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19 Modeling
K

19.1 Characteristics of modeling

PENTA6 D

One nets only half the thickness of the wall by reason of symmetry; modeling is made under
a height and a thickness H = 1.0 with only one layer of elements. Each cubeis cut out
in 2 pentahedrons.

One uses modeling “ 3D_DIAG” applied to PENTAG, which corresponds to the lumpage of
stamp of thermal mass.

L=0.05
Limiting conditions

D
C
on[BC], [AB] and[cd.]: =0

H

on [AD]: Tpisimposed
With

M1

M2
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BH

TP

100 °C

20 elements PENTA6 D
0

T

103 S

points

nodes

Initial conditions
M1

N21

with

N24

T=0°C

M2

N69

with

N72

Onefixes here the duration of the shock at 103 S.

19.2 Characteristics of the grid

A number of nodes. 84
A number of meshs and types: 40 PENTA6G

19.3 Functionalities
tested

Orders

THER_LINEAIRE
LIST_INST

RECU_CHAMP
INST
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20 Results of modeling K

20.1 Values
tested

| dentification Reference
Aster %

difference

M1 (X=0.2)

T=01
65.48
65.28
-0.30
T=02
75.58
75.81
+0.31
T=07
93.01
92.87
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-0.15
T=20
99.72
99.70
-0.02

M2 (X = 0.8)

T=01
8.09
8.087
-0.03
T=02
26.37
25.81
-2.14
T=07
78.47
78.04
-0.55
T=20
99.13
99.08
-0.05
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21 Modeling
L

21.1 Characteristics of modeling

HEXAS D

One nets only half the thickness of the wall by reason of symmetry; modeling is made under
a height and a thicknessH = 1.0 with only one layer of elements.

Oneuses modeling “3D_DIAG” applied to HEXAS, which corresponds to the lumpage of
stamp of thermal mass.

L =0.05
Limiting conditions

D
C
on [BC], [AB] and[cd.]: =0

H

on [AD]: Tp isimposed
With

M1

M2

BH

Tp

100 °C

20 elementsHEXA8 D
0

T

103 S

points

nodes
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Initial conditions
M1

N21

with

N24

T=0°C

M2

N69

with

N72

Onefixes herethe duration of the shock at 103 S.

21.2 Characteristics of the grid

A number of nodes: 84
A number of meshs and types. 20 HEXAS8

21.3 Functionalities tested
Orders

THER _LINEAIRE

LIST INST

RECU _CHAMP

INST
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22 Results of modeling L

22.1 Values
tested

| dentification Reference
Aster %

difference

M1 (X=0.2)

T=01
65.48
65.28
-0.30
T=02
75.58
75.81
+0.31
T=0.7
93.01
92.87
-0.15
T=20
99.72
99.70
-0.02

M2 (X = 0.8)
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T=01
8.09
8.087
-0.03
T=02
26.37
25.81
-2.10
T=07
78.47
78.04
-0.55
T=20
99.13
99.08
-0.05
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23 Summary of theresults

At theend of 0.7 Sthe error is definitely lower than 1% for the various thermal elements 2D
(QUADS8) and 3D (HEXA8 - HEXA20 - PENTAG - PENTA15 - TETRA4) used.
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It does not seem that the lumpage improves the numerical result.
It would be advisable to test the elements lumpés with a true jump asin modeling B.
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Organization (S): EDF/IMA/MMN

Handbook of Validation

V4.21 booklet: Transitory thermics of thelinear structures

Document: V4.21.100

TTLL100 - Thermal shock on a plane wall with

condition of exchange

Summary:

Thistest of transitory linear thermics consistsin imposing a cold thermal shock on an infinite plane
wall on the assistance

of a condition limits of exchange. The shock ismodelled by a linear slope T = 100 °Cinto 102 S.
The problem is dealt with in plan.

Thereference solution isanalytical.

Thetest iscarried out on 2 modelings: (TRIA3, QUAD4) and (TRIA6, QUAD?9).

Onetests the algorithm of linear thermics transitory when the matrix of massis diagonalisée
(modeling

PLAN_DIAG with "masslumping'").

Handbook of Validation

V4.21 booklet: Transitory thermics of thelinear structures
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Code Aster ®
Version
4.0
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1

Problem of reference
1.1 Geometry

y

With

B

C

L

XM ZNZO

AB=BC=L=01m
X (M1)=0.02m

X (m2) =0.08 m

1.2

Material properties
=1W/m°C

C

p =1000J/m3°C

1.3

Boundary conditions and loadings
T

Exchange

= (

HT
TXT
ext.

)
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N x=%L
with
H=

100 W/m2° C
T

;xt. (©

100

0
T

ext. (C)

0

t=10 2

1.4 Conditions

initial

T (X, 0) = 100°C for any X
Discretization in time (T):
10

not for
[O.

1.D2]

that isto say
T=103S

9

not for
[1D2

1.D1]

that isto say
T=102S

9

not for
[1.D1

1]
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that isto say
T=101S

5

not for

[1.

2.]

that isto say
T=2101S
8

not for

[2.

10.]

that isto say

T=1S
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2

Reference solution

2.1

Method of calculation used for the reference solution
TXT)-T

+

X

ext. =

With exp (
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initial temperature
T

ext.
outside temperature
N

=

positive roots of tan = hL =

—zZzzZz2

4 9n
and
WITH = A
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N Z Z I

=+

N

sin (2 N)

2.2

Results of reference

Temperatures at the points M1 (X = 0.02) and m2 (X = 0.08),

and at various moments (T = 0.1, 0.5, 2.0 and 10.0).

The values of reference are obtained by calculating the first 30 terms of the series (Mathematica).
2.3

Uncertainty on the solution

Analytical solution.

2.4 References

bibliographical

[1]

INCROPERA F.P., OF WITT D.P., Fundamentals of heat and mass transfer. Third Edition.
1990.
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3 Modeling

With

3.1

Characteristics of modeling

TRIA3, QUAD4

By reason of symmetry, one nets only one half the thickness of the wall. Modeling is made on
aheight H = 0.1 mwith 2 layers of elements.
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M'1

M'2

D

C

Limiting conditions

on [AB], [AD] and [CD]: null flow

H

on [BC]: exchange H, Text
Text

With

B

M1

M2

100 °C

0°C

T

0

102 S

Initial conditions
points

nodes

X

y
T=100°C

M1 N16

0.02

0.0

M2 N6

0.08

0.0

M'1

N14

0.02

0.1

M'2

N4

0.08

0.1

3.2

Characteristics of the grid
A number of nodes: 18
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A number of meshs and types: 5 QUAD4, 10 TRIA3
3.3 Functionalities

tested

Orders

Keys

AFFE_MODELE

MODELING

PLAN_DIAG

[U4.22.01]

AFFE_CHAR THER F

EXCHANGE

[U4.25.02]

THER_LINEAIRE

[U4.62.01]
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4

Results of modeling A
4.1 Values

tested

| dentification
Reference

Aster

% difference

M1 (X =0.02) N16
T=0.1

100.00

99.998

+0.00
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T=05
99.408
99.042
0.37
T=20
79.859
79.794
0.08
T=10.0
15.717
16.138
+2.68
M2 (X =0.08) N6
T=0.1
93.666
93.380
0.31
T=05
63.500
63.813
+0.49
T=20
35.717
35.667
0.14
T=10.0
6.7948
6.9326
+2.03
M'1 (X =0.02) N14
T=0.1
100.00
99.998
+0.00
T=05
99.408
99.077
0.33
T=20
79.859
80.002
+0.18
T=10.0
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15.717

16.211

+3.14

M'2 (X =0.08) N4
T=01

93.666

92.895

0.82

T=05

63.500

61.882

2.55

T=20

35.717

35.331

1.08

T=10.0

6.7948

6.8885

+1.38

4.2 Parameters

of execution

Version: 4.01.12
Machine: CRAY C98
System: UNICOS
Obstruction memory:
8 megawords

Time CPU To use: 9.2 seconds
Handbook of Validation
V4.21 booklet: Transitory thermics of thelinear structures
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5 Modeling

B

51

Characteristics of modeling

TRIAG6, QUAD9

By reason of symmetry, one nets only one half the thickness of the wall. Modeling is made on
aheight H = 0.1 m with 2 layers of elements.
M'1

M'2

D

C

Limiting conditions

on [AB], [AD] and [CD]: null flow

H

on [BC]: exchange H, Text
Text

With

B

M1

M2

100 °C

0°C

T

0

102 S

Initial conditions
points

nodes

X
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y
T=100°C

M1 N16

0.02

0.0

M2 N6

0.08

0.0

M'1

N14

0.02

0.1

M'2

N4

0.08

0.1

5.2

Characteristics of thegrid
A number of nodes. 55
A number of meshs and types. 5 QUADY, 10 TRIAG6
5.3 Functionalities
tested

Orders

Keys
CREA_MAILLAGE
MODI_MAILLE
OPTION:

“QUADS8 9"

[U4.12.06]
AFFE_MODELE
MODELING
PLAN_DIAG
[U4.22.01]
AFFE_CHAR _THER F
EXCHANGE
[U4.25.02]
THER_LINEAIRE
[U4.62.01]

Handbook of Validation
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6

Results of modeling B
6.1 Values

tested

| dentification
Reference

Aster

% difference

M1 (X =0.02) N18
T=0.1

100.00

100.00

+0.00

T=05

99.408

99.278

0.13

T=20

79.859

79.898

+0.05

T=100

15.717

16.043

+2.07

M2 (X =0.08) N49
T=0.1

93.666

94.077

+0.44

T=05
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63.500
63.979
+0.75
T=20
35.717
35.825
+0.30
T=100
6.7948
6.9321
+2.02
M'1 (X = 0.02) N12
T=01
100.00
100.00
+0.00
T=05
99.408
99.311
0.10
T=20
79.859
80.101
+0.30
T=100
15.717
16.093
+2.39
M'2 (X = 0.08) N30
T=01
93.666
93.469
0.21
T=05
63.500
62.860
1.01
T=20
35.717
35.641
0.21
T=100
6.7948

file:///Z|/process/ivalid/p2430.htm (4 of 16)9/28/2006 4:32:39 PM



file:/l1Z|/process/valid/p2430.htm

6.9068

+1.65

6.2 Parameters

of execution

Version: 4.01.12

Machine: CRAY C98

System: UNICOS

Obstruction memory:

8 megawords

Time CPU To use: 10.0 seconds
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7

Summary of theresults

Modeling “PLAN_DIAG” givesrather satisfactory results. Although the grid comprises
few elementsin the thickness, the variation on the temperatures remain lower than 3.2%.
Although the thermal shock is brutal, the diagonalisation of the matrix of mass makes it possible to
obtain one

solution in temperature which does not oscillate during the transient.
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Date:

20/09/02

Author (S):

C. DURAND, E. SCREW, F. LEBOUVIER Clé

V4.21.301-A Page:
1/8

Organization (S): EDF/AMA, EDF/UTO/S S Delta CAD

Handbook of Validation
V4.21 booklet: Transitory thermics of the linear structures
V4.21.301 document

TTLL301 - Thermal transfer in a bar with
imposed temperature (sinusoid)

Summary:
This test results from the validation independent of version 3 in linear transitory thermics.
It isabout a linear problem 1D represented by two modelings, one planes, the other voluminal one.

The functionalities tested are as follows:
plane thermal element,
voluminal thermal element,
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transitory algorithm of thermics,
limiting conditions. sinusoidal variation of the temperature imposed in the course of time.

- Theinterest of the test resides in the taking into account of the variation in the temperature imposed
during
time and of the geometrical discretization.

The results are compared with those provided by NAFEMS.
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1
Problem of reference

1.1 Geometry

TB = 100 sin (/40) °C
With

B

X

0.08

0.1

Dimensionsin meters
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1.2
Properties of material

=35W/m°C

thermal conductivity

CP = 440.5 J/kg °C specific heat
= 7200 kg/m3 mass

voluminal

1.3
Boundary conditions and loadings

- temperature imposed on point a: MT =0 °C,

- temperature imposed on point b: TB = 100 sin (t/40) °C.
1.4 Conditions

initial

T=0:T(X)=0°C
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2
Reference solution
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2.1
Method of calculation used for the reference solution

Thereference solution isthat given in thecard “ TEST n° T3” of the tests of reference published
by NAFEMS.

2.2
Results of reference

Temperatureasin point X = 0.08 at themoment T =32 S

2.3
Uncertainty on the solution

Nonavailable on card NAFEMS.

2.4 References
bibliographical

[1]
NAFEMS (the National Agency for Finite Element Methods Standard and (the U.K\)) :
“ Standard The NAFEM S Benchmarcks’, TNSB rév 3, October 1990.
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3 Modeling
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With

3.1
Characteristics of modeling

PLAN (TRIA3)

A

Limiting conditions:

- dimensioned AB CD =0
- dimensioned AD

=0°C

- dimensioned BC

T =100sin (t/40) °C

3.2
Characteristics of thegrid

A number of nodes:
22
A number of meshs and types:. 10 TRIA3

3.3 Functionalities
tested

Orders

' FORMULATE

CALC_FONC_INTERP
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| nterpol
13 I NTH

AFFE_MODELE
THERMICS
PLAN

ALL

AFFE_CHAR THER F
TEMP_IMPO

THER_LINEAIRE
TEMP_INIT
VALE

LIST_INST

RECU CHAMP
INST

3.4 Remarks
Thediscretization in step of timeisasfollows:

5 stepsfor [0., 1.0D+0] isT =2.D-1

18 stepsfor [1.D+0, 1.0D+1] areT =5.D-1

20 stepsfor [1.D+1, 2.0D+1] areT =5.D-1

20 stepsfor [2.D+1, 3.0D+1] areT =5.D-1

10 stepsfor [3.D+1, 3.5D+1] are T =5.D-1
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V4.21.301-A Page:
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4
Results of modeling A

4.1 Values
tested

| dentification Reference
Aster

% difference

Tolerance

Temperature at the point:
T (°C)

X=008mwithT=32S

N17 36.60
37.87
3.480

2%

N18 36.60
36.98
1.036

2%

4.2 Parameters
of execution

Version: 5.03

Machine: SGI - ORIGIN 2000 - R12000

Obstruction memory:

8 megawords

Time CPU To use: 4.57 seconds
Handbook of Validation
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5 Modeling
B

51
Characteristics of modeling

Modeling: 3D (PENTA15)

Z

DH

With

E

y

0.0l m

N114

N115

N119

0.0l m

C

Limiting conditions:
G

N118

- face AEHD
X

=0°C

B
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- face BFGC
T =100 sin (t/40) °C
- others faces

I 7

0
52
Characteristics of thegrid

A number of nodes:
148
A number of meshs and types. 20 PENTA15

5.3 Functionalities

tested

Orders

I FORMULATE

CALC FONC INTERP
| nterpol

[13 I NTH
AFFE_MODELE
THERMICS

3D

ALL

AFFE_CHAR THER F
TEMP_IMPO

THER _LINEAIRE
TEMP_INIT

VALE

LIST INST

RECU _CHAMP

INST
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5.4 Remarks
The discretization in step of timeisasfollows:

5 stepsfor [0., 1.0D+0] isT =2.D-1

18 stepsfor [1.D+0, 1.0D+1] are T = 5.D-1

20 stepsfor [1.D+1, 2.0D+1] are T = 5.D-1

20 stepsfor [2.D+1, 3.0D+1] areT=5.D-1

10 stepsfor [3.D+1, 3.5D+1] areT = 5.D-1

Handbook of Validation
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HT-66/02/001/A

Code Aster ®
Version
5.0

Titrate:

Thermal TTLL301 Transfer in a bar with imposed temperature
Date:

20/09/02

Author (S):

C. DURAND, E. SCREW, F. LEBOUVIER Clé

V4.21.301-A Page:
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6
Results of modeling B

6.1 Values
tested

| dentification Reference
Aster

% difference

Tolerance

Temperature at the point:

X=0.08mwithT=32S
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N114 36.60
36.60
0.006

2%

N115 36.60
36.47
-0.355

2%

N118 36.60
36.47
-0.355

2%

N119 36.60
36.60
0.006

2%

6.2 Parameters
of execution

Version: 5.03

Machine: SGI - ORIGIN 2000 - R12000

Obstruction memory:

8 megawords

Time CPU To use: 5.03 seconds
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7
Summary of theresults

Thistest is recommended by NAFEMS (but with another type of mesh).
Two modelings carried out give the following results:

- modeling A (PLANE with meshs TRIA3), the maximum change (3.48%) is higher than
tolerance fixed initially (2%),

- modeling B (3D with meshs PENTA15), the maximum change (0.36%) is lower than
tolerance fixed initially (2%).

The limiting condition is given by using the order “! FORMULATE” . This choice allows good
representation of the taking into account of the condition limits of sinusoidal form.

Quadratic modeling is adapted to simulate this test. A finer and balanced grid
for linear modeling would allow to obtain better results.

The results of modeling A are thus regarded as acceptable.
The principal interest of thistest isitsorigin: NAFEMS

Handbook of Validation
V4.21 booklet: Transitory thermics of the linear structures
HT-66/02/001/A
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Thermal TTLL303 Transfer in a bar with generation of heat
Date:

20/09/02

Author (S):

C. DURAND, E. SCREW, F. LEBOUVIER Clé

V4.21.303-A Page:
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Organization (S): EDF/AMA, EDF/UTO/S S Delta CAD

Handbook of Validation
V4.21 booklet: Transitory thermics of the linear structures
V4.21.303 document

TTLL303 - Thermal transfer in a bar with
internal generation of heat

Summary:
This test results from the validation independent of version 3 in linear transitory thermics.
It isabout a problem plane 2D represented by only one modeling (plane).

Thefunctionalities tested are as follows:
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- plane thermal element,
- transitory algorithm of thermics,
- limiting conditions: heat source.

Theinterest of the test liesin the taking into account of a heat source.

Theresults are compared with an analytical solution.
Handbook of Validation
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1
Problem of reference

1.1 Geometry

STMXO00OO<
=

0.05m

2L =0.2m
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1.2
Properties of material

100 W/m °C

thermal conductivity
CP = 7000

J/m3 °C voluminal heat

1.3
Boundary conditions and loadings

- Heat sourceinterns Q = 106 W/m3,
-[AB], [CD] =0,
-[BC], [DA] T=0°C.

1.4 Conditions
initial
T(T=0)=0°C

Handbook of Validation
V4.21 booklet: Transitory thermics of thelinear structures
HT-66/02/001/A
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Author (S):
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V4.21.303-A Page:
3/6

2
Reference solution
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2.1
Method of calculation used for the reference solution

QL2
X 2

I
32

(-1)
2i +1
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ror — —

The values of reference are obtained with | = 1000.

2.2
Results of reference

Temperature at the pointsE and F at themoment T=0.25and 0.5 S

2.3
Uncertainty on the solution

Analytical solution.

2.4 References
bibliographical

[1]

B.M. Nicolai, J. of Baerdemaeker, “ Computation of heat conduction in materials with random
variable thermophysical properties”, Int. J. num. Meth. Engng, flight 36, pp 523-536, 1993.
Handbook of Validation

V4.21 booklet: Transitory thermics of the linear structures

HT-66/02/00/A

Code Aster ®
Version
5.0

Titrate:

Thermal TTLL303 Transfer in a bar with generation of heat
Date:

20/09/02

Author (S):

C. DURAND, E. SCREW, F. LEBOUVIER Clé

V4.21.303-A Page:
4/6

file:/l1Z|/process/valid/p2440.htm (6 of 24)9/28/2006 4:32:40 PM



file:/l/Z|/process/valid/p2440.htm

3 Modeling
With

3.1
Characteristics of modeling

PLAN (TRIA6, QUADS)

N1

N156

N4

B

N158

N7

N161

N10

N163

N13

0.1

N16

0.05

N19

E

Limiting conditions:
- dimensioned EB, CG, GE =0
- dimensioned BC
T=0°C

3.2
Characteristics of thegrid

file:///Z|/process/valid/p2440.htm (7 of 24)9/28/2006 4:32:40 PM



file:/l1Z|/process/valid/p2440.htm

A number of nodes:
314
A number of meshs and types: 97 (20 TRIAG, 77QUADS)

3.3 Functionalities

tested

Orders

AFFE_MODELE
THERMICS
PLAN

AFFE_CHAR THER F
SOURCE

TEMP_IMPO
ALL

THER_LINEAIRE
TEMP_INIT
VALE

LIST INST

RECU_CHAMP

INST

3.4 Remarks

The discretization in step of timeisasfollows:

50 stepsfor [0.,0.50] areT =1.D-2

Handbook of Validation

V4.21 booklet: Transitory thermics of the linear structures
HT-66/02/00/A

Code Aster ®
Version
5.0
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Titrate:
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Author (S):
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4
Results of modeling A

4.1 Values
tested

Relative variation %

Absolute deviation

| dentification Reference

Aster difference tolerance difference tolerance
Temperatures (°C)

X=0,T=025S

N1 28.62
28.58
-0.145
1%
-0.042
0.05

N4 28.62
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28.58
-0.145

1%

-0.042
0.05

N7 28.62
28.58
-0.145

1%

-0.042
0.05

N10 28.62
28.58
-0.145

1%

-0.042
0.05

N13 28.62
28.58
-0.145

1%
-0.042
0.05

N16 28.62
28.58
-0.145

1%
-0.042
0.05

N19 28.62
28.58
-0.145

1%
-0.042
0.05
X=0.05T=025S

N151 22.38
22.35
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-0.127

1%

-0.028

0.05

N152 22.38
22.35
-0.127

1%

-0.028

0.05

N154 22.38
22.35
-0.127

1%

-0.028

0.05

N156 22.38
22.35
-0.127

1%

-0.028

0.05

N158 22.38
22.35
-0.127

1%

-0.028

0.05

N161 22.38
22.35
-0.127

1%

-0.028

0.05

N163 22.38
22.35
-0.127

1%

-0.028

0.05
X=0,T=050S
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N141.14
41.11
-0.081

1%

-0.033
0.05

N4 41.14
41.11
-0.080

1%

-0.033
0.05

N7 41.14
41.11
-0.081

1%

-0.033
0.05
N1041.14
41.11
-0.081

1%

-0.033
0.05
N1341.14
41.11
-0.081

1%

-0.033
0.05

N16 41.14
41.11
-0.081

1%

-0.033
0.05
N1941.14
41.11
-0.081

1%
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-0.033
0.05
X =0.05T=0.50s

N151 31.24
31.21
-0.091

1%

-0.029

0.05

N152 31.24
31.21
-0.091

1%

-0.029

0.05

N154 31.24
31.21
-0.091

1%

-0.029

0.05

N156 31.24
31.21
-0.091

1%

-0.029

0.05

N158 31.24
31.21
-0.091

1%

-0.029

0.05

N161 31.24
31.21
-0.091

1%

-0.029
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0.05

N163 31.24
31.21
-0.091

1%

-0.029

0.05

4.2 Parameters
of execution

Version: 5.03

Machine: SGI - ORIGIN 2000 - R12000

Obstruction memory:

8 megawords

Time CPU To use: 4.04 seconds
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5
Summary of the results

The results obtained are satisfactory, the maximum changeis 0.15%.

