS

NCDAL, SOLJTION R19.1

STEP=1 FLOT No. 1
SUB =1

TIME=1

SEQV (EC)
MY =.289063
SMN =.160907
SMK =197.883

Z

wd

I
0 39.3333 8. 6667 118 157.333
19.6667 59 98.3333 137.667 1
Bolt setting

T

Figure 15: Stress distribution tightening (MPa)
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ANSYS
NODAL SOLUTICN R19.1

STEP=2 FLOT NO. 1

0 39.3333 78.6667 118 157.333
19.6667 59 98.3333 137. 667 1

Simultanecus pressure

Figure 16: Stress distribution simultaneous pressure (MPa)

ANSYS

NCDAL, SOLJTION R19.1

STEP=3 FLOT No. 1
SUB =1

TIME=3

SEQV (EC)
[ =.289063
SMN =. 289004
SHH =256.869

I
0 39.3333 78.6667 118 157.333
19.6667 59 98.3333 137.667 1

Differential pressure zide 1-3

T

Figure 17: Stress distribution differential pressure side A (MPa)
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NODAL, SOLTJTTON

STEP=4

SUB =1

TIME=4

SECW (ZVG)
MK =. 293464
SMY =, 272266
SMy =240.917

o 39.3333
19.6667

Differential pressure side 2-4

59

18,6667 1
98.3333

15

137. 667

ANSYS

R19.1

FLOT NO. 1

157.333

1

Figure 18: Stress distribution differential pressure side B (MPa)

On the previous figures, the stress distributions show that the set 3 (differential pressure side A) is the
most severe conditions for panels 1- 3 and its nozzles, and the set 4 (differential pressure side B) is the
most severe conditions for panels 2- 4 and its nozzles. The following post processing focus on the two

sets for the corresponding panels and nozzles.

For each panel a global path is defined at the maximal solicited area (automatically check by the

ANSYS software). This path is often at the central position of panel (Path global panel).

For each modelled nozzle three paths are defined in the maximal zone on the corresponding

circumference (automating check by the ANSYS software):

e Path global panel around nozzle: circumference at the link between the nozzle and panel (local
zone but considering in conservative way like a global zone).

e Path global nozzle: circumference on nozzle at a distance VRt of the link with the weld
e Path local nozzle: circumference on nozzle at the link with the weld
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4.2.Von Mises and 4S distributions per panel

42.1. Panell

NODAL SCOLUTTION

STEP=2

SUB =1

TIME=2

SEQEF (235
=.270257
=.707376

SMM —121.223

2

39.3333

18,6667
19.6667 59
WVon Miges sgtress — Sirmltaneous pressure

0

98.3333

118

137,867

ANSYS

FLOT NO.

157.333

17

R19.1
1

Figure 19: Von Mises stress - Simultaneous pressure

AVG ELEMENT SOUIJTION

STEF=2

SUB =1

TIME=2
Sl+S2+S3 [2375)
=.270257
=-99.7237
=124.492

SMN
SME

Z

XJ_

—99 1237
~74.8108

458 — Simultanecous pressure

49.8

2323

—24.9852 '

24,8405

49.7

534

74.66

62

FLOT NO.

99.

ANSYS

R19.1
1

124,492

Figure 20: Sum of Principal stresses S1 + S 2 +S 3 - Simultaneous pressure
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NCDAL, SOLJTION

STEP=3

SUB =1

TIVE=3

SEQV e
=.279711
=.639891
—107 344

Z

XJ

19.6667
Von Miges gtress - Differential preggure gide 1-3

39 3333 18.6667

118
98,3333

137.667

157.333

ANSYS

R19.1
PLOT W, 1

1

Figure 21: Von Mises stress - differential pressure side A

STEP=3

SUB =1

TIME=3

Sl+S2+SB [2573)
=.279771

SMN ——102 233

SME =141.111

Z

XJ_

—102 233

-15.1

2G5 ELEMENT SOLJTTION

—48.1563

5 91994
945 —21.1182 32,9581

43 — Differential pressure zide 1-3

59.99%2

87.03

43

114.072

ANSYS

R19.1
PLOT W, 1

141.111

Figure 22: Sum of Principal stresses S1 + S 2 +S 3 - differential pressure side A
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4.2.2.

Panel 3

NCDAL, SOLJTION ANSYS

R19.1
STEP=C2 PLOT Mo, 1
SUB =1
TIME=2
SEQV (BRI
M =.267301
SMN =. 889306
SM =114.99

Z

L

0 39.3333 18.6667 118 157.333
59 1

19.6667 98,3333 137.667

T
Von Migeg gtress — Simultansoug presgure

Figure 23: Von Mises stress - Simultaneous pressure

ANSYS
BVG ELEMENT SOLIJTION

R19.1
STEP=2 FLOT No. 1
SUB =1
TIME=2
S1+82+453 (BVG)
M =.267301
SMM =110.047
SMEH =54, 799

Z

L

-110.047

—73.4148
—91.7311 —55. 0986 -18.4e61
43 — Simultaneous pressure

—36.77823 —-.149791 36.4827
18.1665

54,799

Figure 24: Sum of Principal stresses S1 + S 2 +S 3 - Simultaneous pressure
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ANSYS
NODAL SOLUTICN R19.1

STEP=3 PLOT Mo, 1
SUB =1

TIME=3

SEQV (BRI
M =.273296
SMN =.601515
SMH =109.138

Z

L

0 39.3333 78.6667 118 157.333
19.6667 59 98.3333 137. 667 1
“on Mizes stress — Differential pressure side 1-3

Figure 25: Von Mises stress - differential pressure side A

ANSYS
2MG ELEMENT SOLIJTICN R19.1

STEP=3 FLOT NO. 1
SUB =1

TIME=3
SI+82+53 (AVG)
M =. 273296
S =—113.622
S =71.0321

Z

L

-113.822

—72.5877 —31.5534 9. 48078 50.515
—93.1048 —52.0706 —-11.0363 29.9979 71.0321

45 — Differential pressure side 1-3

Figure 26: Sum of Principal stresses S1 + S 2 +S 3 - differential pressure side A
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42.3. Panel?2

NCDAL, SOLJTION ANSYS

R19.1
STEP=C2 PLOT Mo, 1
SUB =1
TIME=2
SEQV (BRI
M =.259949
SMN =. 45628
SM =112.788

Z

wd

0 39.3333 18.6667 118 157.333
59 1

19.6667 98,3333 137.667
Von Migeg gtress — Simultansoug presgure

Figure 27: Von Mises stress - Simultaneous pressure

T

ANSYS
BVG ELEMENT SOLIJTION

R19.1
STEP=2 FLOT No. 1
SUB =1
TIME=2
S1+82+453 (BVG)
[ =.259949
SMM =103.064
SME =124.062

Z

wd

-103.064 —52.5915 -2.119 48.3535 98.826
=77.8278 —27.3553 23.1173 73.5898 124,062
43 — Simultaneous pressure

Figure 28: Sum of Principal stresses S1 + S 2 +S 3 - Simultaneous pressure
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ANSYS
NODAL SOLUTICN R19.1

