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GS ESSS CASE 1. Thermal /Mech Analysis of a Heat exchanger
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Steady-State Thermal (ANSYS) Static Structural (ANSYS)

A Preliminary study of a heat exchanger
A Thermal and structural analysis (symmetry)

www.esss.com.br




K ESss  Model Description

Upper Mirror / Base
Body weld

castbar

Upper Mirror

Base Body

Lower Mirror / Base
Body weld

Lower Mirror

Base Flange

castbar
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&I ESSS  Model Description

Upper Mirror / Bushing weld

Lower
Mirror

Upper

Mirror Castbar

Lower Mirror / Bushing weld

T ]

Castbar Fiberfrax Bushing Tube Tube / Bushing weld

Sacrifice Tube
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65 ESSS Thermal Boundary Conditions

A Radiation to ambient (top and bottom faces)
A Convection on all free surfaces
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65 ESSS  Structural Boundary Conditions

A Weight of top structure
A Frictionless support at bottom face
A Internal pressure
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69 ESSS Global Results

Temperature
Twpe: Temperature
Inik: =

Time: 1

. 1003.5 Max
910,26
—1 816.97
—1 723.68
630,39
5371
—1 443.82
390.53
257,24
163.95 Min
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K ESss Results Upper Mirror

Temperature

Twpe: Temperature

Umik: *iC
Tirne: 1

230,35
— Z28.46
— Z26.97
224.69
222.8
— 22091

219.02
I 217.13
215.24 Min

232.24 Max

Equivalent Stress
Type: Equivalent {von-Mises) Stress

Lnik:

MPa

Tirne: 1
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448.55 Max
157 o

120.2
103.4
86,593
69.791
oZ.,959
36,187

19,354 v ,
2.582 Min



K ESSS  Results

Lower

Mirror

PAGE 10

Temperature
Twpe: Temperature
Unik: =

Time: 1

. 310.58 Max
299,72
— £53.87
— Z78.01

. 267,16
256,35

—1 £43.45

£34.59
I 223.74
212.89 Min
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Equivalent Stress

Tvpe: Equivalent {(von-Mises) Stress
Lnit: MPa

Time: 1

260.73 Max
1357

— 1:£1.19
— 10537
g9,557
73,743
—] 57.929

. _ ,
47,115 = -
26.3 “ \-'\I Y

10.486 Min



65 ESSS Results Base Body PAGE 11

Temperature
Twpe: Temperature
Inik: =

Time: 1

. 402.66 Max
379.9
— 357.14
— 334.39
311.63
288,87
— 266,11
243,36
£20.6
197.84 Min

Equivalent Stress

Type: Equivalent {von-Mises) Stress
Init: MPa

Time: 1

. 287.87 Max
137

— 120,71

— 104.41

. 88,122
71.829

1 55.536

39.243
I 22,95
6.6575 Min
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65 ESSS Results Upper Mirror i Base Body Weld PAGE 12

Temperature
Type: Temperature
nit: =

Time: 1

. 241.49 Max
£39.41
— £37.33
— 235.25

. 233.17
£31.09

1 Z£9.01

226,93
I 224,85
222,777 Min
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Equivalent Stress

Twpe: Equivalent {(von-Mises) Stress
Unit: MPa

Time: 1

. 548.13 Max
137

— 121.4
— 105.8

. 90,199
74.595

— 55,993 £

43.397 . y
I 27,797 ,,'
12.196 Min




65 ESSS Results Lower Mirror i Base Body Weld PAGE 13

Temperature
Twpe: Temperature
nik: =

Time: 1

. 237.81 Max
235.75
— £33.69
— 23l.62

. 229.56
2275

1 225,43

243,37
I 271,351
219.24 Min
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Equivalent Stress

Type: Equivalent (won-Mises) Stress
IJrit: MPa

Time: 1

. 396.61 Max
137

— 131.16
— 1£5.32

. 119,45
113.64

— 107.79 .