The points of observations, located at X = 0.05 and pertaining to meshs of the different types, have it
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even result.

Thistest made it possible to test in linear transient (modeling PLAN), the order
AFFE_CHAR THER_F with the operand SOURCE.
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Titrate:

TTNLOZ2 - Thermal transient with phase shift
Date:

11/06/03

Author (S):

Key J.P. LEFEBVRE

V4.22.002-B Page:
1/8

Organization (S): EDF-R & D /AMA

Handbook of Validation
V4.22 booklet: Non-linear transitory thermics of the linear structures
Document: V4.22.002

TTNLOZ2 - Thermal transient with change
of phase

file:/l/Z)/process/valid/p2440.htm (15 of 24)9/28/2006 4:32:40 PM



file:/l1Z|/process/valid/p2440.htm

Summary:

This elementary test makes it possible to deal with one-way problem in non-linear transitory thermics
and of

to check the taking into account of a liquid/solid phase shift by Code Aster while introducing by

the intermediary of the voluminal enthalpy latent heat of fusion. The solution is analytical and
utilizes

functions of erf error and erfc. The problem is dealt with in the plane and voluminal cases.

For modelings presented here, the variations of the results obtained by Code Aster range between 1
and
4% of the analytically calculated reference.
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Titrate:
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Date:
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Author (S):

Key J.P. LEFEBVRE

V4.22.002-B Page:
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1

Problem of reference
1.1 Geometry

Ti =740 °C

Tm =660 °C
TO=580°C
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Solid phase
Liquid phase
0

L

L=0.1m

1.2
Material properties

They are the subscripted characteristics of aluminium by Sfor the solid phase and L for the phase
liquid. They are supposed to be constant within each phase.

3
3
voluminal

mass
= 2550 kg/m
= 2390 kg/m

WowWwo kR W

voluminal heat

C=

10
3.00
Jim°C
C=

10
2.58
Jim°C
1

S
conductivi thermal

t-piece

K =210 W/m°C
K=95W/m°C
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S
1

3
heat
fusion

of
|atent

L=

10

437.44
J/kg
températur
fusion

of

E
T = 660.0°C
m
9
3
of

variation
voluminal

enthalpy
H =

10
1.08048
J/m

1.3
Boundary conditions and loadings

Temperature imposed at the ends.

T=5800C
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inX=0
0

T=7400C

inX=L
|

1.4 Conditions
initial

Uniform initial temperature

init
T
=1

T=7400C

Handbook of Validation
V4.22 booklet: Non-linear transitory thermics of the linear structures
HT-66/03/008/A

Code Aster ®
Version
6.4

Titrate:

TTNLOZ2 - Thermal transient with phase shift
Date:

11/06/03

Author (S):

Key J.P. LEFEBVRE
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2
Reference solution

2.1
Method of calculation used for the reference solution
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One has an semi-analytical solution utilizing the functions of errors:

and dt and erfc (X)

and dt
0
X

This solution isvalid for a semi-infinite medium, it could thus be used only in one
field of variation limited of the variable of time.

L

S

Thatisto say X

T

T the position of the solid interface/liquid. Are St =

and

whereD and D

2D

the solid diffusivity of the mediums and liquid D indicate
S

, D
L
S
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=. The solution of the equation of

C
L
C
S
L
heat isform:
T-T

X
TX,T)=T
m

0

0+
erf

if X

erf ()

2D T
T-T

TX,T)=T

erfc
if XX

D
2DT
T
S
L
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erfc

di
The data of ttotal is enough to define the solution, one thusfixes ttotal = 420.0

2.2
Results of reference

TIME:
051015202530
X-coordinate
.000
580.
580.
580.
580.
580.
580.
.005
682.43
661.33
647.50
638.74
632.69
628.20
.010
726.05
705.75
692.06
682.43
675.24
669.63
.015
738.11
728.70
718.44
709.60
702.23
696.06
.020
739.86
737.22
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731.99
726.05
720.27
714.94
.025
740.
739.50
737.56
134.47
730.81
727.00
.030
740.
739.93
739.39
738.11
736.20
733.88
.035
740.
739.99
739.88
739.45
738.61
737.40
.040
740.
740.
739.98
739.86
739.55
739.00
.045
740.
740.
740.
739.97
739.87
739.65
.050
740.
740.
740.
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740.

739.97

739.89

.055

740.

740.

740.

740.

740.

739.97

.060

740.

740.

740.

740.

740. 740.

.065

740.

740.

740.

740.

740.

740.

.070

740. 740. 740. 740. 740. 740.
.075

740. 740. 740. 740. 740. 740.
.080

740. 740. 740. 740. 740. 740.
.085

740. 740. 740. 740. 740. 740.
.090

740. 740. 740. 740. 740. 740.
095

740. 740. 740. 740. 740. 740.
.100

740. 740. 740. 740. 740. 740.
Handbook of Validation
V4.22 booklet: Non-linear transitory thermics of the linear structures
HT-66/03/008/A
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Code Aster ®
Version
6.4

Titrate:

TTNLOZ2 - Thermal transient with phase shift
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Author (S):

Key J.P. LEFEBVRE

V4.22.002-B Page:
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TIME:

354.0455.0556.0

X-coordinate

.000 580.

580. 580.

580. 580.

580.

.005 624.68 621.84 619.48 617.48 615.25 614.25
.010 665.09 661.33 657.43 653.65 650.37 647.49
.015 690.83 686.33 682.43 678.99 675.95 673.22
.020 710.11 705.75 701.81 698.25 709.92 692.06
.025 723.23 719.60 716.17 712.95 720.89 707.09
.030 731.34 728.70 726.05 723.43 728.48 718.44
.035 735.89 734.18 732.34 730.43 733.42 726.53
.040 738.21 737.22 736.07 734.79 736.44 731.99
.045 739.29 738.77 738.11 737.33 738.18 735.47
.050 739.74 739.50 739.15 738.71 739.12 737.56
.055 739.91 739.81 739.65 739.42 739.60 738.75
.060 739.97 739.93 739.86 739.75 739.83 739.39
.065 739.99 739.98 739.95 739.90 739.93 739.72
.070 740.

739.99 739.98 739.96 739.97 739.88

.075 740.

740. 740.

739.99 739.99 739.95

.080 740.

740. 740.

740. 740.

739.98
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.085 740.
740. 740.
740. 740.
739.99
.090 740.
740. 740.
740. 740.
740.
.095 740.
740. 740.
740. 740.
740.
.100 740.
740. 740.
740. 740.
740.

(In °C, according to the X-coordinate in meter and of time in seconds).

Note:

One limits oneself to the variations during the 6 first second, beyond 10 seconds the condition with
limit at theend X = L isnot assured any more.

2.3

Uncertainty on the solution

Unknown factor, due to the evaluation of the functions of error.

2.4 References

bibliographical

[

Mr. Necati Ozisik - Heat Conduction - Chapter 10: Phase-change problems example 10-3 -

John Wiley & Sounds.
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3 Modeling
With

3.1
Characteristics of modeling

Modeling 2D:

N6

N11
N16
N21

3.2
Characteristics of thegrid

20 QUADS

33
Functionalities tested

Order

Key word factor
Simple key word
Argument

DEFI_MATERIAU THER_NL
LAMBDA
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BETA

THER_NON_LINE TEMP_INIT
CHAM_NO

INCREMENT

CONVERGENCE
RES| _GLOB_RELA
1.E-2

ITER_GLOB_MAXI
25

CRIT_LAGR RELA
1E-3

FILING

PARM_THETA
0.8

LAGRANGI AN
RHO

4

R4

FILING

3.4 Notice
The latent heat of fusion is provided via the enthalpy on an interval of 0.01 °C.

H
9
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=1.08 10

Voluminal enthalpy
T=0.01
Temperature
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4
Results of modeling A

4.1 Values
tested

The nodes observed have as a co-ordinatey = 0.0

| dentification

Reference

Aster %

difference

temperature

T =0.5SN6 (X =0.005)
682.43

676.24

-0.908

T =1.0SN6 (X =0.005)
661.33

640.58
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-3.137
T = 3.0 SN6 (X = 0.005)
628.20
615.72
-1.987
T = 6.0 SN6 (X = 0.005)
614.25
605.37
-1.446

T=0.5SN11 (X =0.010)
726.05
736.92
+1.497
T=1.0SN11 (X =0.010)
705.75
710.18
+0.628
T =3.0SN11 (X =0.010)
669.63
648.30
-3.185
T=6.0SN11 (X =0.010)
647.49
629.97
-2.707

T=05SN16 (X =0.015)
738.11
741.19
+0.418
T=10SN16 (X =0.015)
728.70
737.23
+1.170
T =3.0SN16 (X =0.015)
696.06
692.52
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-0.508
T = 6.0 SN16 (X = 0.015)
673.22
652.62
-3.059

T =0.5SN21 (X =0.020)
739.86
741.60
+0.235
T =1.0SN21 (X =0.020)
737.22
741.16
+0.534
T =3.0SN21 (X =0.020)
714.94
723.46
+1.192
T =6.0 SN21 (X = 0.020)
692.06
685.31
-0.976

Calculation by finite elements requires a discretization in timesof T

10
5
4

Sat least for

first steps. The boundary condition imposed at the origin making pass the temperature abruptly of
740.°C with 580.°C. One observes on the level of the first steps of time some oscillations which
stabilize then rather quickly, despite everything the maximum temperature is exceeded, it does not
have there

respect of the discrete maximum. This phenomenon is observed at the time of the thermal shocks,
only one

particular digital processing on the level of the matrix of mass can curethislast.

Handbook of Validation
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5 Modeling
B

51
Characteristics of modeling

Modeling 3D:

No324
No0312 No300 No277

5.2
Characteristics of thegrid

20 HEXA20

53
Functionalities tested

Order
Key word factor
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Simple key word
Argument

DEFI_MATERIAU THER_NL
LAMBDA

BETA

THER_NON_LINE
TEMP_INIT VALE
740.0
INCREMENT

CONVERGENCE
RESI GLOB_RELA
1E-2

ITER_ GLOB_MAXI
25

CRIT LAGR RELA
1E-3

PARM_THETA
0.8

LAGRANGI AN
RHO
4

R
4
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6
Results of modeling B

6.1 Values
tested

The nodes observed have as co-ordinates. X =y =0.005

| dentification

Reference

Aster %

difference

Temperature

T =0.5SN0324 (Z = 0.005)
682.43

671.47

-1.59

T =1.0SNo0324 (Z = 0.005)
661.33

698.97

-3.38

T =3.0 SN0324 (Z = 0.005)
628.20

615.54

-2.02

T =6.0 SN0324 (Z = 0.005)
614.25

612.41
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-0.30

T =0.5SN0312 (Z = 0.010)
726.05

733.77

+1.06

T =1.0 SNo0312 (Z = 0.010)
705.75

707.08

+0.19

T =3.0 SN0312 (Z = 0.010)
669.63

647.77

-3.26

T = 6.0 SN0312 (Z = 0.010)
647.49

645.01

-0.38

T =0.5SNo0300 (Z =0.015)
738.11

740.86

+0.373

T =1.0SNo0300 (Z =0.015)
728.70

736.05

+1.01

T =3.0SN0300 (Z = 0.015)
696.06

691.42

-0.67

T =6.0 SNo300 (Z = 0.015)
673.22

670.77

-0.36
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T =0.5SNo0277 (Z = 0.020)
739.86

741.34

+0.20

T =1.0SNo0277 (Z = 0.020)
737.22

740.36

+0.48

T =3.0SNo0277 (Z = 0.020)
714.94

722.46

+1.05

T =6.0 SNo277 (Z = 0.020)
692.06

696.09

-0.58

7
Summaries of the results

The error obtained compared to the analytical solution remains reasonable for the points of
observation

listed in the tables. Let us announce however that the thermal shock imposed on the beginning of the
transient

cause oscillations (when one observes the variation in the temperature in a point during

times) which diminish quickly and which disappeared at time T =0.5S.
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Organization (S): EDF-R & D /AMA

Handbook of Validation
V4.22 booklet: Non-linear transitory thermics of the linear structures
Document: V4.22.003

TTNLO3 - Thermohydration.
Simulation of an adiabatic test

Summary:

The purpose of thistest isto validate the behavior thermo-hydrating THER_HYDR, by simulating a
test

adiabat:

a freshly-mixed concrete sample is plunged in a calorimeter, the catch being carried out with release
of heat,

it isa question of finding the field of temperature and hydration in the course of time.

The temperature and the degree of hydration are uniform in the sample. The temperature measured
in

calorimeter will be thusthe reference solution, the hydration being determined by analytical
integration of the law

of evolution.
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2 modelings are proposed: three-dimensional and axisymmetric.
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1
Problem of reference

1.1 Geometry

y

gn=0

4

3

Im
Concrete

1.2
Material properties

The material hasthe following thermal characteristics:

Thermal conductivity: ks =6 kJ/h/m/°K
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voluminal variation of enthalpy: H = 2.4.105 kJ/m3,

and characteristics relating to the behavior hydrating following:
Heat per degree of hydration: QO = 1.4904105 kJ/m3

Constant of Arrhenius: Ar = 4000/°K.

Note:

The constant of Arrheniusis always expressed in Kelvin degree. The temperatures are
expressed in °C.

Affinity function of the hydration:

Degree of hydration H
Affinity A (H) (1/h)
06510

0.008 6360

0.016 2485

0.019 2460

0.038 9520

0.047 21800

0.08 37600

0.138 51600

0.232 51400

0.351 28200

0.44 16100

0.511700

0.63 5570

0.73 4240

0.81 1780

0.88 302

0.97 50

1.000
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1.3
Boundary conditions and loadings

Oneimposes a heat flux no one on all the faces of the solid. The loading is only initiated
by a heat source depending on the hydration Q = QO h.

1.4 Conditions
initial

Theinitial temperatureis of 20.9°C
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2
Reference solution

2.1
Method of calculation used for the reference solution
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Thereference solution in temperature is given by at every moment measured temperatures
during the adiabatic test.

Thereference solution for the degree of hydration is calculated analytically according to
temperatures measured by integrating the law of evolution of the degree of hydration hy:

Ar

hyAHET

AA.{.
N—r

2736) T T being expressed in °C

2.2
Results of Reference

Theresultsrelate to the first 60 hours of the test.

T (out of H)
T (in °C)

hy (en%)
02090
121.40.8
221916
322119
422322
5225258
1035.323.2
1557.859.4
20 68.3 76
3075.8 88
4577.9 92
60 79.1 94

2.3
Uncertainty on the solution

Measure temperatures during the test. I ntegration of the law of evolution of hy on steps of time
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varying between 1h and 5h.

2.4 References
bibiographic

[1]

CESAR-LCPC 3.2. Handbook of examples. Modeling of the concrete at the youth. January 1996
[2]

Gilles DEBRUYNE: Analyze models of behavior of the concretein CESAR:

transferability of model TEXO-MEXO in Code Aster. CR MMN 97-193. 24/12/97
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3 Modeling
With

3.1
Characteristics of modeling

Modeling AXIS
3.2
Characteristics of the grid

A number of nodes: 4
A number of meshs and types. 1 QUAD4
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3.3 Functionalities
tested

Orders

DEFI_FONCTION HYDR

DEFI_MATERIAU THER HYDR AFFINITY
QSR _K

CHALHYDR

THER_NON_LINE COMP_THER_NL
RELATION

THER_HYDR

4
Results of modeling A

4.1 Values
tested

| dentification Moments Reference
Aster %
difference

T node 1

5

22.5 22.47
-0.139

T node 1

15

57.8 56.82
-1.696

T node 1

60

79.1 76.67
-3.066

hy Pt of Gauss 1
5
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2.58D-2 2.52D-2
-2.101

hy Pt of Gauss 1
15

5.94D-1 5.97D-1
0.53

hy Pt of Gauss 1
60
9.4D-19.32D-1
-0.871
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5 Modeling
B

51
Characteristics of modeling

Z

NO7
NO5
NO8
NO6
y

NO3
NO1
NO4
NO2
X

5.2
Characteristics of thegrid

A number of nodes. 8
A number of meshs and types:. 1 HEXA8 + 4 QUADA4 (faces)

5.3 Functionalities
tested

Orders
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DEFI_FONCTION HYDR

DEFI_MATERIAU THER HYDR AFFINITY QSR K
CHALHYDR

THER _NON_LINE COMP_THER NL

RELATION THER HYDR

6
Results of modeling B

6.1 Values
tested

| dentification Moments Reference
Aster %
difference

T node 1

5

22.5 22.47
-0.139

T node 1

15

57.8 56.82
-1.696

T node 1

60

79.1 76.67
-3.066

hy Pt of Gauss 1
5

2.58D-2 2.52D-2
-2.101

hy Pt of Gauss 1
15
5.94D-15.97D-1
0.53

hy Pt of Gauss 1
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60

9.4D-19.32D-1

-0.871
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7
Summary of the results

The error obtained compared to the reference solution is about 1% with regard to

temperature and the hydration. Let us announce that the problem was dealt with with steps of time of the
order

from 15 minutes what is relatively small for the phenomenon of hydration which lasts several

tens of hours.

Handbook of Validation
V4.22 booklet: Nonlinear thermics of the linear structures
HT-66/03/008/A

Code Aster ®
Version
6.4

Titrate:

TTNLOS - Thermohydration. Smulation of an adiabatic test
Date:

01/07/03

Author (S):

file:/l/Z|/process/valid/p2460.htm (3 of 22)9/28/2006 4:32:41 PM



file:/l1Z|/process/valid/p2460.htm

G. DEBRUYNE Key

V4.22.003-A Page:
8/8

Intentionally white left page.
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Organization (S): EDF/AMA, EDF/UTO/S S Delta CAD

Handbook of Validation
V4.22 booklet: Non-linear transitory thermics of the linear structures
V4.22.302 document

TTNL302 - Infinite wall subjected to a constant flow
with variable properties

Summary:
Thistest results from the validation independent of version 3 in nonlinear transitory thermics.

It isabout a linear problem 1D represented by five modelings, one planes, four the other voluminal
ones.

The functionalities tested are as follows:

- element of plane thermics,

- voluminal element of thermics,

- algorithm of transitory thermics non-linear,
- variable properties,

- limiting condition: imposed flow.

Theinterest of thetest liesin the taking into account of properties variable (thermal conductivity and
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heat
voluminal).

Theresults are compared with an analytical solution.
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1
Problem of reference

1.1 Geometry

rWSXmMO O o<
=

Q (W/m?2)
, C
L=2m
15
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AE=EB= 1m
1

1

T(9

T(°C)

1

1.2
Properties of material

=1.0+05TWm.°C
Thermal conductivity
C=10+0.5T J/m3.°C Heat
voluminal

1.3
Boundary conditions and loadings

-with dimensions [AD]: flowimposed Q =1 W/m2for T >0,
-with dimensions [AB], [BC], [CD] = O.

1.4 Conditions
initial
T (X,0)=0°Cfor any X

Handbook of Validation
V4.22 booklet: Non-linear transitory thermics of the linear structures
HT-66/02/001/A

Code Aster ®
Version
5.0

Titrate:

TTNL302 infinite Wall subjected to a constant flow with variable properties
Date:

20/09/02

Author (S):

C. DURAND, E. SCREW, F. LEBOUVIER Clé

file:///Z|/processivalid/p2460.ntm (7 of 22)9/28/2006 4:32:41 PM



file:/l/Z|/process/valid/p2460.htm

V4.22.302-A Page:
3/14

2
Reference solution

2.1
Method of calculation used for the reference solution

Semi-analytical solution utilizing functions of error:

X2

T(OXT) =21+ 2(T/) exp-
+ x.erfc -

1

4t

2T

with er (
FCX)
and

dt
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where X = X-coordinate
T =time

Thisformulaisvalidonly for (T)=C(T) =1. + 0.5T

2.2
Results of reference

Temperature at pointsA (X =0) and E (X = 1) at themoment T following: T =0.1, 0.3, 0.5, 0.7 and 1s

2.3
Uncertainty on the solution

Unknown factor, due to the evaluation of the functions of error.