STEP=4 FLOT NO. 1

Z

wd

0 39.3333 78.6667 118 157.333
19.6667 59 98.3333 137. 667 1

“on Miges stress — Differential pressure side 2-4

Figure 29: Von Mises stress - differential pressure side B

ANSYS
2MG ELEMENT SOLIJTICN R19.1

STEP=4 PLOT Mo, 1
SUB =1

TIME=4
S14+52453 (2VG)
M =.271746
SMI =106, 444
SMH =140.276

Z

w

-10&. 444 -51.8171 3.209e7 58.0364 112.863
—79.0304 —24.2037 30.823 85. 4497 140.276

45 — Differential pressure side 2-4

Figure 30: Sum of Principal stresses S1 + S 2 +S 3 - differential pressure side B
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424. Panel4d

NCDAL, SOLJTION ANSYS

R19.1
STEP=C2 PLOT Mo, 1
SUB =1
TIME=2
SEQV (BRI
=.2682
=.590719
—115 285

Z

.Lx

39 3333 18.6667 157.333
19.6667 59 98,3333 137.667 1
Von Migeg gtress — Simultansoug presgure

Figure 31: Von Mises stress - Simultaneous pressure

ANSYS
BVG ELEMENT SOLIJTION

R19.1
STEP=2 FLOT No. 1
SUB =1
TIME=2
Sl+S2+SB (BTG

=.2682

SMN =111, 464
SHE =hd. 7391

Z

L

—111 464 . —37.5736_ —-.B2 47‘3 36.3166
—92. 9912 —56.046 19.101 7.8441 54.7891
43 — Simultaneous pressure

Figure 32: Sum of Principal stresses S1 + S 2 +S 3 - Simultaneous pressure
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ANSYS
NODAL SOLUTICN R19.1

STEP=4 PLOT Mo, 1
SUB =1

TIME=4

SEQV (BRI
M =.276832
SMN =. 719157
SMK =108. 366

Z

.Lx

O 39.3333 78.6667 118 157.333
19.6667 59 98.3333 137. 667 1
“on Miges stress — Differential pressure side 2-4

Figure 33: Von Mises stress - differential pressure side B

ANSYS
2V ELEMENT SCLUTICH R19.1
STEP=4 PLOT WO, 1
SUB =1
TIME=4
Sl+S2+SB [BVI)

=.276832
SMN =115.918
SMK =71.0486
2z
—115.918 —74.3697 —32.8216 8.72649 50.2746
—95.1437 —53.5956 —-12.0475 29.5005 71.0486
45 — Differential pressure side 2-4

Figure 34: Sum of Principal stresses S1 + S 2 +S 3 - differential pressure side B
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4.3.Paths on nozzles side 1 (differential pressure side A)

4.3.1.

Panel 1

ANSYS
FISTL R19.1
STEP=3 PLAT Mo, 1
aUB =1
TIME=3
SECTICH PLOT
RO 0873
NOD2=
SECV 39.928
VEMHEEND 36.011
TUTEL 32.005
28.179
24.263
SEQV 2p. 347
16.431
12.515
8.599
4.683
767
0 12.8 25.6 38.4 5l.2 64
6.4 19.2 32 44.8 57.6
DIST
Path glokal panel 1
Figure 35: Maximal path of the global zone for the panel 1
ANSYS
EOSTL R19.1
STEP=3 PLOT MO, 1
B =1
TIME=3
SECTICN PLOT
NOD1=96724
NOD2=113112
SECW 42,021
VEMHREND 37.962
TCTAL 33.915
29.86L
25. 607
SECV 21,753
17.699
13.545
9.591
5.537
1.483
o 12.8 25.5 38.4 El.2 64
6.4 19.2 a2 44.8 57.6
DIST

Path glokbal panel around nozzle 11

Figure 36: Maximal path of the panel 1 around the nozzle 1
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ANSYS
FOSTL R19.1
STEP=3 PLOT Mo. 1
SUB =1
TIME=3
SECTICN PLOT
ROGBa58”
HOD2=
SEGV 62,41
VEMHEEND 56. 606
TUTEL 0. 803
45
39.197
SEQV 33,304
27.591
21.786
15.985
10.182
4,379
0 15.114 30,228 45,342 0. 456 75.571

7.557 22,67 37.785 52,899 63.013
DIST

Path local panel around nozzle 11

Figure 37: Maximal local path of the panel 1 around the nozzle 1

ANSYS
EOSTL R19.1
STEP=3 PLOT MO, 1
SUB =1
TIVE=3
SECTION PLOT
HOD1=95520
HODZ=95600
SEOV 29,098
MEIHERND 28.423
TCTAL 27.752
27.081
26.41
SECV 25,739
25.068
24.397
23.726
23.055
22.384
0 1.246 2,492 3.738 4,984 6.225
623 1.863 3.115 4.361 5. 607
DIST

Path glckbal nozzle 11

Figure 38: Maximal path of the global zone for the nozzle 1
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ANSY
FCSTL %19?1’
STEP=3 FLOT Mo, 1

SUB =1
TIME=3
SECTICN FLOT
e
NODE=
SEQV a4, 034
MEMHEEND 0 0-44
TCTAL 74,798
70,152
85,506
SEOV 50,86
56,214
51.568
46,922
42,276
37683
0 1.2486 2.492 3.738 4,984 6,225
LB23 1.869 3.115 4,361 5. &07
DIST
Path local nozzle 11
Figure 39: Maximal path of the local zone for the nozzle 1
ANSY
FOSTL %19?1’
STEP=3 PLOT NO. 1
SUB =1
TIME=3
SECTICN FLOT

HOD1=100554
NOD2=114196
SEQV 41.73

MEIHERND 37.781
TCTAL 33.772

29.793
25,614
SEQV 21,635
17.856
13,577
9,898
5.919

1.94

Path glokal panel around nozzle 12

Figure 40: Maximal path of the panel 1 around the nozzle 2
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ANSYS
FOSTL R19.1
STEP=3 PLOT Mo. 1
SUB =1
TIME=3
SECTICN PLOT
NO531%2.
HOD2=
SEGV 63. 501
VEMHEEND 57.602
TUTEL 51,598
45,794
39. 69
SEQV 33,988
26.082
22.176
16.274
10.37
4,466
0 15.114 30,228 45,342 0. 456 75.571

7.557 22,67 37.785 52,899 63.013
DIST

Path local panel around nozzle 12

Figure 41: Maximal local path of the panel 1 around the nozzle 2

ANSYS
FOSTL R19.1
STEP=3 PLOT NO. 1
SUB =1
TIME=3
SECTION PLOT

HOD1=100280
HODE2=100352
SEQV 29.576

MEIHERND 25.638
TCTAL 28.22

27.542
26. 664

SEN 26,186
25.508

24,83

24,152
23.474

22.79%6
0 1.246 2.492 3.738 4,984 5.225
LE23 1.869 3.115 4,361 5,607

DIST

Path glckbal nozzle 12

Figure 42: Maximal path of the global zone for the nozzle 2
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4.3.2.