I 101,95 ».I.-\I )
95,112 ,,'
90.271 Min




SS ESSS CASE 2: Welding (Thermal ) PAGE 14

A Manufacturing process widely used in industry
A Main applications include joining and repairing of components
A Welding can be generated by different processes:
I Solid - State Welding
I Fusion Welding
A Fusion welding processes are the most common

I Contact surfaces melting is promoted by a heat source

I Differente heat sources are available , being the electric arc ones
the most used

A Complex process, due to couplings between different phenomena
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SS ESSS Phenomena Coupling PAGE 15

[ THERMAL ]

Influence on mechanical
properties
Thermal strain

Heat generated by phase transf.
Influence on thermal properties

Initiates phase Heat generated by
transf. plastic strain

Influence on mechanical properties
Phase transformation induced strain

[ PHASE TRANSF. J( )[ MECHANICAL ]

Strain induced phase tranf.
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SS ESSS Heat Source Models PAGE 16

A Good representation of the temperature distribution is
very important fora correct numerical modeling

A Total heat power is dependent of the heat source
characterisitcs and welding process efficiency

A Different approaches are available in literature , using
geometric distributions
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K Esss Double Ellipsoid Model PAGE 17

VSO®_ 2 g i e
ath @ GJp

a(x,y,x) =
‘g\/

X=z+v(t-1)

GOLDAK et al, 1984
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SS ESSS Residual Stresses PAGE 18

A Welding thermal cycles and phase transformation induced
strain are responsible for residual stress fields in the weld
joint .

A Residual stresses act as a initial stress state, prior to stresses
caused by operational loads.

STOTAL _ SOPERATION/L +5 RESIDUAL

A Tensile residual stresses are very dangerous in components
submitted to fatigue loadings.

I Affect the nucleation and propagation of cracks.

A Many design methodologies do not consider the existence of
residual stresses (null initial stress state ).

I Adoption of elevated safety factors.

A Post-weld heat treatments are recommended for stress relief.
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K ESss Double Ellipsoid FEA Model PAGE 19

A Submerged arc welding of a low carbon steel plate with 100
mm thickness

A Welding process parameters:
I Voltage : 32.9V
I Current: 1170 A
I Welding speed : 5 mm/s
I Efficiency: 95 %

A Adiabatic condition on symmetry plane
A Convection on other surfaces (except weld region)

A Heat generation at elements inside double ellipsoid
region

A Temperature -dependent thermal properties
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SS ESSS Double Ellipsoid Model 3D Geometry

PAGE 20

NODAL SOLUTION Jtll
TIME=.5

TEMP [AVG)

RSTS=0

SMN =20

sMx =708, 42

p 4

r

12.59%93 868,308 1717 2565
444.15 1292 2141 29895
Double Ellipsoid Model - 3D geometry

3413
3837
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ss ESSS Double Ellipsoid Model 3D Geometry PAGE 21

POST1 SURFACES

VALUE= TEMP
21
TIME=30

T
19.995 479.19 938.384 1398 1857
249.592 708.787 1168 1627 2086

Double Ellipscoid Model - 3D geometry
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65 ESSS Double Ellipsoid Model 2D Geometry PAGE 22
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SS ESSS Model Comparison PAGE 23

FZ limit HAZ limit
(mm) (mm)
3D Model
(at mid-length) 14 20
Experimental
(GOLDAK et al, 1984) 14 21
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sﬁ ESSS CASE 3: Welding Process

PAGE 24

A Theoretical aspects of welding
A CAD Model employed

A FEM Model

'-i“‘-“

A Transient Thermal Analysis

_--“--‘--‘1-‘:

A Temperature Distribution

A Mechanical Analysis Methodology
A Plastic Strain Distribution

A Stress Distribution
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65 ESSS Theoretical Aspects PAGE 25

During the welding process the p a r tenipsrature
rises abruptly. The p a r temerature from the
melting pool may be represented by the graph at
the right.

Considering the temperature change of a single
point of the part, the welding thermo cycle may
be represented.

It is possible to verify the temperature rises very
fast and then decreases to the room temperature in
a certain speed that depends on:

= s

1. Initial temperature of the molten metal
2. Initial temperature of the part
3. Thermal conductivity of the part

Temperatura
ot

4. P a r thiéksess | = ' -
5. Union configuration - T.<—f -
6. Environmental dissipation coefficient SRR

Maldonesi
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PAGE 26

K ESSS Theoretical Aspects

A Also, due to the thermal cycle, the met al 69
mechanical properties change during the welding o 4%

process.

> (10

ps1)

A In this way, welding process may lead to distortion
and residual stresses.

l\/fc-dulus E(106

A During the welding process, in order to melt the
metal, high heat is abruptly applied on a small

area.

A The heated metal expands up to be
blocked by the cooler neighbor regions.
This generates transient stress, which may
exceeds the yield limit. When the part cool
down to the room temperature, the metal
contraction will not be proportional. So the

permanent distortion.

(b)

Adapted from The Lincoln Electric Co (1973)
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ss ESSS CAD Model PAGE 27

Detail of the seam weld, split in 14 parts according to
the methodology adopted. In a total, 28 parts are
necessary to represent the whole joint.
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