2.4 References
bibliographical

[1]

Segal, NR. Praagman, “ A fast implementation of explicit time stepping algorithms with the finite
element method for has class of nonlinear evolution problems ™, Int. J. num. Meth. Engng, flight 23,
pp 155-168, 1986.
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3 Modeling
With

3.1
Characteristics of modeling

PLAN (QUADO9)

MmO o

0.1m

m20

m11 m10

ml

X

With

E

B

1.m

2.m

Limiting conditions:
Not

X

y

Node

With

0.0

0.0

N1

- dimensioned AB, BC,CD =0
D

0.0

0.1

N3

- dimensioned AD
Q=1W/mz2°C
E

1.0

0.0

N61

F
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1.0
0.1
N63

3.2
Characteristics of the grid

A number of nodes:
123
A number of meshs and types. 20 QUAD9

3.3 Functionalities
tested

Orders

AFFE_MODELE
THERMICS
PLAN

ALL

DEFI_MATERIAU
THER_NL

AFFE_CHAR THER
FLUX_REP

THER_NON_LINE
TEMP_INIT
VALE

INCREMENT
LIST INST

RECU_CHAMP
INST

3.4 Remarks
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The discretization in step of timeis asfollows:

10 stepsfor [0.,5.D-2] isT =5.D-3

19 step for [5.D-2, 1.D0] isT =5.D-2

Handbook of Validation

V4.22 booklet: Non-linear transitory thermics of the linear structures
HT-66/02/001/A

Code Aster ®
Version
5.0

Titrate:

TTNL302 infinite Wall subjected to a constant flow with variable properties
Date:

20/09/02

Author (S):

C. DURAND, E. SCREW, F. LEBOUVIER Clé

V4.22.302-A Page:
5/14

4
Results of modeling A

4.1 Values
tested

| dentification Reference
Aster %

difference

tolerance

Temperature (°C)

NodeN1T =0.1s
0.330

0.329

-0.204%

1%

““T=0.3s

0.544
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0.544
-0.048%
1%
““T=0.5s
0.682
0.681
-0.075%
1%
““T=0.7s
0.789
0.789
-0.036%
1%
““T=1.0s
0.918
0.920
0.254%
1%
NodeN3 T =0.1s
0.330
0.329
-0.204%
1%
““T=0.3s
0.544
0.544
-0.048%
1%
““T=0.5s
0.682
0.681
-0.075%
1%
““T=0.7s
0.789
0.789
-0.036%
1%
““T=1.0s
0.918
0.920
0.254%
1%

file///Z|/processivalid/p2460.ntm (13 of 22)9/28/2006 4:32:41 PM



file:/l1Z|/process/valid/p2460.htm

NodeN61 T =0.1s
0.004
0.004
1.161%
1%
““T=0.3s
0.071
0.071
-0.377%
1%
““T=0.5s
0.160
0.161
0.573%
1%
““T=0.7s
0.247
0.251
1.616%
1%
““T=10s
0.366
0.380
3.951%
1%

Node N63 T =0.1s
0.004
0.004
1.161%
1%
““T=0.3s
0.071
0.071
-0.377%
1%
““T=0.5s
0.160
0.161
0.573%
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1%
““T=0.7s
0.247
0.251
1.616%
1%
““T=1.0s
0.366
0.380
3.951%
1%

4.2 Remarks

Therelative error isto the maximum of 3.9%.

4.3 Parameters
of execution

Version: 5.03

Machine: SGI - ORIGIN 2000 - R12000

Obstruction memory:
8 megawords
Time CPU To use: 19.44 seconds

Handbook of Validation
V4.22 booklet: Non-linear transitory thermics of the linear structures
HT-66/02/001/A

Code Aster ®
Version
5.0

Titrate:

TTNL302 infinite Wall subjected to a constant flow with variable properties
Date:

20/09/02

Author (S):
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C. DURAND, E. SCREW, F. LEBOUVIER Clé

V4.22.302-A Page:
6/14

5 Modeling
B

51
Characteristics of modeling

3D (HEXA20)

Z

y

Nodes

H

Nodes

N121

0.1mO0.1m

N126

G

N1

D

C

N8

E

X

F

With

B

Im

Limiting conditions:
Nodes

X

y

Z

- faces ABCD, ABFE =0
N1

0.0

0.0

0.05

- faceseFGH, DCGH
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N8

0.0

0.1

-0.05

=0

- face BFGC
N121

1.0

0.0

-0.05

=0

- face AEHD
Q

N126

1.0

0.1

0.05
=1W/m?2

52
Characteristics of the grid

A number of nodes:
248
A number of meshs and types. 20 HEXA20

5.3 Functionalities
tested

Orders

AFFE_MODELE
THERMICS

3D

ALL

DEFI_MATERIAU
THER_NL

AFFE_CHAR THER
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FLUX_REP

THER_NON_LINE
TEMP_INIT
VALE

INCREMENT
LIST INST

RECU_CHAMP
INST

5.4 Remarks
The discretization in step of timeis asfollows:

10 stepsfor [0., 5.D0-2] isT = 5.D-3

19 step for [5.D-2, 1.D0] isT = 5.D-2

Handbook of Validation

V4.22 booklet: Non-linear transitory thermics of the linear structures
HT-66/02/001/A

Code Aster ®
Version
5.0

Titrate:

TTNL302 infinite Wall subjected to a constant flow with variable properties
Date:

20/09/02

Author (S):

C. DURAND, E. SCREW, F. LEBOUVIER Clé

V4.22.302-A Page:
7114

6
Results of modeling B

6.1 Values
tested
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| dentification Reference
Aster %

difference

tolerance

Temperature (°C)

NodeN1T= 0.1s
0.330
0.330
-0.129

1%
““T=0.3s
0.544
0.543
-0.149

1%
““T=0.5s
0.682
0.681
-0.154

1%
““T=0.7s
0.789
0.788
-0.092

1%
““T=1.0s
0.918
0.920
0.222

1%

Node N8 T = 0.1s
0.330
0.330
-0.129

1%
““T=0.3s
0.544
0.543
-0.149

1%
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““T=0.5s
0.682
0.681
-0.154

1%
““T=0.7s
0.789
0.788
-0.092

1%
““T=1.0s
0.918
0.920
0.222

1%

NodeN121 T = 0.1s
0.004
0.004
10.931

1%
““T=0.3s
0.071
0.071
-0.242

1%
““T=0.5s
0.160
0.161
0.587

1%
““T=0.7s
0.247
0.251
1.619

1%
““T=1.0s
0.366
0.380

3.95

file///Z|/processivalid/p2460.ntm (20 of 22)9/28/2006 4:32:41 PM



file:/l1Z|/process/valid/p2460.htm

1%

Node N126 T = 0.1s
0.004
0.004
10.931

1%
““T=03s
0.071
0.071
-0.242

1%
““T=0.5s
0.160
0.161
0.587

1%
““T=0.7s
0.247
0.251
1.619

1%
““T=1.0s
0.366
0.380

3.95

1%

6.2 Remarks

Therelative error isto the maximum of 3.95%, except for X =1 at themoment T = 0.1sthe error is
11%.

Thiserror was obtained for the smallest value of the temperature (T = 0.004°C). Thisvariation

be explained by the fact that the function of error in this point is 0.025347 and that uncertainty on
calculation of the function of error is unknown.

6.3 Parameters
of execution

Version: 5.03
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Machine: SGI - ORIGIN 2000 - R12000

Obstruction memory:
8 megawords
Time CPU To use: 8.30 seconds

Handbook of Validation

V4.22 booklet: Non-linear transitory thermics of the linear structures
HT-66/02/00/A

file///Z|/processivalid/p2460.ntm (22 of 22)9/28/2006 4:32:41 PM



file:/l/Z|/process/valid/p2470.htm

Code Aster ®
Version
5.0

Titrate:

TTNL302 infinite Wall subjected to a constant flow with variable properties
Date:

20/09/02

Author (S):

C. DURAND, E. SCREW, F. LEBOUVIER Clé
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7 Modeling
C

7.1
Characteristics of modeling

3D (TETRA4)

X

G

C

Longitudinal axis X following the trisecting one (X=Y=2)
Limiting conditions:
B

- faces ABCD, ABFE
=0

0.2m

- faces EFGH, DCGH
=0

- face BFGC

=0

Z

- face AEHD
Q=1Wm?2

0.2m

X < NN
I
=
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N1
N6
N8
N103
N106
D

H
N105
N3
N4
N9
N108
N2
N5
N7
N104
N107
X

Y X
Y

H

D
With
E

X
Section X = 0.
Section X = 1.
E
With

7.2
Characteristics of the grid

A number of nodes:
224
A number of meshs and types. 692 TETRA4 (and 8 TRIA3)

7.3 Functionalities
tested

Orders
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AFFE_MODELE
AFFE
THERMICS

3D

DEFI_MATERIAU
THER NL

AFFE_CHAR THER
FLUX_REP

THER_NON_LINE
TEMP_INIT
VALE

INCREMENT
LIST_INST

RECU_CHAMP
INST

7.4 Remarks
The discretization in step of timeisasfollows:

10 stepsfor [0., 5.D-2] isT =5.D-3

19 step for [5.D-2, 1.D0] isT =5.D-2

Handbook of Validation

V4.22 booklet: Non-linear transitory thermics of the linear structures
HT-66/02/001/A

Code Aster ®
Version
5.0

Titrate:

TTNL302 infinite Wall subjected to a constant flow with variable properties
Date:

20/09/02

Author (S):

C. DURAND, E. SCREW, F. LEBOUVIER Clé
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8
Results of modeling C

8.1 Values
tested

| dentification Reference
Aster

Relative variation (%)
Absolute deviation (°C)

difference
tolerance
difference
tolerance
Temperaturesin °C:

Face
X=0.m

N7 node
T=0.1s
0.330
0.3295
-0.162%
1.%
-0.000536
0.005
T=0.3s
0.544
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0.5425
-0.273%
1.%
-0.00149
0.005

T =0.5s
0.682
0.6796
-0.351%
1.%
-0.00239
0.005
T=0.7s
0.789
0.7861
-0.362%
1.%
-0.00285
0.005
T=1.0s
0.918
0.9165
-0.159%
1.%
-0.00146
0.005
N5 node
T=0.1s
0.330
0.3279
-0.627%
1.%
-0.00207
0.005
T=0.3s
0.544
0.5418
-0.406%
1.%
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-0.00221
0.005

T =0.5s
0.682
0.6791
-0.422%
1.%
-0.00288
0.005
T=0.7s
0.789
0.7858
-0.409%
1.%
-0.00323
0.005
T=1.0s
0.918
0.9162
-0.192%
1.%
-0.00176
0.005

Section
X=1m

Node N107 T =0.1s
0.00394
0.004140
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5.085%
1.% 0.000200 0.005
T =0.3s
0.0706
0.07013
-0.665%
1.%
-0.000470
0.005

T =0.5s
0.160
0.1596
-0.228%
1.%
-0.000364
0.005

T =0.7s
0.247
0.2488
0.730%
1.%
0.00180
0.005

T =1.0s
0.366
0.3766
2.889%
1.%
0.0106
0.005
NodeN108 T =0.1s
0.00394
0.004002
1.577%
1.%
-0.0000621
0.005

T=0.3s
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0.0706
0.06937
-1.742%
1.%
-0.00123
0.005

T =0.5s
0.160
0.1586
-0.895%
1.%
-0.00143
0.005
T=0.7s
0.247
0.2476
0.238%
1.%
0.000587
0.005
T=1.0s
0.366
0.3753
2.534%
1.%
0.00928
0.005

8.2 Remarks

The selected nodes correspond to the extreme results on the same section.

8.3 Parameters
of execution

Version: 5.03
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Machine: SGI - ORIGIN 2000 - R12000

Obstruction memory:
8 megawords
Time CPU To use: 13.08 seconds
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V4.22 booklet: Non-linear transitory thermics of the linear structures
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Version
5.0

Titrate:

TTNL302 infinite Wall subjected to a constant flow with variable properties
Date:
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Author (S):
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9 Modeling
D

9.1
Characteristics of modeling

3D (TETRA10)

Z

Longitudinal axis X following the trisecting one (X=Y=2)
N4

N7

N12 N16 N25

Limiting conditions:

Z0OOIO0X

1
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N9

N15N17 N23
- faces ABCD, ABFE
=0

N2

N10 N13 N20 N22
- facesEFGH, DCGH
=0

- face BFGC
B

=0

N3

N6

N14 N18 N21
- face AEHD
Q=1W/m2
X

N5

N8

N11 N19 N24
Y

With

E

Z

0.2m

Section X = 0.
Z

N601

N605

N611

Y

0.2m

N602

X=1

N603

N599

N606

N610

N607

N608

H

D

X

file:///Z|/processivalid/p2470.htm (10 of 29)9/28/2006 4:32:41 PM



file:/l/Z|/process/valid/p2470.htm

X

Y

N600

N604

N609
Section X =1
E

With

9.2
Characteristics of thegrid

A number of nodes:
1310
A number of meshs and types. 697 TETRA10 (and 8 TRIAG)

9.3 Functionalities
tested

Orders

AFFE_MODELE
AFFE
THERMICS

3D

DEFI_MATERIAU
THER_NL

AFFE_CHAR THER
FLUX_REP

THER_NON_LINE
TEMP_INIT
VALE

INCREMENT
LIST INST

RECU_CHAMP
INST
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9.4 Remarks
The discretization in step of timeisasfollows:

10 stepsfor [0.,5.D-2] isT =5.D-3

19 step for [5.D-2, 1.D0] isT =5.D-2

Handbook of Validation

V4.22 booklet: Non-linear transitory thermics of the linear structures
HT-66/02/00/A

Code Aster ®
Version
5.0

Titrate:

TTNL302 infinite Wall subjected to a constant flow with variable properties
Date:

20/09/02

Author (S):

C. DURAND, E. SCREW, F. LEBOUVIER Clé
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10 Results of modeling D

10.1 Values
tested

| dentification Reference
Aster

Relative variation (%)
Absolute deviation (°C)

difference
tolerance
difference
tolerance
Temperaturesin °C:
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Face
X=0.m

N4 node
T=0.1s
0.330
0.3291
-0.281%
1.%
-0.000926
0.005
T=0.3s
0.544
0.5423
-0.318%
1.%
-0.00173
0.005

T =0.5s
0.682
0.6794
-0.383%
1.%
-0.00261
0.005
T=0.7s
0.789
0.7860
-0.384%
1.%
-0.00303
0.005

T=1.0s
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0.918
0.9164
-0.180%
1.%
-0.00165
0.005
N25 node
T=0.1s
0.330
0.3292
-0.255%
1.%
-0.000843
0.005

T=0.3s
0.544
0.5423
-0.314%
1.%
-0.00171
0.005

T =0.5s
0.682
0.6794
-0.382%
1.%
-0.00261
0.005

T=0.7s
0.789
0.7860
-0.383%
1.%
-0.00303
0.005

T=1.0s
0.918
0.9163
-0.180%

file:///Z|/processivalid/p2470.htm (14 of 29)9/28/2006 4:32:41 PM



file:/l/Z|/process/valid/p2470.htm

1.%
-0.00165
0.005

Section
X=1m

Node N606 T = 0.1s
0.00394
0.004331
9.913%
1.% 0.000391 0.005
T=0.3s
0.0706
0.07021
-0.551%
1.%
-0.000389
0.005

T =0.5s
0.160
0.1596
-0.251%
1.%
-0.000402
0.005
T=0.7s
0.247
0.2488
0.710%
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1.%
0.00175
0.005
T=1.0s
0.366
0.3764
2.855%
1.%
0.0104
0.005
NodeN611 T =0.1s
0.00394
0.004332
9.944%
1.% 0.000392 0.005
T=0.3s
0.0706
0.07021
-0.550%
1.%
-0.000388
0.005

T =0.5s
0.160
0.1596
-0.251%
1.%
-0.000402
0.005
T=0.7s
0.247
0.2488
0.710%
1.%
0.00175
0.005
T=1.0s
0.366

file:///Z|/processivalid/p2470.htm (16 of 29)9/28/2006 4:32:41 PM



file:/l1Z|/process/valid/p2470.htm

0.3764
2.855%
1.%
0.0104
0.005

10.2 Remarks

The calculated results are almost identical on the nodes of the same section.

10.3 Parameters
of execution

Version: 5.03

Machine: SGI - ORIGIN 2000 - R12000

Obstruction memory:
8 megawords
Time CPU To use: 25.88 seconds
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Version
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Author (S):
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11 Modeling
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E
11.1 Characteristics of modeling
3D (HEXAZ27)

Longitudinal axis X following the trisecting one (X=Y=2)
X

GC

Limiting conditions:
B

- faces ABCD, ABFE
=0

- faces EFGH, DCGH
=0

0.1m

- face BFGC

=0

- face AEHD
Q=1Wm?2

Z

0.1m

Z

Z

X=1

Y

N3

N85

N2

N43 N165 N42

D

H

N86 N249 N88
N166 N308 N168
N4

N87

N1

N44 N167 N41

X

Y X

Y

With

E

H
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D

X

Section X = 0.
Section X = 1.
E

With

11.2 Characteristics of the grid

A number of nodes:
369
A number of meshs and types. 20 HEXA27 (and 1 QUADY9)

11.3 Functionalities
tested

Orders

AFFE_MODELE
AFFE
THERMICS

3D

DEFI_MATERIAU
THER_NL

AFFE_CHAR THER
FLUX_REP

THER_NON_LINE
TEMP_INIT
VALE

INCREMENT
LIST INST

RECU_CHAMP
INST

11.4 Remarks
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The discretization in step of timeis asfollows:

10 stepsfor [0.,5.D-2] isT =5.D-3

19 step for [5.D-2, 1.D0] isT =5.D-2

Handbook of Validation

V4.22 booklet: Non-linear transitory thermics of the linear structures
HT-66/02/00/A

Code Aster ®
Version
5.0

Titrate:

TTNL302 infinite Wall subjected to a constant flow with variable properties
Date:

20/09/02

Author (S):

C. DURAND, E. SCREW, F. LEBOUVIER Clé

V4.22.302-A Page:
13/14

12 Results of modeling E

12.1 Values
tested

| dentification Reference
Aster

Relative variation (%)
Absolute deviation (°C)

difference
tolerance
difference
tolerance
Temperaturesin °C:
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Face
X=0.m

NodeN249 T =0.1s
0.330
0.3291
-0.283%
1.%
-0.000933
0.005
T=0.3s
0.544
0.5423
-0.317%
1.%
-0.00173
0.005

T =0.5s
0.682
0.6794
-0.376%
1.%
-0.00256
0.005
T=0.7s
0.789
0.7860
-0.378%
1.%
-0.00298
0.005
T=1.0s
0.918
0.9165
-0.168%
1.%
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-0.00154
0.005

Section
X=1m

Node N308 T = 0.1s
0.00394
0.004331
9.926%
1.% 0.000391
0.005
T=0.3s
0.0706
0.07021
-0.554%
1.%
-0.000391
0.005

T =0.5s
0.160
0.1596
-0.227%
1.%
-0.000363
0.005
T=0.7s
0.247
0.2488
0.726%
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1.%
0.00179
0.005
T=1.0s
0.366
0.3766
2.886%
1.%
0.0106
0.005

12.2 Remarks

The calculated results are identical (with a margin of 107) on the nodes of the same section.

12.3 Parameters
of execution

Version: 5.03

Machine: SGI - ORIGIN 2000 - R12000

Obstruction memory:

8 megawords

Time CPU To use: 9.68 seconds

Handbook of Validation

V4.22 booklet: Non-linear transitory thermics of the linear structures
HT-66/02/00/A

Code Aster ®
Version
5.0

Titrate:

TTNL302 infinite Wall subjected to a constant flow with variable properties
Date:

20/09/02

Author (S):

C. DURAND, E. SCREW, F. LEBOUVIER Clé

filex///Z)/processivalid/p2470.htm (23 of 29)9/28/2006 4:32:41 PM



file:/l1Z|/process/valid/p2470.htm

V4.22.302-A Page:
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13 Summary of theresults

Five modelings carried out, have same cutting in the direction of propagation of
temperature, they are different only by their type of meshs.

Five modelings give results whose certain values exceed the fixed tolerance
initially (1%). The maximum change is 9.9%. It appears for the smallest value of reference
located in the middle of the wall and at the beginning of the transient.

A grid finer associate with a finer temporal discretization should improve quality of
results.

Moreover, the reference solution utilizes a function of error whose precision is unknown.
Theresults are regarded as acceptable taking into account the points evoked above.

Thistest made it possible to test hexahedral and tetrahedral meshsin non-linear thermics
transient as well as the principal following thermal orders:

- DEFI_MATERIAU associated with key word THER _NL, allowing to define the characteristics of one
material whose characteristics vary according to the temperature (conductivity and

enthalpy),

- THER _NON_LINE orders allowing the resolution of a thermal nonlinear problem

stationary or not.
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Organization (S): EDF/AMA, EDF/UTO/S S Delta CAD

Handbook of Validation
V4.22 booklet: Non-linear transitory thermics of the linear structures
V4.22.303 document

TTNL303 - Infinite wall subjected to a jump of
temperature with variable properties

Summary:
This test results from the validation independent of version 3 in nonlinear transitory thermics.
It isabout a linear problem 1D represented by four modelings, two plane and two voluminal.

Thefunctionalities tested are as follows:

- plane thermal element,

- voluminal thermal element,

- variable thermal conductivity,

- non-linear transitory thermal algorithm,

- limiting conditions: temperature imposed with jJump.
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Theinterest of the test liesin the taking into account of variable propertiesin transitory analysis and
the variation
temperatures imposed according to time.
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1
Problem of reference

1.1 Geometry

X 0O 0OX<

With
B
L =0.2m

TAD (°C)
TBC (°C)
(W/m/°C)
200°
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200°
400
100°
100°
200
TS
T(9
T (°C)
10

10
100°
200°

1.2
Properties of material

=200 + T (thermal W/m °C) conductivity
C=8X106 (J/m3°C)
voluminal heat

1.3
Boundary conditions and loadings

X=0|T=200°CO<T10S

|T=100°CT>10S
X=L

T=100°CTOS

1.4 Conditions

initial

T (X, 0) = 100°C for any X
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2
Reference solution

2.1
Method of calculation used for the reference solution

The reference solution was obtained with the computation software by finite elements
“IVOHEAT” [bib2]

guoted in thereference [bibl]. This solution is based on network made up of 20 elements
isoparametric with 4 nodes of identical size, by using a method of Crank-Nicolson modified
with an accuracy of 10-6.

2.2
Results of reference

Temperature with:

- T =10 Sfor x=0.01, 0.02, 0.04, 0.06, 0.08 and 0.1,
- T =13 Sfor x=0.01, 0.02, 0.04, 0.06, 0.08 and 0.1.