ANSYS
FOSTL R19.1
STEP=3 PLAT MO, 1
9B =1
TIME=3
SECTICH PLOT
ol
NOD2=
SECV 80.362
VEMHEEND 76.177
TUTEL 71.991
&7. 605
£3. 619
SEQV 59,433
55.247
51.06L
46.875
42,689
38.503
0 1.246 2.492 3.738 4.984 6.225
623 1.869 3.115 4.361 5. 607
DIST
Path local nozzle 12
Figure 43: Maximal path of the local zone for the nozzle 2
Panel 3
ANSYS
EOSTL R19.1
STEP=3 PLOT MO, 1
B =1
TIME=3
SECTICN PLOT
NOD1=180734
NOD2=177540
SECW 48.929
VEMHREND 44.454
TCTAL 39,978
35,502
31.026
SECV 2655
25,074
17.598
13.122
8. 646
1.17
o 10.8 21.5 32.4 43.2 54
5.4 16.2 27 37.8 18.6
DIST

Path glokbal panel 3

Figure 44: Maximal path of the global zone for the panel 3
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4.4.Paths on nozzles side 2 (differential pressure side B)

4.4.1.

Panel 2

ANSY
FOSTL %19?1’
STEP=4 FLOT Mo, 1

SUB =1
TIvE=4
SECTTCN PLOT
NOD1=151243
NOD2=149375
SEQV 39.677
MEMHEEND 35.611
TOTRL 31.948
28,085
24,222
SBEOV 20,3859
16. 496
12,633
8.77
4.907
1.044
o] 12.8 25.6 36.4 Bl.z2 54
5.4 19.2 32 44.8 £7.6
DIST
Path glokal panel 2
Figure 45: Maximal path of the global zone for the panel 2
ANSY
FCSTL %19?1’
STEP=4 PLOT MO. 1
SUB =1
TIVME=4
SECTTCN PLOT

el
NODZ=
SEQV 40,854

VEMHEEND 36.937
TUTEL 33.016

29.093

25171

SEV . 21,249
17.327

13,405

9,483

5,561

1.639

Path glokal panel around nozzle 21
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Figure 46: Maximal path of the panel 2 around the nozzle 1

ANSYS
FOSTL R19.1
STEP=4 PLOT NO. 1
SUB =1
TIvE=4
SECTION PLOT

HOD1=115440
HODZ2=104389
SECW

MEIHERND 57.081
TCTAL 51.175

£2.928

45,299
39,423
SEV 33,547
27.671
21.795
15.919
10.043

4.167

15.114 30.228 45,342 60.456 75.571
7.557 22.671 37.785 52.899 58.013
DIST

Path local panel around nozzle Z1

Figure 47: Maximal local path of the panel 2 around the nozzle 1

ANSYS
POSTL R19.1
STEP=4 PLOT MO, 1
B =1
TIE=4
SECTION PLOT

il
NODZ=
SEQV 29.198

VEMHEEND 28.506

TUTAL 27.811

27.116
26,421
SECV . 25 726
25,031
24336
3,641
22,946

22,251

o

1.246 2,492 3.738 4,984 6,225
LB23 1.863 3.115 4,361 5,607
DIST

Path global nozzle 21

Figure 48: Maximal path of the global zone for the nozzle 1
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ANSYS
FOSTL R19.1
STEP=4 PLOT MO, 1
SUB =1
TIME=4
SECTICN PLOT
Hoo—104955
HOD2=
SEGV 83.573
VEMHEEND 79.007
TUTEL 74,442
69,677
£5.312
SECV g, 747
56.182
51,617
47,052
42,487
37.922
0 1.246 2.492 3.738 4,984 6.225
623 1.869 3.115 4.361 5.607
DIST
Fath local nozzle 21
Figure 49: Maximal path of the local zone for the nozzle 1
ANSYS
EOSTL R19.1
STEP=4 PLOT MO, 1
SUB =1
TIME=4
SECTION PLOT
HOD1=108706
HOD2=116578
SECV 42,5711
MEIHERND 38.536
TOTAL 34.52
30, 444
26. 368
SECV 22292
18.216
14.14
10.064
5.988
1,912
Path glokal panel around nozzle 22

Figure 50: Maximal path of the panel 2 around the nozzle 2
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ANSY
POSTL %1 9§
STEP=4 PLOT MO, 1
B =1

TIE=4

SECTICN PLOT
ety

NODZ=

SEQV 62,803

VEMHEEND 56.983
TUTEL 51.162

45,341
39.52
SECV 33,899
27.678
22,057
16.236
10,415

4.534

o

15.114 30,228 45,342 £0.456 75.571
7.557 22,67 37.785 52,899 63.013
DIST

Path local panel around nozzle 22

Figure 51: Maximal local path of the panel 2 around the nozzle 2

ANSYS
FOSTL R19.1
STEP=4 PLOT NO. 1
SUB =1
TIvE=4
SECTION PLOT

HOD1=103467
HODE2=108547
SEQV 29.308

MEIHERND 28.652
TCTAL 27,99

27.346
26,693
SEV 25,04
25.387
24,734
24,081
23.428

22.775

(==

1.246 2.492 3.738 4,984 5.225
LE23 1.869 3.115 4,361 5,607

DIST

Path glckbal nozzle Z2

Figure 52: Maximal path of the global zone for the nozzle 2
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4.4.2.

ANSYS
FOSTL R19.1
STEP=4 PLAT MO, 1
aB =1
TIME=4
SECTICH PLOT
Nono=T08TéS
NOD2=
SECV 80.53
VEMHEEND 76.32
TUTEL 72.109
&7. 696
63. 687
SEV 59,476
55.265
51.054
46.843
42,632
38.421
0 1.246 2.492 3.738 4.984 6.225
623 1.869 3.115 4.361 5. 607
DIST
FPath local nozzle 22
Figure 53: Maximal path of the local zone for the nozzle 2
Panel 4
ANSYS
EOSTL R19.1
STEP=4 PLOT MO, 1
B =1
TIME=4
SECTICN PLOT
NOD1=215540
NOD2=212269
SECW 49.02
VEMHREND 44.54
TCTAL 40.057
35.574
31,091
SEV 26,608
25,125
17.642
13.159
8.676
4.193
o 10.8 21.5 32.4 43.2 54
5.4 16.2 27 37.8 18.6
DIST
Path glokbal panel 4

Figure 54: Maximal path of the global zone for the panel 4
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4.5.Recapitulative results of paths

Sp: allowable stress of panel from § 2.2

Sn: allowable stress of nozzle from § 2.2

Von Mises stress L Criteria value Validated

Panel 1 Criteria o
(MPa) (MPa) criteria
Membrane 1 Sp 118 TRUE

Path global panel -
Membrane + bending 40 1.5xSp 177 TRUE
Path global panel Membrane 2 Sp 118 TRUE
around the nozzle 1 Membrane +bending 42 1.5xSp 177 TRUE
Path local panel Membrane 11 1.5 xmin(Sp,Sn) 173 TRUE
around the nozzle 1 Membrane + bending 62 3 xmin(Sp,Sn) 345 TRUE
Membrane 23 Sn 115 TRUE

Path global nozzle 1 -
Membrane + bending 29 1.5xSn 173 TRUE
Membrane 39 1.5xSn 173 TRUE
Path local nozzle 1 Membrane + 69 3x5n 345 TRUE

bending+secondary

G, + G, +0;3 144 4x5n 460 TRUE
Path global panel Membrane 2 Sp 118 TRUE
around the nozzle 2 Membrane + bending 42 1.5xSp 177 TRUE
Path local panel Membrane 12 1.5 xmin(Sp,Sn) 173 TRUE
around the nozzle 2 Membrane + bending 62 3 xmin(Sp,Sn) 345 TRUE
Membrane 24 Sn 115 TRUE

Path global nozzle 2 -
Membrane + bending 30 1.5xSn 173 TRUE
Membrane 40 1.5xSn 173 TRUE
Path local nozzle 2 M_embrane * 66 3xSn 345 TRUE

bending+secondary

G, + 0, + 03 142 4xSn 460 TRUE

Table 6: Path result of panel 1
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Von Mises stress . Criteria value Validated
Panel 2 Criteria o
(MPa) (MPa) criteria
Membrane 1 Sp 118 TRUE
Path global panel -
Membrane + bending 40 1.5xSp 177 TRUE
Path global panel Membrane 2 Sp 118 TRUE
around the nozzle 1 Membrane + bending 41 1.5xSp 177 TRUE
Path local panel Membrane 12 1.5 xmin(Sp,Sn) 173 TRUE
around the nozzle 1 Membrane + bending 61 3 xmin(Sp,Sn) 345 TRUE
Membrane 23 Sn 115 TRUE
Path global nozzle 1 -
Membrane + bending 29 1.5xSn 173 TRUE
Membrane 40 1.5xSn 173 TRUE
Path local nozzle 1 M_embrane * 69 3xSn 345 TRUE
bending+secondary
0, + G, + O3 143 4xSn 460 TRUE
Path global panel Membrane 2 Sp 118 TRUE
around the nozzle 2 Membrane +bending 43 1.5xSp 177 TRUE
Path local panel Membrane 11 1.5 x min(Sp,Sn) 173 TRUE
around the nozzle 2 Membrane + bending 62 3 xmin(Sp,Sn) 345 TRUE
Membrane 24 Sn 115 TRUE
Path global nozzle 2 -
Membrane + bending 29 1.5xSn 173 TRUE
Membrane 40 1.5xSn 173 TRUE
M
Path local nozzle 2 lembrane + 66 3xSn 345 TRUE
bending+secondary
G|+ G, + 03 142 4xSn 460 TRUE
Table 7: Path result of panel 2
Von Mises stress . Criteria value Validated
Panel 3 Criteria S
(MPa) (MPa) criteria
Membrane 4 Sp 118 TRUE
Path global panel -
Membrane + bending 49 1.5xSp 177 TRUE
Table 8: Path result of panel 3
Von Mises stress . Criteria value Validated
Panel 4 Criteria T
(MPa) (MPa) criteria
Membrane 4 Sp 118 TRUE
Path global panel -
Membrane +bending 49 1.5xSp 177 TRUE

Table 9: Path result of panel 4
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4.6.Results on heads

ANSYS
EISTL R19.1
STEP=2 PLOT MO, 1
SUB =1
TIVE=2
SECTION PLOT
HOD1=41280
HODZ=41784
SEGV 23.508
MEIHERND 21.285
TCTAL 18.921
16.577
14.233
SECV 11,889
9,545
7.201
4.857
2.513
169
0 13.6 27.2 40.8 54.4 68
6.8 20.4 34 7.6 6l.2
DIST

Path center of the head

Figure 55: Maximal path on the centre of head

Von Mises o Criteria Validated
Path on head Criteria o
stress (MPa) value (MPa) criteria
Membrane 1 Sp 118 TRUE
Panel on head centre -
Membrane + bending 24 1.5xSp 177 TRUE

Table 10: Path result of head
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4.7.Analytical calculation for nozzle

4.7.1. Nozzle thickness checking
The minimal thickness of the nozzle is checked according to the chapters UG-16 (b), UG-45 and UG-
27.
. . Panell Panell Panel2 Panel2
Unit Symbol /equation
nozzle 1 nozzle 2 nozzle 1 nozzle 2
. SA-312 SA-312
Nozzle material SA-312 TP316L SA-312 TP316L
TP316L TP316L
DN 150 150 150 150
Internal calculation
MPa P 1.06 1.06 1.06 1.06
pressure
External diameter mm De 168.3 168.3 168.3 168.3
Max Internal diameter mm Di 155.85 155.85 155.85 155.85
Minimal J position mm J 100.5 100.5 100.5 100.5
External corrosion mm ce 0 0 0 0
Internal corrosion mm ci 0 0 0 0
Machining depth if weld
. . mm pw 0 0 0 0
pipe/flange with step
Maximal Int | Radiusii
aximal internal Racdius i\ R=Di/2+ci +pw 77.925 77.925 77.925 77.925
corroded condition
Int | di teri
nrernatdiameterin mm d=2R 155.85 155.85 155.85 155.85
corroded condition
Minimal thickness UG-16(b)| mm ta 1.5 1.5 1.5 1.5
Mininal thickness Table UG-
mm tb 6.22 6.22 6.22 6.22
45
All ble st t desi
s owable stress at desien | vipa Sn 115 115 115 115
Longitudinal join factor El 0.85 0.85 0.85 0.85
Circonferential join factor Ec 0.7 0.7 0.7 0.7
Minimal pipe thick UG-
inimat pipe thickness mm tc=P xR /(Sn x El - 0.6P) 0.85 0.85 0.85 0.85
27(c) eq.1
Minimal pipe thickness UG-
mm tl=P x R/(2Sn x Ec + 0.4P) 0.51 0.51 0.51 0.51
27 (c) eq.2
Minimal ired thick
InimatrequIred thickness) — m trn = max(tc,tl ta, tb) 6.22 6.22 6.22 6.22
for pipe
Actual pipe thick i
Sk mm tn = (De - Di)/2- ce - ci 6.225 6.225 6.225 6.225
corroded condition
Pipe criterion at the
tn- pw >=trn OK OK OK OK

minimal thickness

Table 11: Nozzle thickness checking
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minimal thickness

. . Panell Panell Panel2 Panel2
Unit Symbol /equation
nozzle 1 nozzle 2 nozzle 1 nozzle 2
Nozzle material SAS12on s1atp3tel 22312 [saz127p3i6l]
TP316L TP316L
DN 150 150 150 150
Internal calculation
PSI P 154 154 154 154
pressure
External diameter in De 6.63 6.63 6.63 6.63
Max Internal diameter in Di 6.14 6.14 6.14 6.14
Minimal J position in J 3.96 3.96 3.96 3.96
External corrosion in ce 0.000 0.000 0.000 0.000
Internal corrosion in ci 0.000 0.000 0.000 0.000
Machining depth if weld .
. . in pw 0.000 0.000 0.000 0.000
pipe/flange with step
Maximal Internal Radius in . . .
n in R=Di/2+ci +pw 3.068 3.068 3.068 3.068
corroded condition
Int | di teri
nrernatdiameterin in d=2R 6.136 6.136 6.136 6.136
corroded condition
Minimal thickness UG- in ta 0.0625 0.0625 0.0625 0.0625
16(b)
Mininal thickness Table UG- .
45 in tb 0.245 0.245 0.245 0.245
Allowable stress at design
T PSI Sn 16700 16700 16700 16700
Longitudinal join factor El 0.85 0.85 0.85 0.85
Circonferential join factor Ec 0.7 0.7 0.7 0.7
Minimal pipe thickness UG- .
in tc=PxR/(Sn x El - 0.6P) 0.034 0.034 0.034 0.034
27(c) eq.1
Minimal pipe thickness UG- .
in tI=PxR/(2Sn x Ec+0.4P) 0.020 0.020 0.020 0.020
27 (c) eq.2
Minimal required thickness
malreq in trn = max(tctl, ta, th) 0.245 0.245 0.245 0.24500
for pipe
Actual pipe thicknessin
pipe thick in tn = (De - Di)/2- ce - ci 0.245 0.245 0.245 0.245
corroded condition
Pipe criterion at the
tn- pw >=trn OK OK OK OK