2.3 References
bibliographical

[1]

S. Orivuori, “ Efficient method for solution of nonlinear heat conduction problems’, Int. J. num.
Meth. Engng, flight 14, n°10, pp 1461-1476, 1979
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[2]

S. Orivuori, “ A finite element method applied to the solution of the transient heat conduction
problem', Licentiate Thesis, Tech. Univ., Helsinki (1977), in Finnish.
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3 Modeling
With

3.1
Characteristics of modeling

PLAN (TRIA6)

WSXO0U<
5

0.2m

Nodes

X

y

Limiting conditions:
N11

0.01

0.00

- dimensioned AB, CD
N21

0.02

0.00
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=0

N41

0.04

0.00

- dimensioned AD

| T=200°C0<T10S
N61

0.06

0.00

| T=100°CT>10S
N81

0.08

0.00

- dimensioned BC

T = 100°C

TOS

N101

0.10

0.00

3.2
Characteristics of the grid

A number of nodes:
205
A number of meshs and types. 80 TRIA6

3.3 Functionalities
tested

Orders

AFFE_MODELE
THERMICS
PLAN

ALL

DEFI_MATERIAU
THER NL

AFFE_CHAR THER F
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TEMP_IMPO

THER NON_LINE
TEMP_INIT
VALE

INCREMENT
LIST_INST

RECU_CHAMP
INST

3.4 Remarks
The discretization in step of timeis asfollows:

10 stepsfor [0.,1.D-3] isT=1.D-4

9 stepsfor [1.D-3, 1.D-2] are T = 1.D-3

9stepsfor [1.D-2, 1.D-1] are T = 1.D-2

9stepsfor [1.D-1, 1.D0] are T = 1.D-1

9 stepsfor [1.D0, 10.D0] are T =1.D0O

3 stepsfor [10.D0, 13.D0] are T = 1.D0
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Results of modeling A

4.1 Values
tested

| dentification Reference
Aster %

difference

tolerance

Temperature (°C) witht=10 S

N11 176.165
174.954
-0.687

2%

N21 153.213
151.049
-1.412

2%

N41 118.600
116.576
-1.707

2%

N61 103.715
103.195
-0.502

2%

N81 100.368
100.417
0.049

2%

N101 100.014
100.088
0.074

2%

Temperature (°C) with t=13 S
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N11 128.125
128.377
0.197

2%

N21 139.970
139.846
-0.089

2%

N41 124.719
122.209
-2.013

2%

N61 107.182
106.279
-0.842

2%

N81 101.290
101.186
-0.103

2%

N101 100.134
100.203
0.067

2%

4.2 Parameters
of execution

Version: 5.03

Machine: SGI - ORIGIN 2000 - R12000

Obstruction memory:
8 megawords
Time CPU To use: 10.26 seconds

Handbook of Validation
V4.22 booklet: Non-linear transitory thermics of the linear structures
HT-66/02/001/A

file:/l/Z|/process/valid/p2480.htm (5 of 28)9/28/2006 4:32:42 PM



file:/l1Z|/process/valid/p2480.htm

Code Aster ®
Version
5.0

Titrate:
TTNL303 infinite Wall subjected to a jump of temperature

Date:

20/09/02

Author (S):

C. DURAND, E. SCREW, F. LEBOUVIER Clé

V4.22.303-A Page:
6/12

5 Modeling
B

51
Characteristics of modeling

3D (PENTA®G)

0.02m

X

0.02m

N98

N81

Z

N63

N45

N26

N9l

0.2m

N17

N73

Limiting conditions:
N55

y

N37

-faceX =0.0

| T=200°C0<T10S
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N19

| T=100°CT>10S
N10

-face X =0.2

T =100°C

TOS

- othersfaces

=0

5.2
Characteristics of thegrid

A number of nodes:
189
A number of meshs and types. 160 PENTAG

5.3 Functionalities
tested

Orders

AFFE_MODELE
THERMICS

3D

ALL

DEFI_MATERIAU
THER_NL

AFFE_CHAR THER F
TEMP_IMPO

THER_NON_LINE
TEMP_INIT
VALE

INCREMENT
LIST_INST

RECU CHAMP
INST
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5.4 Remarks
The discretization in step of timeis asfollows:

10 stepsfor [0.,1.D-3] isT=1.D-4

9 stepsfor [1.D-3, 1.D-2] are T = 1.D-3

9stepsfor [1.D-2, 1.D-1] are T = 1.D-2

9stepsfor [1.D-1, 1.D0] are T = 1.D-1

9 stepsfor [1.D0, 10.D0] are T =1.D0

3 stepsfor [10.D0, 13.D0] are T = 1.D0
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6
Results of modeling B

6.1 Values
tested

| dentification Reference
Aster %

difference

tolerance

Temperature (°C) witht=10 S
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N10 176.165
175.087
-0.612

2%
N17176.165
174.910
-0.713

2%

N19 153.213
151.182
-1.326

2%

N26 153.213
151.020
-1431

2%

N37 118.600
116.314
-1.928

2%

N45 118.600
116.379
-1.872

2%

N55 103.715
102.759
-0.921

2%

N63 103.715
102.892
-0.793

2%

N'73 100.368
100.239
-0.129

2%

N81 100.368
100.285
-0.083

2%

N91 100.014
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100.060

0.046

2%

N98 100.014

100.066

0.052

2%

Temperature (°C) with t=13 S

N10 128.125
129.395
0.991

2%
N17128.125
128.291
0.130

2%

N19 139.970
139.819
-0.108

2%

N26 139.970
140.209
0.171

2%
N37124.719
122.986
-1.390

2%
N45124.719
122.569
-1.724

2%

N55 107.182
105.967
-1.134

2%

N63 107.182
106.050
-1.056

2%
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N73 101.290
100.945
-0.341

2%

N81 101.290
101.005
-0.282

2%

N91 100.134
100.126
-0.008

2%

N98 100.134
100.142
0.008

2%

6.2 Parameters
of execution

Version: 5.03

Machine: SGI - ORIGIN 2000 - R12000

Obstruction memory:
8 megawords
Time CPU To use: 11.30 seconds
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7 Modeling
C

7.1
Characteristics of modeling

3D (HEXAS)

Limiting conditions:
-facex=0|T=200°CO<T
0.02

10S

| T=100°CT>10S
0.02
-facex=0.2T=100°CTOS
- othersfaces=0
N321

Z

N257

X

N193

Y

X

N122

N36

N17

Sight plan X0Y

@)

N352

0.03

Y

N288

N224

N160

N112

X
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N80

origin of axis X
Nodes

X

Sight plan YOZ
N80, N17

0.01

N112, N36

0.02

Z

N160, N122 0.04
N224, N193 0.06
0.05

N288, N257 0.08
=40°

Y

N352, N321 0.10
@)

7.2
Characteristics of thegrid

A number of nodes:
588
A number of meshs and types. 360 HEXAS8

7.3 Functionalities
tested

Orders

AFFE_MODELE
THERMICS

3D

ALL

DEFI_MATERIAU
THER_NL

AFFE_CHAR THER F
TEMP_IMPO
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THER_NON_LINE
TEMP_INIT
VALE

INCREMENT
LIST INST

RECU_CHAMP
INST

7.4 Remarks
The discretization in step of timeis asfollows:

10 stepsfor [0.,1.D-3] isT=1.D-4

9 stepsfor [1.D-3, 1.D-2] are T = 1.D-3

9stepsfor [1.D-2, 1.D-1] are T = 1.D-2

9stepsfor [1.D-1, 1.D0] are T = 1.D-1

9 stepsfor [1.D0, 10.D0] are T =1.D0O

3 stepsfor [10.DO, 13.D0] are T = 1.D0
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8
Results of modeling C
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8.1 Values
tested

Relative variation %

Absolute deviation

| dentification Reference Aster difference
tolerance difference tolerance

Temperature (°C)

T=10S

N80 176.165
174.992
-0.666

2%

-1.17

3.0
N17176.165
174.992
-0.666

2%

-1.17

3.0

N112 153.213
151.092
-1.384

2%
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-2.12

3.0

N36 153.213
151.092
-1.384

2%

-2.12

3.0

N160 118.600
116.331
-1.913

2%

-2.27

3.0

N122 118.600
116.331
-1.913

2%

-2.27

3.0

N224 103.715
102.817
-0.866

2%

-0.898

3.0

N193 103.715
102.817
-0.866

2%

-0.898

3.0

N288 100.368
100.265
-0.102

2%

-0.103

3.0

N257 100.368
100.265
-0.102

2%

-0.103
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3.0

N352 100.014
100.066
0.052

2%

0.052

3.0

N321 100.014
100.066
0.052

2%

0.052

3.0

T=13S

N80 128.125
128.829
0.550

2%

0.704

3.0
N17128.125
128.829
0.550

2%

0.704

3.0

N112 139.970
139.893
-0.055

2%

-0.077

3.0

N36 139.970
139.893
-0.055

2%

-0.077

3.0
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N160 124.719
122.718
-1.605

2%

-2.00

3.0

N122 124.719
122.718
-1.605

2%

-2.00

3.0

N224 107.182
105.988
-1.114

2%

-1.19

3.0

N193 107.182
105.988
-1.114

2%

-1.19

3.0

N288 101.290
100.974
-0.312

2%

-0.316

3.0

N257 101.290
100.974
-0.312

2%

-0.316

3.0

N352 100.134
100.136
0.002

2%

0.002

3.0

N321 100.134
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100.136
0.002
2%
0.002
3.0

8.2 Parameters
of execution

Version: 5.03

Machine: SGI - ORIGIN 2000 - R12000

Obstruction memory:
8 megawords
Time CPU To use: 16.56 seconds
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9 Modeling
D

9.1
Characteristics of modeling
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PLAN (TRIA3, QUADA4)

N75
N61

D

N47

N33

B

N12 N19
N71
=50°
N57
N43

X

N29
With

N8 N15
0.1
Nodes

X

y

N8

0.01
0.00
Limiting conditions:
N15
0.02
0.00

- dimensioned AB, CD
=0

N29
0.04
0.00

- dimensioned AD | T=200°C0O0<T10S
N43
0.06
0.00
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|T=100°CT>10S

N57

0.08

0.00

- dimensioned BC T =100°C T 0 S
N71

0.10

0.00

9.2
Characteristics of thegrid

A number of nodes:
147
A number of meshs and types: 200 (40 QUAD4, 160 TRIA3)

9.3 Functionalities
tested

Orders

AFFE_MODELE
THERMICS
PLAN

ALL

DEFI_MATERIAU
THER_NL

AFFE_CHAR THER F
TEMP_IMPO

THER_NON_LINE
TEMP_INIT
VALE

INCREMENT
LIST_INST

RECU CHAMP
INST
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9.4 Remarks
The discretization in step of timeis asfollows:

10 stepsfor [0.,1.D-3] isT=1.D-4

9 stepsfor [1.D-3, 1.D-2] are T = 1.D-3

9stepsfor [1.D-2, 1.D-1] are T = 1.D-2

9stepsfor [1.D-1, 1.D0] are T = 1.D-1

9 stepsfor [1.D0, 10.D0] are T =1.D0

3 stepsfor [10.D0, 13.D0] are T = 1.D0
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10 Results of modeling D

10.1 Values
tested

Relative variation %

Absolute deviation

| dentification Reference Aster difference
tolerance difference tolerance
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Temperature (°C)

T=10S

N8 176.165
174.997
-0.663

2%

-1.17

3.0

N12 176.165
175.154
-0.574

2%

-1.01

3.0

N15 153.213
151.117
-1.368

2%

-2.10

3.0

N19 153.213
151.246
-1.284

2%

-1.97

3.0

N29 118.600
116.416
-1.842
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2%

-2.18

3.0

N33 118.600
116.246
-1.985

2%

-2.35

3.0

N43 103.715
102.884
-0.801

2%

-0.831

3.0

N47 103.715
102.664
-1.014

2%

-1.05

3.0

N57 100.368
100.283
-0.084

2%

-0.085

3.0

N61 100.368
100.208
-0.159

2%

-0.160

3.0

N71 100.014
100.067
0.053

2%

0.053

3.0
N75100.014
100.057
0.043

2%
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0.044
3.0
T=13S

N8 128.125
128.512
0.302

2%

0.387

3.0

N12 128.125
129.103
0.764

2%

0.978

3.0

N15 139.970
139.689
-0.201

2%

-0.281

3.0

N19 139.970
140.233
0.188

2%

0.263

3.0

N29 124.719
122.723
-1.601

2%

-2.00

3.0

N33 124.719
123.198
-1.220

2%

-1.52

file:/l/Z|/process/valid/p2480.htm (25 of 28)9/28/2006 4:32:42 PM



file:/l/Z|/process/valid/p2480.htm

3.0

N43 107.182
106.051
-1.055

2%

-1.13

3.0

N47 107.182
105.887
-1.209

2%

-1.30

3.0

N57 101.290
101.004
-0.282

2%

-0.286

3.0

N61 101.290
100.902
-0.383

2%

-0.388

3.0
N71100.134
100.143
0.009

2%

0.009

3.0
N75100.134
100.116
-0.018

2% 0.018 3.0

10.2 Parameters
of execution

Version: 5.03
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Machine: SGI - ORIGIN 2000 - R12000

Obstruction memory:

8 megawords

Time CPU To use: 11.06 seconds

Handbook of Validation

V4.22 booklet: Non-linear transitory thermics of the linear structures
HT-66/02/001/A
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5.0

Titrate:
TTNL303 infinite Wall subjected to a jump of temperature

Date:

20/09/02

Author (S):

C. DURAND, E. SCREW, F. LEBOUVIER Clé

V4.22.303-A Page:
12/12

11 Summary of the results

A modeling among four modelings carried out give results of which a value
exceed little the tolerance fixed initially (2%). The maximum change is of:

- 2.013% for modeling PLAN (TRIAG),

- 1.928% for modeling 3D (PENTASG),

- 1.913% for modeling 3D (HEXAS),

- 1.985% for modeling PLAN (TRIA3, QUADA4).

It is noted that this variation is whatever the modeling close to 2%, all modelings
carried out, have same cutting in the direction of propagation of the temperature.

Theresults obtained are regarded as acceptable for the whole of modelings

Thistest made it possible to test the taking into account of a variable thermal conductivity with a
condition
limit varying in the course of time.
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Code Aster ®
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4.0

Titrate:

TTLP100 Exchange-wall in transitory thermics

Date:

28/01/98

Author (S):

. VAUTIER

Key:

V4.23.100-A Page:

1/6

Organization (S): EDF/IMA/MMN

Handbook of Validation

V4.23 booklet: Transitory thermics of the plane systems

Document: V4.23.100

TTLP100 - Exchange-wall in transitory thermics

Summary

One calculates the linear transitory response thermal or not linear of two plates separated by a play in
which is carried out a transfer of heat. The problemis 2D but the boundary conditions make that
temperature depends only on the X-coordinate and time. The stationary state is quickly reached, whichis
calculable analytically.

The test makes it possible to check the good taking into account of the terms related to the heat transfer
between 2 walls.

Handbook of Validation

V4.23 booklet: Transitory thermics of the plane systems

HI-75/96/029 - Ind A
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Titrate:
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1

Problem of reference
1.1 Geometry

y

1

0

X
11=12=0.495m
0

0.495 0.505

1

L=1m

L

L

1

2

1.2

Material properties
=40 Wm°C

O with

0C
CP=
73
.104
3
Jm° C

or
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220103
3

Jim
with

300C

To deal with the same problem in nonlinear thermics, one defines a enthal py refines of which
slope is equal to the specific heat CP.

1.3

Boundary conditions and loadings

T(X=0)=100°C=To

T(X=L)=300°C=TL

Heat transfer enters the wallslocated in X = 0.495 and X = 0.505, with a coefficient of exchange
from 80 W/m2 °C.

1.4 Conditions

initial

T(T=0)=

To in the plate of left

TL inthe plate of right-hand side

Handbook of Validation

V4.23 booklet: Transitory thermics of the plane systems

HI-75/96/029 - Ind A

Code Aster ®

Version
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Titrate:
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Author (S):

. VAUTIER
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2

Refer ence solution

2.1

Method of calculation used for thereference solution

The stationary analytical solution is obtained by solving anull Laplacian on each of both
plates of theform T (X) = ax + B, the 4 coefficients (2 per plate) are obtained by clarifying them
boundary conditions:
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(hTL - To)
From where:
0. X 0495

:T=To+
X

+ (
HL+

1

2

L)
(hTL - To)
0 505

X1:T=TL-
L-X

+(

HL+

1

2

L) (

)
2.2

Results of reference

Temperatureson theliney =0

2.3

Uncertainty on the solution

Analytical solution.

Handbook of Validation

V4.23 booklet: Transitory thermics of the plane systems
HI-75/96/029 - Ind A

Code Aster ®
Version

4.0

Titrate:

TTLP100 Exchange-wall in transitory thermics
Date:

28/01/98

Author (S):

. VAUTIER

Key:

V4.23.100-A Page:

file:/l1Z|/process/valid/p2490.htm (3 of 15)9/28/2006 4:32:43 PM



file:/l/Z|/process/valid/p2490.htm

4/6

3 Modeling

With

3.1

Characteristics of modeling
N24

N4

N46

N124

N104 N146

N2

N6

N102

N106

N12

N34

N56

N112

N34

N156

N1

N5

N101

N105

N13

N3

N35

N113 N103 N135

The grid is carried out with elements of the type QUADS.
Calculation ismade in linear thermics, with = 0.57.
One takes 50 steps of timesfrom 0to 5102 S. theresults are examined in T =5 102 S.
3.2

Characteristics of thegrid
4 QUADS, 4 SEG3, 26 nodes
3.3 Functionalities

tested

Order

Keys

AFFE_CHAR THER
ECHANGE_PAROQOI
[U4.25.02]
THER_LINEAIRE
PARM_THETA
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[U4.33.01]

4

Results of modeling A

4.1 Values

tested

| dentification

Reference

Aster

% difference

TEMP N3 node
133.557026

133.557047

+1.6 105

TEMP N5 node
166.442953

166.442907

2.8 105

TEMP N101 node
233.557047

233.557093

+2. 105

TEMP N103 node
266.442953

266.442973

+7.5 106

4.2 Remarks

The Aster solution reached the stationary state starting from T = 4.7 102 S.
4.3 Parameters

of execution

Version: 3.6.0

Machine: CRAY C90
Obstruction memory: SMW
Time CPU To use: 14 seconds
Handbook of Validation
V4.23 booklet: Transitory thermics of the plane systems
HI-75/96/029 - Ind A

Code Aster ®

Version

4.0

Titrate:

TTLP100 Exchange-wall in transitory thermics
Date:
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28/01/98

Author (S):

. VAUTIER

Key:

V4.23.100-A Page:

5/6

5Modeling

B

5.1

Characteristics of modeling
Cdlculation is made in nonlinear thermics, with = 0.57.
One makes 1 step of timesfrom 0 to 109 S and 300 steps of times of 109 Swith 1.5105 S.
Theresultsareexaminedin T=1.5105S.
5.2

Characteristics of thegrid
4 QUADS, 4 SEG3, 26 nodes
5.3 Functionalities

tested

Order

Keys

AFFE CHAR THER
ECHANGE_PAROI
[U4.25.02]

THER _NON_LINE
PARM_THETA

[U4.33.02]

6

Results of modeling B

6.1 Values

tested

| dentification

Reference

Aster

% difference

TEMP N3 node

133.557026

133.500054

0.043

TEMP N5 node

166.442953

166.399598

0.026

TEMP N101 node
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233.557047

233.619046

0.027

TEMP N103 node

266.442953

266.513231

0.026

6.2 Remarks

The precision required on the resultsis only 103 (instead of 106 into linear) because one does not have
still, with T =1.5105 S, rigorously reached the stationary state.
6.3 Parameters

of execution

Version: 3.6.0

Machine: CRAY C90

Obstruction memory: 50 MW

Time CPU To use: 1700 seconds
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7

Summaries of theresults

The enormous difference in computing time between THER LINEAIRE and THER _NON_LINE is
explained in

part by the fact that one had to much more finely discretize the steps of time into nonlinear (3000
between 0 and 1.5 105 Sinstead of 50 between 0 and 5. 102 S) to ensure the convergence of
THER _NON_LINE.

In addition, the algorithm of Lagrangian increased used in THER_NON_LINE is much more
expensive that the smple one - method used in THER _LINEAIRE.

A request for improvement of the performances was deposited.

Handbook of Validation
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Handbook of Validation
V4.23 booklet: Transitory thermics of the plane systems
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TTLP300 - Thermal transfer in a bar
metal orthotropic
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Summary:
Thistest results from the validation independent of version 3 in linear transitory thermics.
It is about a problem plane 2D represented by only one modeling (plane).

The functionalities tested are as follows:
- plane thermal element,

- orthotropic material,

- transitory algorithm of thermics,

- limiting condition: convection.

The interest of the test liesin the taking into account of an orthotropic material.
The results are compared with a solution based on a graphic estimate.
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1
Problem of reference

1.1 Geometry

y
has

has
=50.8 X 10-3m have
B =25.4 X 10-3m
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WEXWOO
5

(0) =
B

Xy, C
H Tf

1.2
Properties of material

X = 34.614 W/m °C thermal conductivity along axis X
y =6.237 W/m °C

thermal conductivity along the axisy

CP =37.719 J/kg. °C

specific heat

= 6407.38
kg/m3 mass
voluminal

1.3
Boundary conditions and loadings

Convection:

-H =1362.71 W/m2 °C,
- Tf = 37.78 °C.

1.4 Conditions

initial

T(X,y, T=0)=260°C

Handbook of Validation
V4.23 booklet: Transitory thermics of the plane systems
HT-66/02/001/A
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Version
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C. DURAND, E. SCREW, F. LEBOUVIER Clé
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2
Reference solution

2.1
Method of calculation used for the reference solution

The original reference solution given in the book [bibl] is based on a graphic estimate.
Thisreferenceis quoted in the handbook of checking of ANSYS [bib2]

2.2
Results of reference

Temperature at points A B CD at themoment T = 3s

2.3
Uncertainty on the solution

Unknown factor, it was not possible to get the original reference (delivers old, more published).

2.4 References
bibliographical

[1]

Schneider, P.J., “Conduction Heat Transfer”, Addison-Wesley Publishing Co., Inc. Reading,
Mass., 2nd Printing, 1957.