Table 12: Nozzle thickness checking (Customary units)

4.7.2. Attachment welds at opening

The design is done according to figure UW-16.1
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UW-16.1 (j)

. . Panell Panell Panel2 Panel2
Unit Symbol /equation
nozzle 1 nozzle 2 nozzle 1 nozzle 2
Flllet.a-pothem (in corroded mm " 8 8 8 8
condition)
Groove apothem in case of
set-in (in corroded mm t2 7 7 7 7
condition)
Check of the fillet external
weld Figures UW-16.1 (a) or t1>=min(6mm,0.7tn) OK oK OK OK
UW-16.1 (j)
Check of the groove
internal weld (set-in) t2 >=min(6mm,0.7tn) oK oK oK OK
Figure UW-16.1 (j)
Check of the sum of
apothem (set-in) Figure t1+t2>=1.25min(tn; 19 mm) OK OK OK OK
UW-16.1 (j)
Table 13: Weld sizes
Unit symbol / equation Panell Panell Panel2 Panel2
nozzle 1 nozzle 2 nozzle 1 nozzle 2
Fillet apothem in tl 0.315 0.315 0.315 0.315
Groove apothemincase of | t2 0.276 0.276 0.276 0.276
set-in
Check of the fillet external
weld Figures UW-16.1 (a) t1>=min(1/4in,0.7tn) OK OK OK OK
or UW-16.1 (j)
Check of the groove
internal weld (set-in) t2 >=min(1/4in,0.7tn) oK OK OK OK
Figure UW-16.1 (j)
Check of the sum of
apothem (set-in) Figure t1+t2>=1.25min(tn; 3/4in) OK OK OK OK

Table 14: Weld sizes (Customary units)

4.7.3. Specific check for set in nozzle

To find the minimal panel thickness from the FEA calculation the following equation (classic

mechanical strength evaluation of a bending beam) is used at the critical position around each nozzle:
tmin.FEA = tmin.caIX\/((Gm+b / 1.5S))

e tminrea: Minimal panel thickness from FEA
e tminca: Mminimal panel thickness used in the FEA calculation for the corresponding nozzle

e om+b: Maximum membrane+ bending for panel around the nozzle stress from each previous

table

e 1.5S: corresponding membrane + bending criterion
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And, in conservative way, these minimal panel thicknesses around the nozzles are taken into
account like the minimal blind panel thickness at the same locations.

Minimum thickness
from FEA (mm)

Panel 1 Nozzle 1 31.18
Panel 1 Nozzle 2 31.06
Panel 2 Nozzle 1 30.76
Panel 2 Nozzle 2 31.43

Table 15: Set in FEA checking

4.7.4. Strength of nozzle attachment checking

According to the chapter UW-15 and the figure UW-16.1 (j), the following table check the analytical
design of nozzle weld with the UG-41 chapter of [1]. According to UW-15 (b) (2) the openings
defined in UG-36 (c) (3) (DN < 60 mm) are exempted from the strength calculation attachment weld.
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. . Panell Panell Panel2 Panel2
Unit Symbol /equation
nozzle 1 nozzle 2 nozzle 1 nozzle 2
Panel thickness with
L mm tp 64 64 64 64
opening minimal value
Minimal blind panel
. mm tr 31.18 31.06 30.76 31.43
thickness from FEA
factors fri=fr2=Sn/Sp 0.97 0.97 0.97 0.97
Required reinforcement 5
mm A=Rxtr+trxtnx(1-frl) 2435 2425 2402 2454
area UG-39 (b)
. . , |All=min(dJ)x(E1x tp -F x tr)4
First areain panel A1l mm 3288 3300 3330 3263
2tn(Elx tp- Fxtr) (1-frl)
. , |A12=2(tp+tn)(E1x tp-Fxtr)-
Second areain panel A12 mm 4599 4616 4658 4564
2tn(E1 x tp -F x tr)(1-frl)
Area available in panel mm? Al=max(A11,A12) 4599 4616 4658 4564
Total weld load Fig. UG- W=(A-Al+2tnxfrl(ELlxtp-
N -208426 -211344 -218640 -202347
41.1 Fxtr)) Sp
First areain nozzle A21 mm? A21=5(tn-trn)fr2 x tp 2 2 2 2
Second areain nozzle A22 mm? A22 =5(tn-trn)fr2 x tn 0 0 0 0
Area available in nozzle mm? A2=min(A21,A22) 0 0 0 0
Fillet apothem mm tl 8 8 8 8
Groove apothem mm 12 7 7 7 7
weld leg mm Ieg=t1x\/2 11 11 11 11
Area available in weld mm? Adl=leg?x fr2 125 125 125 125
Weld load path 1-1 Fig. UG-
i P & N W11= (A2 +A41)Sp 14738 14738 14738 14738
Weld load path 2-2 Fig. UG- W22= (A2 +A41+2tn x t
ealoadpa '8 N ( nxthx 106370 106370 106370 106370
41.1 fr1)Sp
Fillet weld shear UW-15 (c)
MPa Fws =0.49 Sn 56.35 56.35 56.35 56.35
and UG-45
Nozzl Il shear UW-15
ozzie wall shear MPa Nws = 0.7 n 80.5 80.5 80.5 80.5
(c) and UG-45
Groove weld tension UW-
roovew ! MPa Gwt=0.745n 85.1 85.1 85.1 85.1
15 (c) and UG-45
Mean diameter of pipe mm Dm=d+tn 162.08 162.08 162.08 162.08
Strenght of connection
& N Afws =7/2x De x t1x Fws 119176 119176 119176 119176
element weld shear
Strenght of connection
. N Bgwt=7/2 x De x t2 x Gwt 157482 157482 157482 157482
element weld tension
Strenght of connection
N Cnws = /2 x Dm x tn x Nws 127577 127577 127577 127577
element wall shear
Criteria path 1-1 Afws + Cnws > min(W,W11) OK oK OK OK
Criteria path 2-2 Afws + Bgwt > min(W,W22) OK OK OK OK

Table 16: Set in analytical checking

Page No 49 of 67




Subject

Ref. no.

Calculation note - FEA stress analysis of CP40 - 200 plates FEA-CP21-24562-01 Rev00

. . Panell Panell Panel2 Panel2
Unit Symbol /equation
nozzle 1 nozzle 2 nozzle 1 nozzle 2
Panel thickness with .
. . in tp 2.520 2.520 2.520 2.520
opening minimal value
Minimal blind panel in tr 1.228 1.223 1211 1.237
thickness from FEA ’ ) ’ ’
factors frl=fr2=5n/Sp 0.98 0.98 0.98 0.98
Required reinf t
equired reintoreemen in2 | A=Rxtr+trxtnx(1-frl) 3.77 3.76 3.72 3.80
area UG-39 (b)
A11=min(d,J)x(E1x tp -F x tr);
First areain panel A1l in? min(dJ)x(ELx tp -F x tr) 5.10 5.12 5.16 5.06
2tn(Elxtp-Fxtr) (1-frl)
A12 =2(tp+tn)(E1 x tp -F x tr)-
Second areain panel A12 in? (tp+tn)(ELx tp -F x tr) 7.13 7.16 7.22 7.08
2tn(E1x tp -F x tr)(1-frl)
Area available in panel in? Al=max(A11,A12) 7.13 7.16 7.22 7.08
Total weld load Fig. UG- W=(A-Al+2tnx frl(E1xtp-
|bf -46867 -47523 -49162 -45500
411 Fxtr)) Sp
Firstareain nozzle A21 in? A21=5(tn-trn)fr2 x tp 0.00 0.00 0.00 0.00
Second areain nozzle A22 in? A22 =5(tn-trn)fr2 x tn 0.00 0.00 0.00 0.00
Area available in nozzle in? A2=min(A21,A22) 0.000 0.000 0.000 0.000
Fillet apothem in t1 0.315 0.315 0.315 0.315
Groove apothem in t2 0.276 0.276 0.276 0.276
weld leg in leg=t1x V2 0.445 0.445 0.445 0.445
Area available in weld in? Adl=leg?x fr2 0.19 0.19 0.19 0.19
Weld load path 1-1 Fig. UG-
a1 |bf W11=(A2+A41)Sp 3318 3318 3318 3318
Weld load path 2-2 Fig. UG- W22= (A2 + A41+2tn x tp X
Ibf 23960 23960 23960 23960
41.1 fr1)Sp
Fillet weld shear UW-15
et wetdshear @1 Fws =0.49 Sn 8183 8183 8183 8183
and UG-45
Nozzl Il shear UW-15
ozzie Watl shear ps| Nws =0.7Sn 11690 11690 11690 11690
(c) and UG-45
G Id tension UW-
roove weid tension ps| Gwt=0.745n 12358 12358 12358 12358
15 (c) and UG-45
Mean diameter of pipe in Dm=d +tn 6.38 6.38 6.38 6.38
Strenght of connection
Ibf Afws =m/2x De x t1x Fws 26825 26825 26825 26825
element weld shear
Strenght of connection
. |bf Bgwt =7/2x De x t2 x Gwt 35447 35447 35447 35447
element weld tension
Strenght of connection
|bf Cnws = /2 x Dm x tn x Nws 28716 28716 28716 28716
element wall shear
Criteria path 1-1 Afws + Cnws > min(W,W11) OK OK OK OK
Criteria path 2-2 Afws + Bgwt > min(W,W22) OK OK OK OK

Table 17: Set in analytical checking (Customary units)
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4.8.Bolts

The requirements for bolts are roughly described in ASME VIII div. 2 chapter 5.7, which does not
consider practical aspects, such as tightening torque uncertainty, friction factor variations, gasket
relaxation, retightening, etc. which can overall affect design results. For this reason, bolts design is
made using equations described in [7], from Appendix 2.5 of the ASME VIII div. 1. Moreover,
ASME VIII div1 also provides guidelines on bolts stress, considering practical aspects (Appendix S).

As compared to a regular bolted assembly, Compabloc is specific in 2 ways: bolts can be subject to an
additional moment due to the panel bending, and/or subject to additional load to column rotation:

e the bending effect in bolt is neglected, the rotation of panel is low compared to the gap in the
Screw.

e the supplementary traction force due to an addition moment with the rotation of the girder in
case of differential pressure is not depending on the panel thickness.

4.9.Global equilibrium check

The following table shows the results of the global equilibrium for each load case. Only the sum of
nozzles appears, indeed the sum of the pressure need to be 0 for an enclose box.

The vertical reaction for the first load corresponds to the exchanger weight without the plate pack
(calculation with the steel density of the model parts). The real weight not influence the mechanical
stresses on panels and nozzles.

Rx (N) Ry (N) Rz (N)

Setting 0 0 -15040
Simultaneous pressure 3309 3309 -15040
Pressure side A 1755 1552 -15030
Pressure side B 1553 1758 -15030

Table 18: Global equilibrium

Data forces Rx (N) Ry (N) Rz (N)
Simultaneous pressure 3104 3104 -15040
Pressure side A 1552 1552 -15040
Pressure side B 1552 1552 -15040

Table 19: Data of sum of nozzle loads plus the weight
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The values between the two last tables need to be compare. The low differences are due to the mesh of
circle with small linear parts.

The direction of nozzle loads in the global coordinate system are chosen in the following conservative
way:

e For the axial loads always in the same direction than the end caps effect

e For the vertical direction (axe Z in the model), positive for the nozzle with a high or centre
position and negative for a low position

e For the lateral direction, always positive (axe Y for side A and axe X for side B)
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5. CONCLUSION

The static analysis shows that the dimensions of panels of the Studied Compabloc subjected to design
pressures at design temperature of [6], fulfils the requirements of the division 1 section VIII ASME

Code.

6. ANNEXE - PARAMETERS FILE

The following text corresponds to the parameters file with all the data use by ANSYS.

111 full CP with nozzle

111 Parameters.mac
R R AT AT AR A

1 units : mm, N, MPa

fini
[clear
ori = V'

I corrosion (external and internal)

ce= 0 I mm

cil= 0

ci2 = 0

ci3 = 0

ci4 = 0

111 allowable stresses

sp= 118 I MPa for panel
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|_h= 490 I head lenght (mm)

tht_h= 8 I tongue/hang high

ht_h= 15 I tongue/hang width

c_h= 60 I lenght of girder part adjusted compare to 171 mm
th_h= 68 -ce I head thickness

C o= 60 I girder width
tht_g= 8 I tongue/hang high
ht g= 15 I tongue/hang width

tn_1= 80 I nominal panel thickness side 1
tn_2= 80 I nominal panel thickness side 2
tn_3= 70 I nominal panel thickness side 3
tn_4= 70 I nominal panel thickness side 4
usi= 2 I external machining

toll= 5 I tolerance

tol2= 5

tol3= 5

tol4= 5

|_p= 1297 I total panel height

w_p= 482 I total panel width

li_p= 1191.7 I height of internal part

wi_p= 400.5 I width of internal part

X1= 9 +cil I panel depth

X2= 9 +ci2

X3= 9 +ci3

X4= 9 +ci4
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*do,ii,1,4

th_p%ii%-=tn_%ii%-usi-tol%ii%-ce ! thickness of external part side ii
*enddo
*do,ii,1,4

thd_p%ii%=th_p%ii%-X%ii% I thickness of internal part side ii
*enddo
pt_p= 25 I tongue space
I111gasket
th_g= 4.8 I gasket thickness corresponding to the lining thickness
+gasket
w_g= 14 I gasket width
Ibolts
| b= 1229 Iposition of bolt in the panel lenght direction
w_b= 432 Iposition of bolt in the panel width direction
dnom= 24
pas= 3.00
dib=dnom-0.9743*pas I diametre correspondant a la section résistante
dir=2*dib I diamétre de la rondelle
dih= 28 I hole diameter
nbh= 3 I nombre de vis dans la largeur
sph= 110 I espacement vis dans la largeur
nbv= 13 I nombre de vis dans la hauteur
spv= 98.32 I espacement vis dans la hauteur
dec_bh= 0 I For CP15 and CP20 for the shift o bolt due to a non
symmetry
dec_b= 0 I Not use for the moment: decalage de la lier vis cote droit

si pas aligne au vis fond
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nb=2*(nbh+ nbv) I nombre total de vis pour 1 panel