[2]

ANSYS: “ Checking manual”, 1st edition, June 1, 1976
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3 Modeling
With

3.1
Characteristics of modeling

PLAN (QUADS)

Y

N82

C

Limiting conditions:

- dimensioned AB and DA: =0
- dimensioned BC and CD: Text = 37.78 °C
H =1362.71w/mz2°C

N113

D

B

y

N1

X

=30°

X

ANZ26
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3.2
Characteristics of thegrid

A number of nodes:
113
A number of meshs and types. 30 QUADS8

3.3 Functionalities

tested

Orders

AFFE_MODELE
THERMICS
PLAN

ALL

DEFI_MATERIAU
THER_ORTH

AFFE_CARA_ELEM
SOLID MASS

AFFE_CHAR THER F
EXCHANGE

THER_LINEAIRE
TEMP_INIT
VALE

EXCIT
CARA_ELEM

RECU_CHAMP
INST

3.4 Remarks

The discretization in step of timeisasfollows:
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10 stepsfor [0., 1.D-4] isT =1.D-5

9 stepsfor [1.D-4, 1.D-3] are T = 1.D-4

9 stepsfor [1.D-3, 1.D-2] are T = 1.D-3

9stepsfor [1.D-2, 1.D-1] are T = 1.D-2

9stepsfor [1.D-1, 1.D0] are T = 1.D-1

20 stepsfor [1.D+0, 3.D0] are T = 1.D-1
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4
Results of modeling A

4.1 Values
tested

| dentification Reference
Aster

% difference

Tolerance

moment T=3S
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Points T (°C)

With (N26)
237.50
238.95
0.611
5%

B (N113)
137.22
140.71
2.541
5%

C (N82)
65.98
66.19
0.318
5%

D (N1)
94.44
93.30
-1.206
5%

4.2 Parameters
of execution

Version: 5.03

Machine: SGI - ORIGIN 2000 - R12000

Obstruction memory:

8 megawords

Time CPU To use: 4.70 seconds

Handbook of Validation
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Version
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Thermal TTLP300 Transfer in an orthotropic metal bar
Date:

20/09/02

Author (S):

C. DURAND, E. SCREW, F. LEBOUVIER Clé

V4.23.300-A Page:
6/6

5
Summary of theresults

The results obtained are satisfactory, the maximum change is of 2.5% lower than the fixed tolerance
initially (5%) (the reference solution is obtained graphically).

Thistest made it possible to test in linear transient, modeling PLAN, the orders:

- DEFI_MATERIAU associated with key word THER_ORTH, allowing to define the characteristics
of an orthotropic material,

- AFFE_CARA _ELEM associated with the MASS VE key word, allowing to define the axes of
orthotropism.
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Organization (S): EDF/AMA, EDF/UTO/S S Delta CAD

Handbook of Validation
V4.23 booklet: Transitory thermics of the plane systems
V4.23.301 document

TTLP301 - Transfer of heat in a plate
perforated

Summary:

Thistest, industrialist, result from the validation independent of version 3in linear transitory
thermics.

It isabout a problem plane 2D represented by two modelings, one planes, the other voluminal one.

Thefunctionalities tested are as follows:

- plane thermal element,

-voluminal thermal element,

- transitory algorithm of thermics,

- boundary conditions of exchange and flow.

Handbook of Validation
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1
Problem of reference

1.1 Geometry

@127
Coolant
D

E

@ 15.87
C

@ 18.79
Graphite
With

B

Fuel

1.2
Properties of material

0.1 W/cm °C
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Thermal conductivity
CP=1.0J/cm3°C
Voluminal heat

1.3
Boundary conditions and loadings

- [ED] Convection coefficient H = 1 W/cm2 °C Text = 0°C,
- [AC] Density flux Q = 1 W/cm2,
-[AB], [BE], [CD.] = 0.

1.4 Conditions
initial
T(T=0=0

Handbook of Validation
V4.23 booklet: Transitory thermics of the plane systems
HT-66/02/001/A
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Titrate:
TTLP301 Transfer of heat in a perforated plate

Date:
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Author (S):
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V4.23.301-A Page:
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2
Reference solution

2.1
Method of calculation used for the reference solution

Thereference solution isa numerical solution obtained by the finite element method. This

file:/l1Z|/process/valid/p2500.htm (4 of 16)9/28/2006 4:32:43 PM



file:/l1Z|/process/valid/p2500.htm

solution is based on a linear triangular network presented below. Calculations were
carried out by considering an increment of timeT =0.01 S.

2.2
Results of reference

Temperature at the point C for t=0.1, 0.2,...,0.9,1.0,1.1,1.2S

2.3 References
bibliographical

[1]
J. Donea, “ One the accuracy of finite element solutions to the transient heat-conduction
equation ", Int. J. num. Meth. Engng, flight 8, n°1, pp 103-110, 1974
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Date:
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Author (S):
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3 Modeling
With

3.1
Characteristics of modeling

PLAN (TRIA6)
Limiting conditions:

file:/l/Z|/process/valid/p2500.htm (5 of 16)9/28/2006 4:32:43 PM



file:/l/Z|/process/valid/p2500.htm

- dimensioned AC
Q

=1W/cm?2

- dimensioned ED
H

=1W/cmz2°C
Text=0°C

- dimensioned AB, BE, cd.
=0

y

D

E

N1

C

With

B

X

3.2
Characteristics of thegrid

A number of nodes:
718
A number of meshs and types. TRIAG6: 335 (SEG3: 22)

33
Functionalities tested

Orders

AFFE_MODELE
THERMICS
PLAN

ALL

AFFE_CHAR THER
FLUX_REP

EXCHANGE

THER_LINEAIRE
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TEMP_INIT
VALE

INCREMENT
LIST_INST

RECU CHAMP
INST

3.4 Remarks
Limiting condition, Flow = 0. , not modelled (implicit).
The discretization in step of timeis asfollows:

10 stepsfor [0.,0.2D+Q] isT = 2.D-2

10 stepsfor [0.2D+0, 1.2D+1] are T = 1.D-1
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4
Results of modeling A

4.1 Values
tested

| dentification Reference
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Aster

% difference
Tolerance
Node Time (S)
T(°C)

T (°C)

nl0.1
1.045
1.0664
2.05%
2%

" 0.2
1.447
1.4515
0.31%
2%

" 0.3
1.742
1.7480
0.35%
2%
"04
1.982
1.9847
0.14%
2%

" 05
2.189
2.1929
0.18%
2%

" 0.6
2.373
2.3757
0.11%
2%

" 0.7
2.541
2.5451
0.16%
2%
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" 0.8
2.698
2.7010
0.11%
2%

" 09
2.846
2.8491
0.11%
2%
1.0
2.986
2.9889
0.10%
2%

" 11
3.120
3.1232
0.10%
2%

" 1.2
3.248
3.2517
0.11%
2%

4.2 Parameters
of execution

Version: 5.03

Machine: SGI - ORIGIN 2000 - R12000

Obstruction memory:

8 megawords

Time CPU To use: 3.89 seconds
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5.0

Titrate:
TTLP301 Transfer of heat in a perforated plate

Date:

20/09/02

Author (S):

C. DURAND, E. SCREW, F. LEBOUVIER Clé

V4.23.301-A Page:
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5 Modeling
B

51
Characteristics of modeling

3D (PENTA15)

Limiting conditions:
- dimensioned AC
Q

=1W/cm?2

- dimensioned ED
H

=1W/cmz2°C

Text =0°C

- dimensioned AB, BE, cd. =0
y

D

nl

E

C

nl

n719

no9ll

n1629

n1821

With
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52
Characteristics of thegrid

A number of nodes:
2538
A number of meshs and types: PENTA15: 670 (QUADS: 44)

5.3 Functionalities

tested

Orders

AFFE_MODELE
THERMICS

3D

ALL

AFFE_CHAR THER
FLUX_REP

EXCHANGE

THER_LINEAIRE
TEMP_INIT
VALE

INCREMENT
LIST INST

RECU_CHAMP

INST

5.4 Remarks

Condition limits = 0. implicit: not modelled.
The discretization in step of time is as follows:

10 stepsfor [0.,0.2D+0] isT = 2.D-2

file:///Z|/process/ivalid/p2500.htm (11 of 16)9/28/2006 4:32:43 PM
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10 stepsfor [0.2D+0, 1.2D+1] are T = 1.D-1
Handbook of Validation

V4.23 booklet: Transitory thermics of the plane systems
HT-66/02/001/A

Code Aster ®
Version
5.0

Titrate:
TTLP301 Transfer of heat in a perforated plate

Date:

20/09/02

Author (S):

C. DURAND, E. SCREW, F. LEBOUVIER Clé

V4.23.301-A Page:
7/8

6
Results of modeling B

6.1 Values
tested

| dentification Reference
Aster

% difference

Tolerance

Node Time (S

T(°C)

T(°C)

nl0.1
1.045
1.0665
2.05%
2%
"0.2
1.447
1.4514
0.30%
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2%

" 0.3
1.742
1.7480
0.35%
2%
04
1.982
1.9847
0.14%
2%

" 0.5
2.189
2.1929
0.18%
2%

" 0.6
2.373
2.3757
0.11%
2%

" 0.7
2.541
2.5451
0.16%
2%

" 0.8
2.698
2.7010
0.11%
2%

" 0.9
2.846
2.8491
0.11%
2%
"1.0
2.986
2.9889
0.10%
2%
1.1
3.120
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3.1232
0.10%
2%
"1.2
3.248
3.2517
0.11%
2%

6.2 Remarks

Difference between the values with the nodes n1, n719, n911, n1629, n1821 about 1.e-8.

6.3 Parameters
of execution

Version: 5.03

Machine: SGI - ORIGIN 2000 - R12000

Obstruction memory:

8 megawords

Time CPU To use: 7.74 seconds
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7
Summary of the results

Two modelings give results whose only one value exceeds the fixed tolerance

initially. The maximum changeis equal to 2.05%, and is thus not very higher than the fixed tolerance
(2%). it

Islocated on the smallest value of temperature and for the weakest moment the T (starting of
problem).

Two modelings, PLAN (TRIA6) and 3D (PENTAL5) gives the sameresults, which is
normal sincethe grid and the degree of interpolation are identical.

A finer grid in the zone of the N1 node should improve quality of the resultswhich are
regarded as acceptable taking into account modelings carried out.
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Handbook of Validation
V4.23 booklet: Transitory thermics of the plane systems
V4.23.302 document

TTLP302 - Thermal transfer in afield
Plan with geometrical singularity

Summary:
This test results from the validation independent of version 3 in linear transitory thermics.
It isabout a problem plane 2D represented by two modelings, one planes, the other voluminal one.

Thefunctionalities tested are as follows:

- plane thermal element,

-voluminal thermal element,

- transitory algorithm of thermics,

- geometrical singularity,

- [imiting conditions: imposed temperature.

Theinterest of the test, in addition to the fact that it isan industrial case, liesin the taking into
account of a singularity
geometrical in transitory thermal analysis.
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1
Problem of reference

1.1 Geometry

1.2
Properties of material
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1. W/m°C

Thermal conductivity
CP=1.J/m3°C
Voluminal heat

1.3
Boundary conditions and loadings

- [AJ] imposed temperature T = 1000°C,
- [FG] imposed temperature T = 0°C,
- otherswith dimensions = 0.

1.4 Conditions
initial

X

T (X, y)
O=erfc(

) for T =0.0005 S
2T
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2
Reference solution

2.1
Method of calculation used for the reference solution

Thereference solution isa numerical solution obtained by the finite element method [bib2]
guoted in thereference [bibl]. This solution is based on a network of 168 square elements of
0.05m of dimensioned, with 200 steps of time (T = 0.0005 S).

2.2
Results of reference

Temperature at thepointsB CD E H and | at themoment T =0.1s

2.3
Uncertainty on the solution

Unknown factor.

2.4 References
bibliographical

[1]

J.C. Bruch Jr., G. Zyroloski, "Transient two-dimensional heat conduction problems solved by
the finite element method', Int. J. num. Meth. Engng, flight 8, n°3, pp 481-494, 1974.

[2]

G.E. Bdll, “A method for treating boundary singularities in time-dependent problems’ TR/S,
Dept. of Math., Brunel Univ. Uxbridge, Middlesex, 19 pp., 1972.
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3 Modeling
With

3.1
Characteristics of modeling

PLAN (QUAD4)

OI "«

Limiting conditions:

N42

N64

- dimensioned AJ: T = 1000°C
- dimensioned FG: T =0°C
- dimensioned AB, BC, CD,
OF, EF,GJ=0

N39

N61

C

D

N37

N59

X

With

B

E

F

3.2
Characteristics of the grid

A number of nodes:
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82
A number of meshs and types: 60 QUAD4

3.3 Functionalities
tested

Orders

AFFE_MODELE
THERMICS
PLAN

ALL

AFFE_CHAR THER F
TEMP_IMPO

AFFE_CHAM_NO
SIZE
“TEMP_R’

THER_LINEAIRE
AFFE
NODE

TEMP_INIT
CHAM_NO

RECU CHAMP
LIST INST

INST

3.4 Remarks
The discretization in step of timeisasfollows:

10 stepsfor [0.,1.D-4] isT =1.D-5
9stepsfor [1.D-4, 1.D-3) are T = 1.D-4
9 stepsfor [1.D-3, 1.D-2] areT= 1.D-3
9 stepsfor [1.D-2, 1.D-1] areT= 1.D-2
Handbook of Validation
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4
Results of modeling A

4.1 Values
tested

| dentification Reference
Aster

% difference

Tolerance

Temperature (°C)

T=01S

Points
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B (N37)
787.
785.35
-0.210
2%

C (N39)
634.
631.74
-0.357
2%

D (N61)
86.
85.40
-0.696
2%

E (N59)
28.
27.80
-0.730
2%

H (N64)
119.
118.84
-0.136
2%

| (N42) 538,
536.97
-0.192
2%

4.2 Parameters
of execution

Version: 5.03

Machine: SGI - ORIGIN 2000 - R12000

Obstruction memory:

8 megawords

Time CPU To use: 3.28 seconds
Handbook of Validation
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5
Summary of the results

Modeling carried out (PLANE with meshs QUADA4) gives satisfactory results. The variation
maximum is -0.73%, and it is located on the smallest value of reference.

The taking into account of the initial condition of type erfc (X (2t) was carried out correctly. It has
need the use of order AFFE_CHAM _NO allowing to define a field of temperature
initial of each node of the model.
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Organization (S): EDF/IMA/IMMN, Delta CAD
Handbook of Validation

V4.23 booklet: Transitory thermics of the plane systems
Document: V4.23.303

TTLP303 - Transfer of heat in a plate

orthotropic: imposed temperatures

Summary:

This test results from the validation independent of version 3 in thermics.
Analyze:

Linear transitory thermics

Problem:

plane 2D

Functionalities tested:

- thermal element hull

- plane thermal element

- orthotropic material

- transitory algorithm of thermics

- limiting conditions: imposed temperatures

Interest of the test:

- orthotropic material

- analytical solution

A number of modelings:

- 1 modeling hull

- 1 plane modeling
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1

Problem of reference

1.1 Geometry
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y
D

C

To(X,y,0) =-1.111°C
Ly=6m

X

With

B

Lx=3m

1.2

Properties of material

1.319W/m*°C
thermal conductivity along axis X
X

0.659 W/m°C

thermal conductivity along the axisy
y

C

1899.1 J/m3 °C

voluminal heat

1.3

Boundary conditions and loadings
Contour ABCD: T = -17.778°C

1.4 Conditions

initial

To(T=0)=-1111°C
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V4.23.303-A Page:

3/10

2

Reference solution

2.1

Method of calculation used for the reference solution

N

NnXx
jy
N2 2

TXy T )=
With

sin
sin
exp

N

TIC

pd

N

I
(NI

r—r< &zrr 1

X
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X
y

N < =z

-1-1-1-1-3.

+
N
([)10)]
T
T

9

9

Temperaturein °C with T = 4320s
3.0

-17.7778 -17.5742 -17.3905
-17.2448

-17.1515

-17.1189

2.7

-17.7778 -17.5764 -17.3948
-17.2507

-17.1581
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-17.1262

24

-17.7778 -17.5832 -17.4077
-17.2684

-17.1790

-17.1482

2.1

-17.7778 -17.9945 -17.4291
-17.2979

-17.2137

-17.1847

18

-17.7778 -17.6102 -17.4590
-17.3391

-17.2620

-17.2355

15

-17.7778 -17.6302 -17.4970
-17.3914

-17.3235

-17.3002

12

-17.7778 -17.6542 -17.5426
-17.4541

-17.3973

-17.3777

0.9

-17.7778 -17.6816 -17.5949
-17.5261

-17.4819

-17.4667

0.6

-17.7778 -17.7120 -17.6526
-17.6056

-17.5753

-17.5649

0.3

-17.7778 -17.7444 -17.7142
-17.6903

-17.6749

-17.6696

0.0
-17.7778-17.7778-17.7778
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-17.7778

-17.7778

-17.7778

YG

XA

0.0

0.3

0.6

0.9

1.2

1.5

The values of reference are obtained with N = J = 1000
2.2

Results of reference

T = 4.320s (1.2hr): temperature at the following points:
-inX=0.6: fory= 0.6, 1.5, 2.4, 3.0

-inX=1.5: fory= 0.6, 1.5, 2.4, 3.0

2.3

Uncertainty on the solution

Analytical solution.

2.4 References

bibliographical

[1]

J.C. Bruch Jr., G. Zyroloski, "Transient two-dimensional heat conduction problems solved by
the finite element method', Int. J. num. Meth. Engng, flight 8, n°3, pp 481-494, 1974.
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3.1

Characteristics of modeling
HULL (TRIAG)

y

15m

G

F

Limiting conditions

- dimensioned EF, FG: = 0
- dimensioned AE, AG: T =-17.778°C
Cutting:

- 5elementsin X

y

- 10 elementsiny

3.0m

X

With

E

3.2

Characteristics of the grid
A number of nodes:

231

A number of meshs and types: 100 TRIA6
3.3 Functionalities

tested

Orders

Keys

AFFE_MODELE
THERMICS

HULL

ALL

[U4.22.01]
DEFI_MATERIAU

THER ORTH

[U4.23.01]

AFFE_CARA ELEM
HULL

[U4.24.01]
AFFE_CHAR THER F
TEMP_IMPO

[U4.25.02]

THER LINEAIRE
TEMP_INIT
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VALE

[U4.33.01]

CARA ELEM

LIST_INST

RECU_CHAMP

INST

[U4.62.01]
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4

Results of modeling A
4.1 Values

tested

Relative variation %
Absolute deviation

| dentification
Reference

Aster

difference

tolerance

difference

tolerance
Temperaturein °C
X=0.6

T (y= 0.6)

-17.6526

1%

0.05

T(y= 15)
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-17.4970

1%

0.05

T(y=24)

-17.4077

1%

0.05

T(y=3.0)

-17.3905

1%

0.05

X=15

T (y= 0.6)

-17.5649

1%

0.05

T(y=15)

-17.3002

1%

0.05

T(y=24)

-17.1482

1%

0.06

T(y=3.0)

-17.1189

1%

0.05

4.2 Parameters

of execution

Version: 3.06
Machine: CRAY C90
System: 8.04 UNICOS
Obstruction memory:
megawords

Time CPU To use: seconds
Handbook of Validation
V4.23 booklet: Transitory thermics of the plane systems
HI-75/98/040 - Ind A
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Code Aster ®

Version

4.0

Titrate:

TTLP303 Transfer of heat in an orthotropic plate
Date: 01/12/98

Author (S)

E. SCREWS, F. LEBOUVIER
Key:

V4.23.303-A Page:

6/10

5Modeling

B

5.1

Characteristics of modeling
HULL (TRIA3)

y

15m

G

F

Limiting conditions

- dimensioned EF, FG: =0

- dimensioned AE, AG: T =-17.778°C
Cutting:

- 5elementsin X

y

- 10 elementsiny

3.0m

X

With

E

5.2

Characteristics of thegrid
A number of nodes:

66

A number of meshs and types. 100 TRIA3
5.3 Functionalities

tested

Orders

Keys

AFFE_MODELE
THERMICS

file:/l/Z|/process/valid/p2520.htm (1 of 20)9/28/2006 4:32:44 PM



file:/l1Z|/process/valid/p2520.htm

HULL

ALL

[U4.22.01]
DEFI_MATERIAU
THER_ORTH
[U4.23.01]
AFFE_CARA_ELEM
HULL

[U4.24.01]

AFFE_CHAR THER F
TEMP_IMPO
[U4.25.02]
THER_LINEAIRE
TEMP_INIT

VALE

[U4.33.01]
CARA_ELEM
LIST_INST
RECU_CHAMP

INST

[U4.62.01]

Handbook of Validation
V4.23 booklet: Transitory thermics of the plane systems
HI-75/98/040 - Ind A

Code Aster ®

Version

4.0

Titrate:

TTLP303 Transfer of heat in an orthotropic plate
Date: 01/12/98

Author (S)

E. SCREWS, F. LEBOUVIER
Key:

V4.23.303-A Page:

7/10

6

Results of modeling B

6.1 Values

tested

Relative variation %
Absolute deviation
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| dentification
Reference
Aster
difference
tolerance
difference
tolerance
Temperaturein °C
X =0.6

T (y =0.6)
-17.6526
1%

0.05
T(y=15)
-17.4970
1%

0.05
T(y=24)
-17.4077
1%

0.05

T (y=3.0)
-17.3905
1%

0.05
X=15

T (y =0.6)
-17.5649
1%

0.05
T(y=15)
-17.3002
1%

0.05
T(y=24)
-17.1482
1%

0.06

T (y=3.0)
-17.1189
1%

0.05

6.2 Parameters
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of execution

Version: 3.06

Machine: CRAY C90

System: 8.04 UNICOS

Obstruction memory:

megawords

Time CPU To use: seconds

Handbook of Validation

V4.23 booklet: Transitory thermics of the plane systems
HI-75/98/040 - Ind A

Code Aster ®

Version

4.0

Titrate:

TTLP303 Transfer of heat in an orthotropic plate
Date: 01/12/98

Author (S)

E. SCREWS, F. LEBOUVIER
Key:

V4.23.303-A Page:

8/10

7 Modeling

C

7.1

Characteristics of modeling
PLAN (QUAD9)

y

G

Limiting conditions

15m

- dimensioned EF, FG: =0

- dimensioned AE, AG: T =-17.778°C
F

N225

N231

N181

N187

Y

3m

N115

N121
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N49

X

N55

With

=15°

0.5

X

E

7.2

Characteristics of thegrid
A number of nodes:
231

A number of meshs and types. 50 QUAD9
7.3 Functionalities
tested

Orders

Keys
AFFE_MODELE
THERMICS

PLAN

ALL

[U4.22.01]
DEFI_MATERIAU
THER_ORTH
[U4.23.01]
AFFE_CHAR THER F
TEMP_IMPO
[U4.25.02]
AFFE_CARA_ELEM
SOLID MASS
ANGL_REP
[U4.24.01]
THER_LINEAIRE
TEMP_INIT

VALE

[U4.33.01]
CARA_ELEM
LIST_INST
RECU_CHAMP
INST

[U4.62.01]

7.4 Remarks

The discretization in step of timeis asfollows:
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240 stepsfor [0. , 4320.D0Q] is T = 18.D0

Handbook of Validation

V4.23 booklet: Transitory thermics of the plane systems
HI-75/98/040 - Ind A

Code Aster ®

Version

4.0

Titrate:

TTLP303 Transfer of heat in an orthotropic plate
Date: 01/12/98

Author (S)

E. SCREWS, F. LEBOUVIER
Key:

V4.23.303-A Page:
9/10

8

Results of modeling C
8.1 Values

tested

Relative variation %
Absolute deviation

| dentification
Reference

Aster

difference

tolerance

difference

tolerance
Temperaturein °C

X =06

N49 (y = 0.6)
-17.6526

-17.6515

-0.006

1%

0.001

0.05

N115 (y =1.5)
-17.4970

-17.4942

-0.016
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1%

0.003
0.05

N181 (y = 2.4)
-17.4077
-17.4040
-0.021

1%

0.004
0.05

N225 (y = 3.0)
-17.3905
-17.3867
-0.022

1%

0.004
0.05
X=15

T (y =0.6)
-17.5649
-17.5627
-0.012

1%

0.002
0.05
T(y=15)
-17.3002
-17.2952
-0.029

1%

0.005
0.05
T(y=24)
-17.1482
-17.1418
-0.037

1%

0.006
0.06

T (y=3.0)
-17.1189
-17.1123
-0.039
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1%

0.007

0.05

8.2 Parameters

of execution

Version: 4.02

Machine: CRAY C90

System: 8.04 UNICOS
Obstruction memory:

8 megawords

Time CPU To use: 20.6 seconds
Handbook of Validation

V4.23 booklet: Transitory thermics of the plane systems
HI-75/98/040 - Ind A

Code Aster ®

Version

4.0

Titrate:

TTLP303 Transfer of heat in an orthotropic plate
Date: 01/12/98

Author (S)

E. SCREWS, F. LEBOUVIER

Key:

V4.23.303-A Page:

10/10

9

Summary of theresults

Two modelings HUL L give results very far away from the reference solution, two
anomalies software were emitted under numbers Al 96-144 et al. 96-178.
Modeling PLAN, carried out with meshs QUADY, gives satisfactory results, the variation
maximum obtained is 0.039%.

Handbook of Validation

V4.23 booklet: Transitory thermics of the plane systems

HI-75/98/040 - Ind A

Code Aster ®
Version
5.0

Titrate:
TTLP304 Transfer of heat in an orthotropic plate: imposed flows
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Date:

20/09/02

Author (S):

C. DURAND, E. SCREW, F. LEBOUVIER Clé

V4.23.304-A Page:
1/6

Organization (S): EDF/AMA, EDF/UTO/S S Delta CAD

Handbook of Validation
V4.23 booklet: Transitory thermics of the plane systems
V4.23.304 document

TTLP304 - Transfer of heat in a plate
orthotropic: imposed flows

Summary:
This test results from the validation independent of version 3 in linear transitory thermics.
It isabout a problem plane 2D represented by a modeling (plane).

Thefunctionalities tested are as follows:
- plane thermal element,
- orthotropic material,

file:/l/Z|/process/valid/p2520.htm (9 of 20)9/28/2006 4:32:44 PM
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- transitory algorithm of thermics,
- limiting conditions: imposed flow.

Theinterest of the test liesin the taking into account of an orthotropic material.
Theresults are compared with an analytical solution.
Handbook of Validation

V4.23 booklet: Transitory thermics of the plane systems
HT-66/02/001/A

Code Aster ®
Version
5.0

Titrate:

TTLP304 Transfer of heat in an orthotropic plate: imposed flows
Date:

20/09/02

Author (S):

C. DURAND, E. SCREW, F. LEBOUVIER Clé

V4.23.304-A Page:
2/6

1
Problem of reference

1.1 Geometry

<

Xx=27m

54m
X,y,0) =-1.111°C

><O‘ﬁ 00

@<
5
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1.2
Properties of material

X =2.638 W/m °C thermal conductivity along axis X

y = 0.633 W/m °C thermal conductivity along the axisy
C 1899.1

Voluminal J/m3 °C heat

1.3
Boundary conditions and loadings

Contour [AB], [BC], [CD]: T =-17.778°C

Side[AD]: =0
1.4 Conditions
initial

T(T=0)=-1111°C

Handbook of Validation
V4.23 booklet: Transitory thermics of the plane systems
HT-66/02/001/A

Code Aster ®
Version
5.0

Titrate:

TTLP304 Transfer of heat in an orthotropic plate: imposed flows
Date:

20/09/02

Author (S):

C. DURAND, E. SCREW, F. LEBOUVIER Clé

V4.23.304-A Page:
3/6

2
Reference solution

2.1
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Method of calculation used for the reference solution

(2n1) X
jy
(2n1)22

N DN

ZhN
Ll |
H

nrr &
<

< XXrr
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8(T)

(2N-1)

©Q0 -Twvwo+HH

Temperaturein °F with T =1.2 hr (4320s)

2.7 15,615115,648015,745515,9049 16,1211 16,3876 16,6964 17,038117,4022 17,7778
2.4 15,646215,678615,774815,9318 16,1449 16,4076 16,7120 17,048717,4076 17,7778
2.1 15,739115,770015,862016,0122 16,2160 16,4673 16,7584 17,080517,4238 17,7778
1.8 15,892115,920816,005816,1447 16,3333 16,5657 16,8349 17,132817,4503 17,7778
1.5 16,102516,127916,203516,3269 16,4944 16,7009 16,9401 17,204817,4869 17,7778
1.2 16,365516,386916,450616,5547 16,6959 16,8700 17,0716 17,294717,5325 17,7778
0.9 16,674416,691116,740916,8222 16,9325 17,0685 17,2261 17,400417,5862 17,7778
0.6 17,020317,031817,066017,1218 17,1975 17,2909 17,3991 17,518717,6462 17,7778
0.317,392317,398217,415617,4440 17,4825 17,5300 17,5851 17,645917,7108 17,7778
0.017,777817,777817,777817,7778 17,7778 17,7778 17,7778 17,777817,7778 17,7778
Y
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X

0.0
0.3
0.6
0.9
1.2
1.5
1.8
2.1
2.4
2.7

The values of reference are obtained with n=j=1000
2.2

Results of reference

T = 1.2hr (4320s): temperature at the following points:
-in X =0.0: fory=0.6, 1.5, 2.7,

-in X=0.9: for y=0.6, 1.5, 2.7,
-in X=1.8: fory=0.6, 1.5, 2.7.

2.3

Uncertainty on the solution
Analytical solution.

2.4 References
bibliographical

[1]

J.C. Bruch Jr., G. Zyroloski, "Transient two-dimensional heat conduction problems solved by
the finite element method', Int. J. num. Meth. Engng, flight 8, n°3, pp 481-494, 1974.
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Handbook of Validation
V4.23 booklet: Transitory thermics of the plane systems
HT-66/02/001/A

Code Aster ®
Version
5.0

Titrate:

TTLP304 Transfer of heat in an orthotropic plate: imposed flows
Date:

20/09/02

Author (S):

C. DURAND, E. SCREW, F. LEBOUVIER Clé

V4.23.304-A Page:
4/6

3 Modeling
With

3.1
Characteristics of modeling

PLAN (QUAD4, TRIA3)

y
2.7m

F

E

Limiting conditions

- dimensioned AB, BH, HE: T=-1.111°C
TRIA3

- dimensioned EF, FG, GA: =0
G

H

Cutting:

2.7m

- AB, GH, FE 9 elements

- AG, BH 5 €lements

QUAD4

- GF, HE 4 €lements

1.5m
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X
With
B

3.2
Characteristics of thegrid

A number of nodes:
100
A number of meshs and types: 117 (45 QUADA4, 72 TRIA3)

3.3 Functionalities
tested

Orders

AFFE_MODELE
THERMICS
PLAN

ALL

DEFI_MATERIAU
THER_ORTH

AFFE_CHAR THER F
TEMP_IMPO

AFFE_CARA_ELEM
SOLID MASS

THER_LINEAIRE
TEMP_INIT
VALE

CARA_ELEM
LIST INST

RECU_CHAMP
INST
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3.4 Remarks
The discretization in step of timeisasfollows:

10 stepsfor [0., 5.00D0] isT =0.5

9 stepsfor [5.00D0, 5.00D1] are T =5.

9 stepsfor [5.00D1, 5.00D2] are T = 50.

38 steps for [5.00D2, 4.30D3] are T = 100.

1 step for [4.30D3, 4.32D3] is T = 20.

Handbook of Validation

V4.23 booklet: Transitory thermics of the plane systems
HT-66/02/00/A

Code Aster ®
Version
5.0

Titrate:

TTLP304 Transfer of heat in an orthotropic plate: imposed flows
Date:

20/09/02

Author (S):

C. DURAND, E. SCREW, F. LEBOUVIER Clé

V4.23.304-A Page:
5/6

4
Results of modeling A

4.1 Values
tested

Relative variation %

Absolute deviation

| dentification Reference Aster difference tolerance difference
tolerance

Temperature

in

°F
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X

0.0

N3 (y=0.6)
-17.0203
-17.0146 -0.033
1% 0.006 0.05
NG (y = 1.5)
-16.1025
-16.0957 -0.042
1% 0.007 0.05
N10 (y=2.7)
-15.6151
-15.5784 -0.235
1% 0.037 0.05

N33 (y = 0.6)
-17.1218

-17.1167 0.029 1%
0.005

0.05

N36 (y = 1.5)
-16.3269

-16.3127 -0.087 1%
0.014

0.05
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N40 (y = 2.7)
-15.9049
-15.8905 -0.091
1% 0.014 0.05

N63 (y = 0.6)
-17.3991
-17.3961 -0.017
1% 0.003 0.05
N66 (y = 1.5)
-16.9401
-16.9297 -0.061
1% 0.010 0.05
N70 (y = 2.7)
-16.6964
-16.6930 -0.020
1% 0.003 0.05

4.2 Parameters
of execution

Version: 5.03

Machine: SGI - ORIGIN 2000 - R12000

Obstruction memory:

8 megawords

Time CPU To use: 4.11 seconds

Handbook of Validation

V4.23 booklet: Transitory thermics of the plane systems
HT-66/02/00/A
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Code Aster ®
Version
5.0

Titrate:

TTLP304 Transfer of heat in an orthotropic plate: imposed flows
Date:

20/09/02

Author (S):

C. DURAND, E. SCREW, F. LEBOUVIER Clé

V4.23.304-A Page:
6/6

5
Summary of theresults
The results obtained are satisfactory, the maximum change obtained is 0.235%.

For the points of observation selected, the variations are more important with the nodes belonging to
meshs TRIAS.

Handbook of Validation
V4.23 booklet: Transitory thermics of the plane systems
HT-66/02/001/A
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Version
5.0

Titrate:
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Date:
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Author (S):

C. DURAND, E. SCREW, F. LEBOUVIER Clé

V4.25.001-A Page:
1/12

Organization (S: EDF/AMA, EDF/UTO/S S Delta CAD
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Handbook of Validation
V4.25 booklet: Transitory thermics of the voluminal structures
V4.25.001 document

TTLVOL - Sphere: heat transfer by
convection

Summary:
Thistest results from the validation independent of version 3 in linear transitory thermics.

It isabout a three-dimensional problem represented by four modelings, one voluminal, the three
others
axisymmetric.

The functionalities tested are as follows:
- voluminal thermal elements,

- axisymmetric thermal elements,

- transitory algorithm of thermics,

- limiting conditions: convection.

Theresults are compared with those provided by VPCS.

Handbook of Validation
V4.25 booklet: Transitory thermics of the voluminal structures
HT-66/02/00/A
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Code Aster ®
Version
5.0

Titrate:
TTLVO1 Sphere: heat transfer by convection

Date:

20/09/02

Author (S):

C. DURAND, E. SCREW, F. LEBOUVIER Clé

V4.25.001-A Page:
2/12

1
Problem of reference

1.1 Geometry

D

D =0.2m
R

@)

He Te

1.2
Properties of material

48.822 Thermal W/m °C conductivity
CP

669.0 J/kg °C specific heat

7200 kg/m3 mass
voluminal
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1.3
Boundary conditions and loadings

Convection on external surface with air:
-He=2325W/m2 °C,

- Te= 1000 °C.

1.4 Conditions

initial

Initial temperature: T (T =0)=20°C

Handbook of Validation
V4.25 booklet: Transitory thermics of the voluminal structures
HT-66/02/001/A

Code Aster ®
Version
5.0

Titrate:
TTLVO1 Sphere: heat transfer by convection

Date:

20/09/02

Author (S):

C. DURAND, E. SCREW, F. LEBOUVIER Clé

V4.25.001-A Page:
3/12

2
Reference solution

2.1
Method of calculation used for the reference solution

Thereference solution isthat given in card TTLV01/89 of guide VPCS.
- calculation of the coefficients,

- reading on abacus of Gurney-Lurie.
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2.2
Results of reference

Temperature on the surface and in the center of the spherefor T ranging between 400 Sand 2400 S

2.3
Uncertainty on the solution

< 2%
In 600 second old lower part, uncertainty increases (difficult reading of the abacuses).

2.4 References
bibliographical

[1]

Guide validation of the software packages of structural analysis. French company of
Mechanics, AFNOR 1990 | SBN 2-12-486611-7

Handbook of Validation

V4.25 booklet: Transitory thermics of the voluminal structures

HT-66/02/001/A

Code Aster ®
Version
5.0

Titrate:
TTLVO1 Sphere: heat transfer by convection

Date:

20/09/02

Author (S):

C. DURAND, E. SCREW, F. LEBOUVIER Clé

V4.25.001-A Page:
4/12

3 Modeling
With

3.1
Characteristics of modeling
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3D (PENTAG6 and TETRA4)

Limiting conditions:
C

- faces OAB, OAD,
ODC, OBC

=0

30°

- face ABCD
H=2325W/mz2°C
H

Text =1000°C

O TN QO

NS
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With
H
N198

3.2
Characteristics of thegrid

A number of nodes:
361
A number of meshs and types: 450 PENTAG, 50 TETRA4 (and 50 TRIA3)

3.3 Functionalities
tested

Orders

AFFE_MODELE
AFFE
THERMICS

3D

AFFE_CHAR THER F
EXCHANGE

THER_LINEAIRE
TEMP_INIT
VALE

INCREMENT
LIST_INST

RECU CHAMP
INST

3.4 Remarks
Onetakes, for voluminal heat, CP = CP = 4816800.0 J/m3 °C.

The condition limits = 0. isimplicit on the free edges.
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Discretization of time: (36 intervals)

of

0 to 100 seconds: 8intervalsof 125 S.

of

100 to 300 seconds:; 8 intervals of 25.0 S.

of

300 to 700 seconds: 8 intervalsof 50.0 S.

of

700 to 1400 seconds: 7 intervals of 100.0 S.
of

1400 to 2400 seconds: 5 intervals of 200.0 S.
Handbook of Validation

V4.25 booklet: Transitory thermics of the voluminal structures
HT-66/02/001/A

Code Aster ®
Version
5.0

Titrate:
TTLVO1 Sphere: heat transfer by convection

Date:

20/09/02

Author (S):

C. DURAND, E. SCREW, F. LEBOUVIER Clé

V4.25.001-A Page:
5/12

4
Results of modeling A

4.1 Values
tested

| dentification Reference
Aster

Relative variation (%)
Absolute deviation (°C)
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difference
tolerance
difference
tolerance
Temperatures.

In the center (O: N291)
T(°0)

T=400S
334
340.56
1.965%
5.%

6.56

20.
T=600S
500
493.15
-1.371%
5.%

-6.85

20.
T=800S
618
610.27
-1.252%
5.%

-7.73

20.
T=1000S
706
700.18
-0.824%
5.%

-5.82
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20.
T=1200S
774
769.35
-0.600%
5.%

-4.65

20.
T=1400 S
828
822.57
-0.656%
5.%

-5.43

20.
T=1600S
872
863.33
-0.994%
5.%

-8.67

20.
T=1800S
902
894.73
-0.806%
5.%

-1.27

20.
T=2000S
923
918.91
-0.443%
5.%

-4.09

20.
T=2200S
942
937.54
-0.474%
5.%

-4.46

20.
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T=2400S
956
951.89
-0.430%
5.%

-4.11

20.

On the surface (a: N292)
T(°C)

T=400S
461
474.82
2.998%
5.%

13.8

20.
T=600S
608
596.37
-1.913%
5.%

-11.6

20.
T=800S
696
689.64
-0.914%
5.%

-6.36

20.
T=1000S
774
761.24
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-1.648%
5.%

-12.8

20.
T=1200S
828
816.33
-1.410%
5.%

-11.7

20.
T=1400 S
868
858.70
-1.071%
5.%

-9.30

20.
T=1600S
902
891.16
-1.202%
5.%

-10.8

20.
T=1800S
923
916.17
-0.741%
5.%

-6.83

20.
T=2000S
942
935.42
-0.698%
5.%

-6.58

20.
T=2200S
956
950.26
-0.601%
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5.%

-5.74

20.
T=2400S
962
961.69
-0.033%
5.%

-0.314

20.

4.2 Remarks
Therelative variations are higher than 2% for T = 400. S, inferiorsfor T 600. S

On the surface, the results calculated by Code Aster are symmetrical compared to the diagonal AC.
The maximum variation observed, into relative asin absolute, is0.29% is 1,4°C, between point A
(N291)

and the point D (N179) at the moment T = 400. S. These variations decrease in absolute value when
time

increase.

4.3 Parameters
of execution

Version: 5.03

Machine: SGI - ORIGIN 2000 - R12000

Obstruction memory:

8 megawords

Time CPU To use: 5.76 seconds

Handbook of Validation

V4.25 booklet: Transitory thermics of the voluminal structures
HT-66/02/001/A

Code Aster ®
Version
5.0

Titrate:
TTLVO1 Sphere: heat transfer by convection
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Date:

20/09/02

Author (S):

C. DURAND, E. SCREW, F. LEBOUVIER Clé

V4.25.001-A Page:
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5 Modeling
B

51
Characteristics of modeling

AXIS (TRIA3, QUADA4)

Limiting conditions:
- dimensioned AB, AC= 0
- dimensioned BC
H=2325Wmz2°C
N61

C

30°

Text =1000°C

N60

N59

(2)

y

Not

Node

N58

With

N1

N57

B

N56

N56

C

N61

B

15°
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X
N1
With

(R)

52
Characteristics of thegrid

A number of nodes:
61
A number of meshs and types: 45 QUAD4, 5 TRIA3 (and 5 SEG2)

5.3 Functionalities
tested

Orders

AFFE_MODELE
AFFE
THERMICS

AXIS

AFFE_CHAR THER
EXCHANGE

THER_LINEAIRE
TEMP_INIT
VALE

INCREMENT
LIST_INST

RECU_CHAMP
INST

5.4 Remarks
Onetakes, for voluminal heat, CP = CP = 4816800.0 J/m3 °C.

The condition limits= 0. isimplicit on the free edges.
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Discretization of time: (36 intervals)

of

0 to 100 seconds: 8intervalsof 125 S.

of

100 to 300 seconds:; 8 intervals of 25.0 S.

of

300 to 700 seconds: 8 intervalsof 50.0 S.

of

700 to 1400 seconds: 7 intervals of 100.0 S.
of

1400 to 2400 seconds: 5 intervals of 200.0 S.
Handbook of Validation

V4.25 booklet: Transitory thermics of the voluminal structures
HT-66/02/001/A

Code Aster ®
Version
5.0

Titrate:
TTLVO1 Sphere: heat transfer by convection

Date:

20/09/02

Author (S):

C. DURAND, E. SCREW, F. LEBOUVIER Clé

V4.25.001-A Page:
7112

6
Results of modeling B

6.1 Values
tested

| dentification Reference
Aster

Relative variation (%)
Absolute deviation (°C)
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difference
tolerance
difference
tolerance
Temperatures.

In center (a: N1)
T(°0)

T=400S
334
339.95
1.780%
5.%

5.95

20.
T=600S
500
492.47
-1.506%
5.%

-7.53

20.
T=800S
618
609.59
-1.361%
5.%

-8.41

20.
T=1000S
706
699.55
-0.914%
5.%

-6.45
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20.
T=1200S
774
768.78
-0.67/5%
5.%

-5.22

20.
T=1400 S
828
822.05
-0.718%
5.%

-5.95

20.
T=1600S
872
862.88
-1.046%
5.%

-9.12

20.
T=1800S
902
894.34
-0.849%
5.%

-7.66

20.
T=2000S
923
918.58
-0.479%
5.%

-4.42

20.
T=2200S
942
937.26
-0.503%
5.%

-4.74

20.
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T=2400S
956
951.65
-0.455%
5.%

-4.35

20.