n_nl= 2

Inozzle 1

setonll= 0 I'if 0 nozzle set-in

Matl1= 0 lif 1 CS

dell= 168.3 -2*ce*matll ! external diameter

dill= 155.85 +2*cil*matll ! internal diameter

doll= 170 I opening diameter
epnll=(dell-dill)/2

Inl1= 266 I lenght of nozzle (with panel's thickness)
fll= 8 -ce*matll ! apothem fillet

gll= 7 I groove fillet
dloc11=((dil1l+dell)/4*epn1l)**0.5 I Edge local / global nozzle
J11= 100.5

fnll= 1

Nv11=(li_p/2-J11)*fnll I nozzle position between center of panel
NIll= 0

F x11= 776 I'N

F yll= 776 I'N

F z11= 776 I'N

M_x11= 750e3 INmm

M _yll= 750e3 INmm

M_z11= 750e3 INmm

Inozzle 2

setonl2= 0 I'if 0 nozzle set-in

Mat12= 0 lif1CS

del2= 168.3 -2*ce*mat12 ! external diameter

dil2= 155.85 +2*cil*mat12 ! internal diameter

dol2= 170 I opening diameter
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epnl2=(del2-di12)/2

In12= 266 I lenght of nozzle (with panel's thickness)
f12= 8 -ce*matl2 ! apothem fillet

gl2= 7 I groove fillet
dloc12=((di12+del2)/4*epn12)**0.5 I Edge local / global nozzle
J12= 100.5

fnl2= -1

Nv12=(li_p/2-J12)*fn12 I nozzle position between center of panel
NI12=0 0

F x12= 776 I'N

F yl2= 776 I'N

F z12= 776 I'N

M_x12= 750e3 INmm

M_y12= 750e3 INmm

M_z12= 750e3 INmm

Inozzle 3

seton13= 0 I'if 0 nozzle set-in

Mat13= 1 lif1CS

del3= 457 -2*ce*matl3 ! external diameter

dil3= 0.25 +2*cil*mat13 ! internal diameter

dol3= 462 I opening diameter
epnl13=(del3-dil13)/2

In13= 12 I lenght of nozzle (with panel's thickness)
f13= 12 -ce*matl3 ! apothem fillet

g13= 7 I groove fillet
dloc13=((di13+del3)/4*epnl3)**0.5 I Edge local / global nozzle
J13= 0

fn13= 1

Nv13=(li_p/2-J13)*fn13 I nozzle position between center of panel
NI13= 250

F x13= 3818 I'N

Page No 57 of 67



Subject Ref. no.
Calculation note - FEA stress analysis of CP40 - 200 plates FEA-CP21-24562-01 Rev00

F y13= 3818 IN

F z13= 3818 I'N

M_x13= 6742e3 INmm

M_yl3= 6742e3 INmm

M_z13= 6742e3 INmm

Inozzle 4

setonl4= 0 I'if 0 nozzle set-in

Matl4= 1 Iif 1 CS

del4= 406.4 -2*ce*matl4 ! external diameter

dil4= 0.25 +2*cil*mat14 ! internal diameter

dol4= 411 I opening diameter
epnl4=(del4-dil4)/2

In14= 12 I lenght of nozzle (with panel's thickness)
fl4= 10 -ce*mat14 ! apothem fillet

gl4= 7 I groove fillet
dloc14=((dil4+del4)/4*epn14)**0.5 I Edge local / global nozzle
J14= 0

fnl4= -1

Nv14=(li_p/2-J14)*fn14 I nozzle position between center of panel
NI14= -250

F x14= 3314 I'N

F yl4= 3314 I'N

F z14= 3314 I'N

M_x14= 5333e3 INmm

M_yl4= 5333e3 INmm

M_z14= 5333e3 INmm

n_n2= 2

Inozzle 1
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seton21= 0 I'if 0 nozzle set-in

Mat21= 0 Iif 1 CS

de21= 168.3 -2*ce*mat21 ! external diameter

di2l= 155.85 +2*ci2*mat21 ! internal diameter

do21= 170 I opening diameter
epn21=(de21-di21)/2

In21= 266 I lenght of nozzle (with panel's thickness)
f21= 8 -ce*mat21 ! apothem fillet

g21= 7 I groove fillet
dloc21=((di21+de21)/4*epn21)**0.5 I Edge local / global nozzle
J21= 100.5

fn21= -1

Nv21=(li_p/2-J21)*fn21 I nozzle position between center of panel
NI21= 0

F x21= 776 I'N

F y21= 776 I'N

F z21= 776 I'N

M_x21= 750e3 INmm

M_y21= 750e3 INmm

M_z21= 750e3 INmm

Inozzle 2

seton22= 0 I'if 0 nozzle set-in

Mat22= 0 lif 1 CS

de22= 168.3 -2*ce*mat22 ! external diameter

di22= 155.85 +2*ci2*mat22 ! internal diameter

do22= 170 I opening diameter
epn22=(de22-di22)/2

In22= 266 I lenght of nozzle (with panel's thickness)
f22= 8 -ce*mat22 ! apothem fillet

g22= 7 I groove fillet
dloc22=((di22+de22)/4*epn22)**0.5 I Edge local / global nozzle
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J22= 100.5

fn22= 1

Nv22=(li_p/2-J22)*fn22 I nozzle position between center of panel
NI22= 0

F x22= 776 I'N

F y22= 776 IN

F z22= 776 I'N

M_x22= 750e3 INmm

M_y22= 750e3 INmm

M_z22= 750e3 INmm

Inozzle 3

seton23= 0 I'if 0 nozzle set-in

Mat23= 1 lif1CS

de23= 273 -2*ce*mat23 ! external diameter

di23= 0.25 +2*ci2*mat23 ! internal diameter

do23= 276 I opening diameter
epn23=(de23-di23)/2

In23= 12 I lenght of nozzle (with panel's thickness)
f23= 10 -ce*mat23 ! apothem fillet

g23= 7 I groove fillet
dloc23=((di23+de23)/4*epn23)**0.5 I Edge local / global nozzle
J23= 153

fn23= -1

Nv23=(li_p/2-J23)*fn23 I nozzle position between center of panel
NI23= 250

F x23= 1886 I'N

F y23= 1886 I'N

F z23= 1886 I'N

M_x23= 2167e3 INmm

M_y23= 2167e3 INmm

M_z23= 2167e3 INmm
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Inozzle 4

seton14= 0 I'if 0 nozzle set-in

Mat24= 0 lif 1 CS

de24= 219.1 -2*ce*mat24 ! external diameter

di24= 27.38 +2*ci2*mat24 ! internal diameter

do24= 222 I opening diameter
epn24=(de24-di24)/2

In24= 12 I lenght of nozzle (with panel's thickness)
f24= 10 -ce*mat24 ! apothem fillet

g24= 7 I groove fillet
dloc24=((di24+de24)/4*epn24)**0.5 I Edge local / global nozzle
J24= 126

fn24= 1

Nv24=(li_p/2-J24)*fn24 I nozzle position between center of panel
NI24= -250

F x24= 1443 I'N

F_y24= 1443 I'N

F_z24= 1443 I'N

M_x24= 1431e3 INmm

M_y24= 1431e3 INmm

M_z24= 1431e3 INmm

n_n3= 0

Inozzle 1

seton31= 0 1'if 0 nozzle set-in
Mat31= 1 1if1CS

de31= 168.3 -2*ce*mat31 ! external diameter
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di31= 0.25 +2*ci3*mat31 ! internal diameter

do31= 170 I opening diameter
epn31=(de31-di31)/2

In31= 12 I lenght of nozzle (with panel's thickness)
f31= 8 -ce*mat31 ! apothem fillet

g3l= 7 I groove fillet
dloc31=((di31+de31)/4*epn31)**0.5 I Edge local / global nozzle
J31= 101

fn31= 1

Nv31=(li_p/2-J31)*fn31 I nozzle position between center of panel
NI31= 0

F x31= 776 I'N

F y3l= 776 I'N

F z31= 776 I'N

M_x31= 750e3 INmm

M_y31= 750e3 INmm

M_z31= 750e3 INmm

Inozzle 2

seton32= 0 I'if 0 nozzle set-in

Mat32= 1 Iif 1 CS

de32= 114.3 -2*ce*mat32 ! external diameter

di32= 0.25 +2*ci3*mat32 ! internal diameter

do32= 116 I opening diameter
epn32=(de32-di32)/2

In32= 12 I lenght of nozzle (with panel's thickness)
f32= 6 -ce*mat32 ! apothem fillet

g32= 6 I groove fillet
dloc32=((di32+de32)/4*epn32)**0.5 I Edge local / global nozzle
J32= 74

fn32= -1
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Nv32=(li_p/2-J32)*fn32 I nozzle position between center of panel
NI32= 0

F x32= 628 I'N

F y32= 628 I'N

F z32= 628 I'N

M_x32= 388e3 INmm

M_y32= 388e3 INmm

M_z32= 388e3 INmm

Inozzle 3

seton33= 0 I'if 0 nozzle set-in

Mat33= 0 lif 1 CS

de33= 88.9 -2*ce*mat33 ! external diameter

di33= 11.11 +2*ci3*mat33 ! internal diameter

do33= 90 I opening diameter
epn33=(de33-di33)/2

In33= 12 I lenght of nozzle (with panel's thickness)
f33= 6 -ce*mat33 ! apothem fillet

g33= 6 I groove fillet
dloc33=((di33+de33)/4*epn33)**0.5 I Edge local / global nozzle
J33= 61

fn33= 1

Nv33=(li_p/2-J33)*fn33 I nozzle position between center of panel
NI33= 250

F x33= 480 I'N

F y33= 480 I'N

F z33= 480 I'N

M_x33= 246e3 INmm

M_y33= 246e3 INmm

M_z33= 246e3 INmm

Inozzle 4

seton34= 0 I'if 0 nozzle set-in
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Mat34= 0 lif1CS

de34= 60.3 -2*ce*mat34 ! external diameter

di34= 7.53 +2*ci3*mat34 ! internal diameter

do34= 61 I opening diameter
epn34=(de34-di34)/2

In34= 12 I lenght of nozzle (with panel's thickness)
f34= 5 -ce*mat34 ! apothem fillet

g34= 5 I groove fillet
dloc34=((di34+de34)/4*epn34)**0.5 I Edge local / global nozzle
J34= 47

fn34= -1

Nv34=(li_p/2-J34)*fn34 I nozzle position between center of panel
NI34= -560

F x34= 273 I'N

F y34= 273 I'N

F z34= 273 I'N

M_x34= 80e3 INmm

M_y34= 80e3 INmm

M_z34= 80e3 INmm

n_n4= 0

Inozzle 1

seton41= 0 I'if 0 nozzle set-in
Mat41= 1 1if1CS

dedl= 48.3 -2*ce*mat4l ! external diameter
di4l= 0.25 +2*ci4*mat41 ! internal diameter
do41= 49 I opening diameter
epn4l=(de41-di41)/2

In41= 12 I lenght of nozzle (with panel's thickness)
f41= 4 -ce*mat4l ! apothem fillet

g41= 4 I groove fillet
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dloc41=((di41+de41)/4*epn41)**0.5

J41=

fn4l=
Nv41=(li_p/2-J41)*fn41
NI41=

F_x41=

F y4l=

F z41=

M_x41=

M_y4l=

M_z41=

Inozzle 2

seton42=

Mat42=

de42=

di42=

do42=
epn42=(de42-di42)/2
In42=

f42=

042=

41
1

28.5
159
159
159

37e3
37e3
37e3

0
1

I Edge local / global nozzle

I nozzle position between center of panel

I'N

I'N

I'N
INmm
INmm
INmm

1'if 0 nozzle set-in
1if1CS

33.4 -2*ce*mat42 ! external diameter
0.25 +2*ci4*mat42 ! internal diameter

35

12

I opening diameter

I lenght of nozzle (with panel's thickness)

4 -ce*mat42 ! apothem fillet

4

dloc42=((di42+de42)/4*epn42)**0.5

J42=

fnd2=
Nv42=(li_p/2-J42)*fn42
NI42=

F x42=

F_y42=

F z42=

M_x42=

119

119

119
le3

I groove fillet

I Edge local / global nozzle

I nozzle position between center of panel

I'N

I'N

I'N
INmm

Page No 65 of 67



Subject
Calculation note -

Ref. no.

FEA stress analysis of CP40 - 200 plates FEA-CP21-24562-01 Rev00

M_y42= le3 INmm

M_z42= le3 INmm

Inozzle 3

seton43= 0 I'if 0 nozzle set-in

Mat43= 0 lif 1 CS

de43= 48.3 -2*ce*mat43 ! external diameter

di43= 6.03 +2*ci4*mat43 ! internal diameter

do43= 49 I opening diameter
epn43=(de43-di43)/2

In43= 12 I lenght of nozzle (with panel's thickness)
f43= 4 -ce*mat43 ! apothem fillet

g43= 4 I groove fillet
dloc43=((di43+de43)/4*epn43)**0.5 I Edge local / global nozzle
J43= 41

fn43= 1

Nv43=(li_p/2-J43)*fn43 I nozzle position between center of panel
NI43= 250

F x43= 209 I'N

F y43= 209 I'N

F z43= 209 I'N

M_x43= 40e3 INmm

M_y43= 40e3 INmm

M_z43= 40e3 INmm

Inozzle 4

seton44= 0 I'if 0 nozzle set-in

Mat44= 0 1if1CS

ded4= 48.3 -2*ce*mat44 ! external diameter

di44= 6.0375 +2*ci4*mat44 ! internal diameter

do44= 49 I opening diameter
epn44=(ded4-di44)/2

In44= 12 I lenght of nozzle (with panel's thickness)
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f44=
g44=

4 -ce*mat44 ! apothem fillet

4

dloc44=((di44+ded4)/4*epnd4)**0.5

J44=
fn44=

NvA4=(li_p/2-144)*fn44

NI44=
F_x44=
F_y44=
F_z44=
M_x44=
M_y44=
M_z44=

Prel3 =
Pre24=
Fb=

Ecs=
Ess=
Ebcs=

pcs=
pss=

dcs=
dss=

acs=

ass=

41
-1

-250
209
209
209

40e3
40e3
40e3

1.06
1.06
36300

197000
188000
199000

0.30
0.31

7850e-12
7950e-12

0.00001222
0.00001636

I groove fillet
I Edge local / global nozzle

I nozzle position between center of panel

I'N

I'N

I'N
INmm
INmm
INmm

I pressure differential(MPa)

I Tightening load of panels (N) by bolt

IMPa

Page No 67 of 67