On the surface (NR: N56)
T(°C)

T=400S
461
475.14
3.068%
5.%

14.1

20.
T=600S
608
596.46
-1.899%
5.%

-11.5

20.
T=800S
696
689.58
-0.922%
5.%

-6.42

20.
T=1000S
774
761.11
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-1.666%
5.%

-12.9

20.
T=1200S
828
816.15
-1.431%
5.%

-11.8

20.
T=1400 S
868
858.51
-1.093%
5.%

-9.49

20.
T=1600S
902
890.97
-1.223%
5.%

-11.0

20.
T=1800S
923
915.99
-0.760%
5.%

-7.01

20.
T=2000S
942
935.26
-0.715%
5.%

-6.74

20.
T=2200S
956
950.11
-0.616%
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5.%

-5.89

20.
T=2400S
962
961.56
-0.046%
5.%-0.441
20.

6.2 Remarks
Therelative variations are higher than 2% for T = 400. S, inferiorsfor T 600. S

The maximum variation observed between two nodes on surface, into relative asin absolute, is
0.012%

that isto say 0,055°C, between the point B (N56) and the point C (N61) at the moment T = 400. S.
These variations decrease in

absolute value when time increases.

6.3 Parameters
of execution

Version: 5.03

Machine: SGI - ORIGIN 2000 - R12000

Obstruction memory:

8 megawords

Time CPU To use: 4.03 seconds

Handbook of Validation

V4.25 booklet: Transitory thermics of the voluminal structures
HT-66/02/001/A

Code Aster ®
Version
5.0

Titrate:
TTLVO1 Sphere: heat transfer by convection
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7 Modeling
C

7.1
Characteristics of modeling

AXIS (TRIA6, QUADS)

Limiting conditions:
- dimensioned AB, AC=0
- dimensioned BC
H=2325W/mz2°C
Text =1000°C

C

N171

N170

30°

N169

Not

Node

N168

With

N1

(2)

y

N167

N166

B

N163

N165

C

N171

N158

N164

N156
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N163
B
N1
15°
X
With
(R)

7.2
Characteristics of thegrid

A number of nodes:
171
A number of meshs and types: 45 QUADS, 5 TRIAG6 (and 5 SEG3)

7.3 Functionalities
tested

Orders

AFFE_MODELE
AFFE
THERMICS

AXIS

AFFE_CHAR THER
EXCHANGE

THER_LINEAIRE
TEMP_INIT
VALE

INCREMENT
LIST INST

RECU_CHAMP
INST

7.4 Remarks

Onetakes, for voluminal heat, CP = CP = 4816800.0 J/m3 °C.
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The condition limits= 0. isimplicit on the free edges.
Discretization of time: (36 intervals)

of

0 to 100 seconds: 8intervalsof 125 S.

of

100 to 300 seconds: 8 intervalsof 25.0 S.

of

300 to 700 seconds: 8 intervals of 50.0 S.

of

700 to 1400 seconds: 7 intervals of 100.0 S.
of

1400 to 2400 seconds: 5 intervals of 200.0 S.
Handbook of Validation

V4.25 booklet: Transitory thermics of the voluminal structures
HT-66/02/001/A

Code Aster ®
Version
5.0

Titrate:
TTLVO1 Sphere: heat transfer by convection

Date:

20/09/02

Author (S):

C. DURAND, E. SCREW, F. LEBOUVIER Clé

V4.25.001-A Page:
9/12

8
Results of modeling C

8.1 Values
tested

| dentification Reference
Aster
Relative variation (%)
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Absolute deviation (°C)

difference
tolerance
difference
tolerance
Temperatures.

In center (a: N1)
T(°C)

T=400S
334
341.10
2.126%
5.%

7.10

20.
T=600S
500
493.15
-1.370%
5.%

-6.85

20.
T=800S
618
609.65
-1.303%
5.%

-8.05

20.
T=1000S
706
699.70
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-0.893%
5.%

-6.30

20.
T=1200S
774
768.80
-0.672%
5.%

-5.20

20.
T=1400 S
828
822.00
-0.725%
5.%

-6.00

20.
T=1600S
872
862.78
-1.058%
5.%

-9.22

20.
T=1800S
902
894.22
-0.863%
5.%

-7.78

20.
T=2000S
923
918.45
-0.493%
5.%

-4.55

20.
T=2200S
942
937.14
-0.516%
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5.%

-4.86

20.
T=2400S
956
951.54
-0.467%
5.%

-4.46

20.

On the surface (NR: N163)
T(°C)

T=400S
461
474.78
2.989%
5.%

13.8

20.
T=600S
608
596.02
-1.971%
5.%

-12.0

20.
T=800S
696
689.12
-0.989%
5.%-6.88
20.
T=1000S
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774
760.65
-1.725%
5.%

-13.3

20.
T=1200S
828
815.72
-1.483%
5.%

-12.3

20.
T=1400 S
868
858.12
-1.138%
5.%-9.88
20.
T=1600S
902
890.63
-1.261%
5.%

-11.4

20.
T=1800S
923
915.69
-0.792%
5.%

-7.31

20.
T=2000S
942
935.00
-0.743%
5.%

-7.00

20.
T=2200S
956
949.90
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-0.639%
5.%
-6.10
20.
T=2400S
962
961.37
-0.065%
5.%
-0.625
20.

8.2 Remarks
Therelative variations are higher than 2% for T = 400. S, inferiorsfor T 600. S

Variations observed between the results calculated by Code Aster on two nodes of surface
external, are lower than 0,011°C (either 0.002%).

8.3 Parameters
of execution

Version: 5.03

Machine: SGI - ORIGIN 2000 - R12000

Obstruction memory:

8 megawords

Time CPU To use: 4.50 seconds

Handbook of Validation

V4.25 booklet: Transitory thermics of the voluminal structures
HT-66/02/001/A
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9 Modeling
D

9.1
Characteristics of modeling

AXIS (TRIA6, QUADY)

Limiting conditions:
- dimensioned AB, AC=0
- dimensioned BC
H=2325Wm2°C
Text =1000°C

C

N216

N215

30°

N214

Not

Node

N213

With

N1

(2

y

N212

N211
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B
N207
N210
C
N216
N209
N208
NG5
N207
B
N1
15°
X
With

(R)
9.2
Characteristics of thegrid

A number of nodes:
216
A number of meshs and types: 45 QUADY, 5 TRIA6 (and 5 SEG3)

9.3 Functionalities
tested

Orders

AFFE_MODELE
AFFE
THERMICS

AXIS

AFFE_CHAR THER
EXCHANGE

THER _LINEAIRE
TEMP_INIT
VALE
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INCREMENT
LIST_INST

RECU_CHAMP
INST

9.4 Remarks

One takes, for voluminal heat, CP = CP = 4816800.0 J/m3 °C.
The condition limits= 0. isimplicit on the free edges.
Discretization of time: (36 intervals)

of

0 to 100 seconds: 8intervalsof 125 S.

of

100 to 300 seconds: 8 intervals of 25.0 S.

of

300 to 700 seconds: 8 intervalsof 50.0 S.

of

700 to 1400 seconds: 7 intervals of 100.0 S.
of

1400 to 2400 seconds: 5 intervals of 200.0 S.
Handbook of Validation

V4.25 booklet: Transitory thermics of the voluminal structures
HT-66/02/001/A

Code Aster ®
Version
5.0

Titrate:
TTLVO1 Sphere: heat transfer by convection

Date:

20/09/02

Author (S):

C. DURAND, E. SCREW, F. LEBOUVIER Clé
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10 Results of modeling D

10.1 Values
tested

| dentification Reference
Aster

Relative variation (%)
Absolute deviation (°C)

difference
tolerance
difference
tolerance
Temperatures.

In center (a: N1)
T(°C)

T=400S
334
341.10
2.125%
5.%

7.10

20.
T=600S
500
493.14
-1.371%
5.%

-6.86

20.
T=800S
618
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609.95
-1.303%
5.%

-8.05

20.
T=1000S
706
699.70
-0.893%
5.%

-6.30

20.
T=1200S
774
768.79
-0.673%
5.%

-5.21

20.
T=1400 S
828
821.99
-0.726%
5.%

-6.01

20.
T=1600S
872
862.78
-1.058%
5.%

-9.22

20.
T=1800S
902
894.22
-0.863%
5.%

-7.78

20.
T=2000S
923
918.45
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-0.493%
5.%

-4.55

20.
T=2200S
942
937.13
-0.516%
5.%

-4.87

20.
T=2400S
956
951.54
-0.467%
5.%

-4.46

20.

On the surface (NR: N207)
T(°C)

T=400S
461
474.78
2.989%
5.%

13.8

20.
T=600S
608
596.01
-1.971%
5.%

-12.0
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20.
T=800S
696

689.12
-0.989%
5.% -6.88
20.
T=1000S
774
760.65
-1.725%
5.%

-13.4

20.
T=1200S
828
815.72
-1.483%
5.%

-12.3

20.
T=1400 S
868
858.12
-1.138%
5.%

-9.88

20.
T=1600S
902
890.63
-1.261%
5.%

-11.4

20.
T=1800S
923
915.69
-0.792%
5.%

-7.31

20.
T=2000S
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942
935.00
-0.743%
5.%

-7.00

20.
T=2200S
956
949.89
-0.639%
5.%

-6.11

20.
T=2400S
962
961.37
-0.065%
5.%

-0.626

20.

10.2 Remarks
Therelative variations are higher than 2% for T = 400. S, inferiorsfor T 600. S

Theresults calculated by Code Aster on the nodes of external surface are almost
identical (maximum: 5.105 °C is 107 into relative).

10.3 Parameters
of execution

Version: 5.03

Machine: SGI - ORIGIN 2000 - R12000

Obstruction memory:

8 megawords

Time CPU To use: 4.34 seconds

Handbook of Validation

V4.25 booklet: Transitory thermics of the voluminal structures
HT-66/02/001/A
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11 Summary of the results

Theresults obtained are satisfactory. The maximum change obtained (3%) is on surface
external of the sphere for the weakest moment the T. This variation decreases when the moment T
INncreases.

Whatever the modeling, the results are increasingly more precise in the center than on the surface
external of the sphere.

With identical cutting the results between the linear and quadratic elements are appreciably them
same.

Handbook of Validation
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Thermal TTLV100 Shock in a pipe with condition of exchange
Date: 01/12/98

Author (9)

J.M. PROI X, M.A. REDON

Key:
V4.25.100-A Page:
1/8
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Organization (S): EDF/IMA/MMN

Handbook of Validation

V4.25 booklet: Transitory thermics of the voluminal structures

Document: V4.25.100

TTLV100 - Thermal shock in a pipe with

condition of exchange

Summary:

Thistest of transitory linear thermics consistsin imposing a cold thermal shock on a hollow roll
presumedly infinite using a limiting condition of exchange.

The shock ismodelled by a linear lope T = 269°C into 12 S.

The problem is dealt with into axisymmetric.

The reference solution is obtained on a fine network.

Thetest iscarried out on 2 modelings: (TRIA3, QUAD4) and (TRIA6, QUAD?9).
Oneteststhe algorithm of linear thermics transitory when the matrix of massis diagonalisée
(modeling

AXIS DIAG with "masslumping "").

Handbook of Validation

V4.25 booklet: Transitory thermics of the voluminal structures

HI1-75/98/040 - Ind A
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Version
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Titrate:
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Author (9)
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1

Problem of reference
1.1 Geometry

Z

IH

With

B

R

Re

M1 m2

Z
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IH =417 mm

Re =496 mm

R (A) =417 mm

R (B) = 496 mm

R (M1) =443.43 mm

R (m2) = 469.67 mm

1.2

Material properties
=19.97 W/m°C

CP =4.89488 106 J/m3 °C
1.3

Boundary conditions and loadings
T

Exchange

= (

HT
T(R, T))
N

ext.

R =ri

2

with

H =

40000 W/m*° C

TOA12=.
20°C

ext.

T=

S

1.4 Conditions
initial
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T (R, 0) =289°C for any R
Discretization in time (T):
12

not for

[O.

12.]

that isto say
T=1S

2

not for

[12.

20.]

that isto say
T=4.S

4

not for

[20.

100.]

that isto say
T=20.S

2

not for

[100.

200.]

that isto say
T=50.S

2

not for

[200.

400.]

that isto say
T=100.S

8

not for

[400.

2000.]
that isto say
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T=200.S
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2

Reference solution

2.1

Method of calculation used for the reference solution

The reference solution is obtained on a fine network comprising 99 quadratic elements QUADS8
in the thickness without option of matrix of diagonal thermal mass.
2.2

Results of reference

Temperatures at the points M1 (R = 443.33) and m2 (R = 469.67),
and at various moments (T = 12., 100. , 600. and 2000.).
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3 Modeling

With

3.1

Characteristics of modeling
TRIA3, QUAD4
Theinfinite cylinder being supposed, one nets only one section height H = 40 mm with 2 layers
elements,

M'1

M'2

D

C

Limiting conditions

on [AB], [BC] and [CD]: null flow

H

on [AD]: exchange H, Text
Text

With

B

M1

M2

289 °C

20°C

T

0

12S

Initial conditions
points

nodes

R

Z

T=289°C

M1 N10
443.33 0.0
M2 N5
469.67
0.0

M'1

N11
443.33 40.
M'2

N7
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469.67

40.

3.2

Characteristics of thegrid
A number of nodes: 12

A number of meshs and types. 3 QUAD4, 6 TRIAG6
3.3 Functionalities

tested

Orders

Keys

AFFE_MODELE
MODELING

AXIS DIAG

[U4.22.01]
AFFE_CHAR THER F
EXCHANGE

[U4.25.02]
THER_LINEAIRE
[U4.62.01]
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4

Results of modeling A
4.1 Values

tested

| dentification
Reference

Aster

% difference
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M1 (R = 443.33)
T=12
288.64
282.63
2.08

T = 20.
202.76
199.84
1.44

T = 600.
93.027
92.821
0.22

T = 2000.
29.419
29.865
+1.51
M2 (R = 469.67)
T=12
289.00
288.84
0.06

T =20.
275.04
268.63
2.32

T = 600.
143.00
142.74
0.18

T = 2000.
35.858
36.629
+2.15
M'1 (R = 443.33)
T=12
288.64
283.09
1.92

T =20.
202.76
206.66
+1.92
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T = 600.

93.027

93.731

+0.76

T = 2000.

29.419

29.988

+1.93

M'2 (R = 469.67)

T =12

289.00

288.82

0.06

T = 20.

275.04

267.66

2.68

T = 600.

143.00

141.57

1.00

T = 2000.

35.858

36.470

+1.71

4.2 Parameters

of execution

Version: 4.01.12
Machine: CRAY C98
System: UNICOS
Obstruction memory:
8 megawords

Time CPU To use: 7.6 seconds
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J.M. PROIX, M.A. REDON
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5 Modeling

B

51

Characteristics of modeling
TRIA6, QUADY
Theinfinite cylinder being supposed, one nets only one section height H = 40 mm with 2 layers
elements,

M'1

M'2

D

C

Limiting conditions

on [AB], [BC] and [CD]: null flow

H

on [AD]: exchange H, Text
Text

With

B

M1

M

289 °C

2

20°C

T

0

12S

Initial conditions
points

nodes

R

Z

T=289°C

M1 N25
443.33 0.0
M2 N9
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469.67

0.0

M'1

N28

443.33 40.

M'2

N1

469.67

40.

5.2

Characteristics of thegrid
A number of nodes: 35
A number of meshs and types: 3 QUADY, 6 TRIAG6
5.3 Functionalities
tested

Orders

Keys
CREA_MAILLAGE
MODI_MAILLE
OPTION:

“QUADS8 9"

[U4.12.06]
AFFE_MODELE
MODELING

AXIS DIAG

[U4.22.01]
AFFE_CHAR THER F
EXCHANGE

[U4.25.02]
THER_LINEAIRE
[U4.62.01]
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Titrate:

Thermal TTLV100 Shock in a pipe with condition of exchange
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Author (S)
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6

Results of modeling B
6.1 Values
tested

| dentification
Reference

Aster

% difference
M1 (R =443.33)
T =12

288.64

286.80

0.63

T = 20.

202.76

202.25

0.25

T = 600.

93.027

92.955

0.08

T = 2000.
29.419

29.524

+0.36

M2 (R = 469.67)
T =12

289.00

288.99

+0.00

T = 20.

275.04

273.35

0.61

T = 600.

143.00

142.99

0.00

T = 2000.
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35.858

36.050

+0.54

M'1 (R =443.33)
T =12

288.64

287.13

0.52

T = 20.

202.76

205.35

+1.28

T = 600.

93.027

93.378

+0.38

T = 2000.

29.419

29.580

+0.55

M'2 (R = 469.67)
T =12

289.00

288.99

+0.00

T = 20.

275.04

272.65

0.87

T = 600.

143.00

142.39

0.43

T = 2000.

35.858

35.972

+0.32

6.2 Parameters
of execution
Version: 4.01.12
Machine: CRAY C98
System: UNICOS
Obstruction memory:
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8 megawords

Time CPU To use: 8.0 seconds
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7

Summary of theresults

Modeling “AXIS_DIAG” givesrather satisfactory results. Although grid

comprise that 3 elementsin the thickness, the variation on the temperatures remains lower than 2.7%.
In spite of the violence of the thermal shock, the diagonalisation of the matrix of mass makesit possible
to obtain one

solution in temperature which does not oscillate during the transient.
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Handbook of Validation
V4.25 booklet: Transitory thermics of the voluminal structures
V4.25.300 document

TTLV300 - Parallelepiped subjected to a density of
flow on itsfaces

Summary:
This test results from the validation independent of version 3 in linear transitory thermics.
It isabout a voluminal problem represented by a modeling 3D.

The functionalities tested are as follows:
-voluminal thermal element,

- transitory algorithm of thermics,

- limiting conditions: imposed flow.

Theresults are compared with a three-dimensional analytical solution.
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1
Problem of reference

1.1 Geometry

Z
Dimensions of the parallelepiped: 2m X 3.2m X 4m

-L1=10m
-L2=16m
-L3=20m
L2

Not O (0., 0., 0.)

X

CO

Not H (0.5, 0.8, 1.0)
Not C (1.0, 1.6, 2.0)
H

L3

Y

L1

1.2
Properties of material

1. W/m~°C
thermal conductivity
CP

1. J/kg °C
specific heat
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1.
kg/m3 mass
voluminal

1.3
Boundary conditions and loadings

Flow imposed on the 6 faces Q = 0.5 W/m2 = gw

1.4 Conditions
initial

T(T=0)=1°C=T0

Handbook of Validation
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2
Reference solution

2.1
Method of calculation used for the reference solution

1
TX,y,Z, T)=TO+ 2qw
(A+B+C)
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with:

(2m-)
1L1+X
(2m-)
1L1-X
With =i.erfc
+i.erfc

2.t

2.1

(2m-)
1L2+y
(2m-)
1L2-y
B =i.erfc
+ i.erfc

2.t
2.t
(2m-)
1L

z
(2m-)

3+
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1L-Z
C=i.erfc
+ j.erfc
3

- N 1l

m O

=.cp

The values of reference are obtained with m = 1000.

2.2
Results of reference

Temperature at the points: O (0,0,0), H (0.5,0.8, 1.)and C (1., 1.6, 2.)

2.3
Uncertainty on the solution

Analytical solution.

2.4 References
bibliographical

[1]

M.J Chang, L.C Chow, W.S Chang, “ I mproved alternating direction implicit for solving
transient three dimensional heat diffusion problems” , Numerical Heat Transfer, flight 19, pp 69-
84, 1991.
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3 Modeling
With

3.1
Characteristics of modeling

3D (HEXAS8, PENTAG)

Z

Modeling 1/8 of the parallelepiped
G

F

Grid:

- 6 elements according to X

L2

- 8 elementsfollowing y

- 10 elements according to Z
Limiting conditions:

D

C

- faces[ABCD], [BEFC], [DCFG]: qw=0.5
H

- faces[ABEOQ], [AOGD], [OEFG]:
E X

=0.

L3

O
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3

L2
Points
X

y

Z
Node
@)
0.00
0.00
0.00
N2

0.50
0.8
1.00
N409

1.00
16
2.00
N814
With

R< m

3.2
Characteristics of thegrid

A number of nodes:
819
A number of meshs and types: 288 HEXAS8, 576 PENTAG6 (168 QUADA4, 96 TRIA3)

3.3 Functionalities
tested

Orders

AFFE_MODELE
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THERMICS
3D

AFFE_CHAR THER
FLUX_REP

THER_LINEAIRE
TEMP_INIT
VALE

LIST_INST

RECU_CHAMP

INST

3.4 Remarks

The condition limits = 0. isimplicit on the free edges.

Discretization of time: 36 intervals, between 0 and 10 seconds (of 0.005 Swith 1.s by interval).
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4
Results of modeling A

4.1 Values
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tested

| dentification
Reference
Aster %
difference
Tolerance
Not O

(N2) T=005S
1.0001
100000443
-0.010
1%
T=01S
1.00398
1.003172
-0.080
1%
T=02S
1.03331
1.03127
-0.198
1%
T=03S
1.08533
1.08227
-0.282
1%
T=05S
1.23086
1.2266
-0.345
1%
T=15S
1.69979
1.6945
-0.311
1%
T=5.S
5.9292
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5.9234
-0.098
1%
T=10.S
11.242
11.236
-0.054
1%

Not H

(N409) T=0.05S
1.0083
1.006472
-0.181
1%
T=01S
1.03819
1.03573
-0.237
1%
T=02S
1.12556
1.1229
-0.235
1%
T=03S
1.22504
1.2233
-0.217
1%
T=05S
1.43580
1.4331
-0.188
1%
T=15S
1.96667
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1.9639
-0.140
1%
T=5.S
6.2167
6.2139
-0.045
1%
T=10.S
11.529
11.526
-0.023
1%

Not C

(N814) T=0.05S
1.3785
1.3726
-0.429
1%
T=01S
1.5352
1.5308
-0.290
1%
T=02S
1.7572
1.7536
-0.206
1%
T=03S
1.9295
1.9261
-0.176
1%
T=05S
2.2142
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2.2110
-0.146
1%
T=1S
2.8085
2.8054
-0.112
1%
T=5S
7.0792
7.0762
-0.043
1%
T=10.S
12.392
12.389
-0.027
1%

4.2 Parameters
of execution

Version: 5.03

Machine: SGI - ORIGIN 2000 - R12000

Obstruction memory:

8 megawords

Time CPU To use: 7.07 seconds
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5
Summary of the results

Theresults obtained are satisfactory. The maximum change (0.43%), islocated on external surface
parallelepiped (Point C) at the moment T weakest. At the end of 10 S, this variation decreases, the
maximum

isthen of 0.054% (not O: center parallelepiped).

Thistest made it possible to test in linear transient modeling 3D with meshs HEXAS8 and
PENTAG.
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Handbook of Validation
V4.25 booklet: Transitory thermics of the voluminal structures
V4.25.301 document

TTLV301 - Parallelepiped subjected to one
temperature imposed on its faces

Summary:
This test results from the validation independent of version 3 in linear transitory thermics.
It isabout a voluminal problem represented by only one modeling (3D).

The functionalities tested are as follows:
-voluminal thermal element,

- transitory algorithm of thermics,

- [imiting conditions: imposed temperature.

Theresults are compared with an analytical solution.
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1
Problem of reference

1.1 Geometry

z

Dimensions of the parallelepiped: 2m X 3.2m X 4m
-L1=10m

-L

L2

2=16m
-L3=20m

O

X

Not O (0.,0.,0.)

H

Not H (0.5, 0.8, 1.0)
L3

Y

L1

1.2
Properties of material

1. W/m~°C
thermal conductivity
CP

1. J/kg °C
specific heat

1.
kg/m3 mass
voluminal

1.3
Boundary conditions and loadings
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Temperature imposed on the6facesT =2°C=Tw

1.4 Conditions
initial

T(T=0)=1°C=To
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2
Reference solution

2.1
Method of calculation used for the reference solution
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T(X,y,Z,T)=T+has

exp (-
1t

nml
mnl
) .cos
coSs
coSs

2L1

m=1n=1I=1

2L.2

2L3

(

64 TO - Tw)
(2m-)

1

(2n-)

1

(2-)

1

amnl =3
(.
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— w

=.cp

The values of reference are obtained with m=N =L = 100.
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2.2
Results of reference

Temperature at the points: O (0,0,0) and H (0.5, 0.8, 1.)

2.3
Uncertainty on the solution

Analytical solution.

2.4 References
bibliographical

[1]

M.J Chang, L.C Chow, W.S Chang, “ I mproved alternating direction implicit for solving
transient three dimensional heat diffusion problems” , Numerical Heat Transfer, flight 19, pp 69-
84, 1991.
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Code Aster ®
Version
5.0

Titrate:

TTLV301 Parallélépipede subjected to a temperature imposed on its faces Dates:
20/09/02

Author (S):

C. DURAND, E. SCREW, F. LEBOUVIER Clé

V4.25.301-A Page:
4/6

3 Modeling
With

3.1
Characteristics of modeling

3D (HEXA27)

Z

Modeling 1/8 of the parallelepiped

G

F

Grid:

- 5 elements according to X

L2

- 8 elements following y

- 10 elements according to Z

Limiting conditions:

D

C

- faces[ABCD], [BEFC], [DCFG]: T = 2°C
- faces[ ABEO], [AOGD], [OEFG]: = 0.
H

E X

L3

O

Points

X

y
Z
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Node
O
0.00
0.00
0.00
N5

H
0.50
0.80
1.00
N1075
With

B
L
y
1

3.2
Characteristics of thegrid

A number of nodes:
3927
A number of meshs and types. 400 HEXA27

3.3 Functionalities
tested

Orders

AFFE_MODELE
THERMICS

3D

AFFE_CHAR THER
TEMP_IMPO

THER _LINEAIRE
TEMP_INIT
VALE
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LIST_INST

RECU_CHAMP
INST

3.4 Remarks
The condition limits= 0. isimplicit on the free edges.
Discretization of time: 24 intervals between 0. and 1.2 seconds:

T=0.00

with T = 0.02

: 4 0.005 seconds intervals.
T=0.02

with T = 0.05

: 3intervals of 0.01
seconds.

T=0.05

with T =0.15

: 4 0.025 seconds intervals.
T=0.15

with T=04

: 5intervals of 0.05
seconds.

T=04

with T=1.2

: 8intervalsof 0.1
seconds.

Handbook of Validation
V4.25 booklet: Transitory thermics of the voluminal structures
HT-66/02/001/A

Code Aster ®
Version
5.0

Titrate:

TTLV301 Parallél épipede subjected to a temperature imposed on its faces Dates:
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Author (S):

C. DURAND, E. SCREW, F. LEBOUVIER Clé
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V4.25.301-A Page:
5/6

4
Results of modeling A

4.1 Values
tested

| dentification
Reference
Aster %
difference
Tolerance
Not O

N5 (0., 0., 0.

T=01S
1.05137
1.04934
-0.193
1%
T=02S
1.24768
1.24181
-0471
1%
T=03S
1.45136
1.44378
-0.522
1%
T=05S
1.73684
1.72955
-0.420
1%
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T=07S
1.88010
1.87516
-0.263
1%
T=10S
1.96406
1.96191
-0.110
1%
T=12S
1.98398
1.98282
-0.059
1%

Not H

N1075 (0.5, 0.8, 1.0)

T=01S
1.33579
1.32490
-0.816
1%
T=02S
1.61081
1.60337
-0.462
1%
T=03S
1.75959
1.75424
-0.304
1%
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T=05S
1.90017
1.89718
-0.157
1%
T=07S
1.95657
1.95478
-0.091
1%
T=10S
1.98723
1.98646
-0.039
1%
T=12S
1.99433
1.99391
-0.021
1%

4.2 Parameters
of execution

Version: 5.03

Machine: SGI - ORIGIN 2000 - R12000

Obstruction memory:

8 megawords

Time CPU To use: 16.36 seconds
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V4.25 booklet: Transitory thermics of the voluminal structures
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Code Aster ®
Version
5.0

Titrate:
TTLV301 Parallél épipede subjected to a temperature imposed on its faces Dates:
20/09/02
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Author (S):
C. DURAND, E. SCREW, F. LEBOUVIER Clé

V4.25.301-A Page:
6/6

5
Summary of the results

The results obtained are satisfactory. The maximum change obtained (0.816%), is located at the point
H placed

halfway enters surface external and the center of the parallelepiped. At the end of 1.2s, thisvariation
decrease, the maximum obtained is then of 0.059% (not O: center parallelepiped).

Thistest made it possible to test in linear transient modeling 3D with meshs HEXA27.
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Version
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Titrate:
TPNAQOL - Stationary axisymmetric problem with radiation Dates
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Author (S):
Key J.P. LEFEBVRE

V4.41.001-C Page:
1/8

Organization (S): EDF-R & D /AMA
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Handbook of Validation
V4.41 booklet: Stationary thermics with radiation
Document: V4.41.001

TPNAOL - Stationary axisymmetric problem
with radiation

Summary:

This elementary test makes it possible to deal with axisymmetric problem in stationary thermics with a
condition

with the limits of the radiation type. The solution isanalytical. The problem is dealt with into
axisymmetricand in

voluminal.

For modelings presented here, the variations of the results obtained by Code Aster range between 1
and
2% of the analytically calculated reference.
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V4.41.001-C Page:

2/8

1

Problem of reference
1.1 Geometry

Z

Re=0.391m
Re=0.300 m

R

The hollow roll is supposed infinitely long.

1.2
Material properties

Only the coefficient of conductivity intervenes. Code Aster makes compulsory the supply of a
function
representing the given voluminal enthalpy starting from the voluminal coefficient of heat.

voluminal heat
C
1.00J/m3°C

p:

thermal conductivity
K=40W/m° C

1.3
Boundary conditions and loadings

Condition of the radiation type on surface interns cylinder, condition of the convection type
(exchange with the external medium) on external surface.

No the boundary condition on the ends of the cylinder (what amountsimposing a null flow).

-
4

intern
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surface
K
=(T+273.15) 4

- (T +273.15
ext.

)
N

with = 0.6, =
10

5.73
-8W/24

m K

and iext

T

=500.0°
C,T

in
expressed
Centigrade

T
external

surface

K

= He[eext

T-T]

N

with H E =142.0
2

W/mC

and eext
T
=20.0C

o

Handbook of Validation

file:/l/Z|/process/valid/p2560.htm (10 of 19)9/28/2006 4:32:46 PM



file:/l1Z|/process/valid/p2560.htm

V4.41 booklet: Stationary thermics with radiation
HT-66/03/008/A

Code Aster ®
Version
6.4

Titrate:
TPNAQOL - Stationary axisymmetric problem with radiation Dates

02/06/03
Author (S):
Key J.P. LEFEBVRE

V4.41.001-C Page:
3/8

2
Reference solution

2.1
Method of calculation used for the reference solution

Onein the case of lays out of an analytical solution a cylinder infinite length:
T-T

TLog(Re)-TLog(IH)
T(R)

) +

Re

Log (Re) - Log (IH)
Log

IH
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2.2
Results of reference

R (m)
T(°0)
.30000
105.55
32275
99.21
.34550
93.30
.36825
87.76
.39100
82.56

Value of the temperature according to R

R (m)
(W/m2)
.300
11577.49
391
8822.98

Value of flow according to R

2.3
Uncertainty on the solution

Exact solution.

2.4 References
bibliographical

[1]

Guide validation of the software packages of structural analysis. French company of the Mechanics
AFNOR 1990 | SBN 2-12-486611-7
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Code Aster ®
Version
6.4

Titrate:
TPNAOL - Stationary axisymmetric problem with radiation Dates

02/06/03
Author (S):
Key J.P. LEFEBVRE

V4.41.001-C Page:
4/8

3 Modeling
With

3.1
Characteristics of modeling

Modeling 2D:

N1
N3
N6
N11
N9

3.2
Characteristics of the grid

2 QUADS

33
Functionalities tested

Order Mot-clé Key word
Argument

factor

simple

file:/l/Z|/process/valid/p2560.htm (13 of 19)9/28/2006 4:32:46 PM



file:/l1Z|/process/valid/p2560.htm

DEFI_MATERIAU THER_NL
LAMBDA

BETA

THER_NON_LINE TEMP_INIT
STATIONARY “YES’

CONVERGENCE
RESI GLOB_RELA
1E-2

ITER_GLOB_MAXI
9

CRIT_LAGR RELA
1E-3

OPTION
“FLUX_ELNO_TEMP”
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Version
6.4

Titrate:
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Author (S):
Key J.P. LEFEBVRE

V4.41.001-C Page:
5/8
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4
Results of modeling A

4.1 Values
tested

The nodes observed have as a co-ordinate Z = 0.0

| dentification
Reference
Aster %
difference
temperature
N1 (r=.30000)
105.55

105.52

-0.03

N3 (r=.32275)
99.21

99.17

-0.04

N6 (r=.34550)
93.30

93.26

-0.04

N11 (r=.36825)
87.76

87.73

-0.04

N9 (r=.39100)
82.56

82.53

-0.04

| dentification
Reference

Aster %
difference

flow

net M1 N1 node
11577.49
11533.37

-0.38

net m2 N9 node
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8822.98
8855.97
-0.37

4.2 Remarks

The boundary condition of the radiation typeis provided in the form of a function of
temperature interpolated linearly between each point (one discretized the curve using 101 here
points).
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Version
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Titrate:
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V4.41.001-C Page:
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5 Modeling
B

51
Characteristics of modeling

Modeling 3D:

52
Characteristics of the grid
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32 HEXA20

53
Functionalities tested

Order Mot-clé

Key word

Argument

factor

simple

DEFI_MATERIAU THER NL
LAMBDA

BETA

THER_NON_LINE TEMP_INIT
STATIONARY
11 YESH

CONVERGENCE
RES| _GLOB_RELA
1.E-2

ITER_GLOB_MAXI
10

CRIT_LAGR RELA
1.E-3

OPTION

“FLUX_ELNO_TEMP”
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V4.41 booklet: Stationary thermicswith radiation
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Version
6.4
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Titrate:
TPNAOL - Stationary axisymmetric problem with radiation Dates

02/06/03
Author (S):
Key J.P. LEFEBVRE
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7/8

6
Results of modeling B

6.1 Values
tested

The nodes observed have as co-ordinates. y=2Z = 0.0

| dentification
Reference

Aster

% difference
temperature
NO106 (x=.30000)
105.55

105.51

-0.03

NO105 (x=.32275)
990.21

90.17

-0.04

NO115 (x=.34550)
93.30

93.26

-0.04

NO125 (x=.36825)
87.76

87.73

-0.04

NO123 (x=.39100)
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82.56
82.52
-0.04

| dentification
Reference

Aster

% difference

flow

net MA17 node NO106
11577.49

11680.50

+0.89

net MA16 node NO123
8822.98

8968.85

+1.65

6.2 Remarks

Thefunction of flow used in modeling A is also used here.

Handbook of Validation
V4.41 booklet: Stationary thermicswith radiation
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Code Aster ®
Version
6.4

Titrate:
TPNAOQL - Sationary axisymmetric problem with radiation Dates

02/06/03
Author (S):
Key J.P. LEFEBVRE

V4.41.001-C Page:
8/8

7
Summaries of theresults

The taking into account of the conditions of radiation is completely correct in this stationary case.
Let us note that this test utilized a coefficient of thermal conductivity constant, only
non-linearity thus relates to the boundary conditions.

The errors are higher on the calculation of flow, which one can explain by the use of

smoothings with the nodes, carried out starting from the computed values at the points of integration
(points of

GAUSS).
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Organization (S): EDF/AMA, EDF/UTO/S S Delta CAD

Handbook of Validation
V4.41 booklet: Nonlinear stationary thermics of the axisymmetric structures
V4.41.300 document

TPNA3QO0 - Tube generating heat with
variable conductivity

Summary:
Thistest results from the validation independent of version 3 in nonlinear stationary thermics.

It isabout an axisymmetric problem 2D represented by four modelings, two axisymmetric, plane
and the voluminal last.

Thefunctionalities tested are as follows:

- axisymmetric thermal element,

- plane thermal element,

- voluminal thermal element,

- variable properties,

- [imiting conditions (imposed temperature, heat source).

Theinterest of the test liesin the taking into account of variable properties and the nonlinear
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behavior.
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Author (S):
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1
Problem of reference

1.1 Geometry

Y

Te

Ti
laughed
X

With

B
(W/m/°C)
ro

40

Q

(T)
20
T(°C)

0
50
100
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laughed = 6.35 X 10-3m
Re=254X10-3m

1.2
Properties of material

= Co+C1T W/m°C
Thermal conductivity
with Co = 21.461 W/m °C

Cl1=0.234W/m~°C?2

1.3
Boundary conditions and loadings

-surface interior:

Ti =-17.78 °C,

-surface outside: Te=-17.78 °C,

- heat source: Q = 1.035 x107 W/ma3.

1.4 Conditions
initial
Without object.
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2
Reference solution

2.1
Method of calculation used for the reference solution

The original reference solution given in the book [bibl] is based on a graphic estimate.
Thisreferenceis quoted in the handbook of checking of ANSYS [bib2].

2.2
Results of reference

Temperature along AB with R = 2.167 mm

2.3
Uncertainty on the solution

Unknown factor, it was not possible to get the original reference (delivers old, more published).

2.4 References
bibliographical

[1]

Schneider, P.J., “Conduction Heat Transfer”, Addison-Wesley Publishing Co., Inc. Reading,
Mass., 2nd Printing, 1957.

[2]

ANSYS, “checking manual”, 1st edition, June 1, 1976
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TPNA300 Tubes generating heat with variable conductivity
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Author (S):
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3 Modeling
With

3.1
Characteristics of modeling

AXIS (QUAD4, TRIA3)

y(2)

DC

0.003

X (R)
WITHEFGHIJKLB
Boundary conditions:
Node

R

Z

Points

Node

R

Z

(10-3m)

(10-3m)

(10-3m) (10-3m)

- dimensioned AB, CD: =0
N4

8.47

0.0

E

N6

8.47

3.0

- dimensioned AD, BC: T=-17.78°C
N7
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10.58
0.0

F

N9
10.58
3.0
N10
12.70
0.0

G
N12
12.70
3.0
N13
14.82
0.0

H
N15
14.82
3.0
N16
16.92
0.0

I

N18
16.92
3.0
N19
19.05
0.0

J
N21
19.05
3.0
N22
21.17
0.0

K
N24
21.17
3.0
N25
23.28
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0.0

L
N27
23.28
3.0

3.2
Characteristics of the grid

A number of nodes:
30
A number of meshs and types: 27: (9 QUAD4, 18 TRIA3)

3.3 Functionalities
tested

Orders

AFFE_MODELE
THERMICS
AXIS

ALL

DEFI_MATERIAU
THER_NL

AFFE_CHAR THER
TEMP_IMPO

SOURCE

THER_NON_LINE
TEMP_INIT
STATIONARY
“YES’

EXCIT
CHARGE

RECU CHAMP
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0.
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Author (S):
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4
Results of modeling A

4.1 Values
tested

| dentification Reference
Aster %

difference

tolerance

Temperature (°C)

N4
-5.00
-4.92
-1.70
5%

N7 2.22
2.06
-7.35
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5%

N10 5.56
5.57
0.10

5%

N13 6.67
6.60
-1.07

5%

N16 5.56
5.60
0.76

5%

N19 2.78
2.76
-0.71

5%

N22
-1.67
-1.93
15.30
5%

N25
-8.89
-8.63
-2.90
5%

N6
-5.00
-4.96
-0.87
5%

N9 2.22
2.04
-8.18
5%
N12 5.56
5.56
0.04
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5%
N156.67
6.60
-1.02

5%

N18 5.56
5.61
0.91

5%
N212.78
2.77
-0.26

5%

N24
-1.67
-191
14.24
5%

N27
-8.89
-8.61
-3.17

5%

4.2 Parameters
of execution

Version: 5.03

Machine: SGI - ORIGIN 2000 - R12000

Obstruction memory:
8 megawords
Time CPU To use: 2.24 seconds
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V4.41 booklet: Nonlinear stationary thermics of axisymmetric structures HT-66/02/001/A

Code Aster ®
Version
5.0
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5 Modeling
B

51
Characteristics of modeling

PLAN (QUADS, TRIA6)

Boundary conditions:

C

N294

N285

- dimensioned AB, CD: =0
N268

- dimensioned AD, BC: T=-17.78°C
N245

N214

y

N184

N160

N211 N204

N134

N181

N168

D

N149 N121

N117

N103

30°

X

In N60 N46 N33 N21 N13 N7 N2 N5 B

file:///Z|/processivalid/p2570.htm (12 of 23)9/28/2006 4:32:47 PM



file:/l1Z|/process/valid/p2570.htm

5.2
Characteristics of thegrid

A number of nodes:
300
A number of meshs and types: 95 (73 QUADS, 22 TRIAB)

5.3 Functionalities
tested

Orders

AFFE_MODELE
THERMICS
PLAN

ALL

DEFI_MATERIAU
THER_NL

AFFE_CHAR THER
TEMP_IMPO

SOURCE

THER_NON_LINE
TEMP_INIT
STATIONARY
“YES'

EXCIT
CHARGE

RECU_CHAMP
INST
0.
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6
Results of modeling B

6.1 Values
tested

| dentification Reference
Aster %

difference

tolerance

Temperature (°C)

N60
-5.00
-4.84
-3.194
5%

N46 2.22
2.14
-3.491
5%

N33 5.56
5.65
1.544
5%

N21 6.67
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6.66
-0.082
5%
N13 5.56
5.65
1.694
5%

N7 2.78
2.80
0.665
5%

N2
-1.67
-1.90
13.788
5%

N5
-8.89
-8.62
-3.089
5%

N134
-5.00
-4.84
-3.194

5%

N160 2.22
2.14
-3.491

5%

N184 5.56
5.65

1.543

5%

N214 6.67
6.66
-0.082

5%

N245 5.56
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5.65
1.694
5%
N268 2.78
2.80
0.665
5%
N285
-1.67
-1.90
13.737
5%
N294
-8.89
-8.62
-3.089
5%

N103
-5.00
-4.84
-3.141

5%

N117 2.22
2.15
-3.365

5%

N149 5.56
5.65

1.557

5%

N121 6.67
6.66
-0.078

5%

N168 5.56
5.65

1.694

5%

N181 2.78
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2.80
0.650
5%
N211
-1.67
-1.90
13.777
5%
N204
-8.89
-8.62
-3.075
5%

6.2 Parameters
of execution

Version: 5.03

Machine: SGI - ORIGIN 2000 - R12000

Obstruction memory:
8 megawords
Time CPU To use: 2.83 seconds
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7 Modeling
C

7.1
Characteristics of modeling

3D (HEXAS8, PENTAG)

Z

y
N134
N14
N51
N90
N171
.001
N151
N30
N68
N114
N3
30°
N19
N7
N37
N85
N61
N124
N220
N11
N43
N266
N22
N177
N102
N255
N67
N208
N150
Boundary conditions:
N291
N251
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- internal and external face
T=-17.78°C

- others

X

=0

N307

7.2
Characteristics of the grid

A number of nodes:
309
A number of meshs and types: 190 (144 HEXAS, 46 PENTAG)

7.3 Functionalities
tested

Orders

AFFE_MODELE
THERMICS

3D

ALL

DEFI_MATERIAU
THER_NL

AFFE_CHAR THER
TEMP_IMPO

SOURCE

THER_NON_LINE
TEMP_INIT
STATIONARY
“YES’

EXCIT
CHARGE
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RECU_CHAMP
INST
0.
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8
Results of modeling C

8.1 Values
tested

| dentification Reference
Aster %

difference

tolerance

Temperature (°C)

N22
-5.00
-4.90
-1.909
5%

N43 2.22
2.09
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-5.933

5%

N67 5.56
5.58
0.408

5%

N102 6.67
6.63
-0.561

5%

N150 5.56
5.62
0.993

5%

N208 2.78
2.77
-0.217

5%

N251
-1.67
-1.92
15.047
5%

N291
-8.89
-8.63
-2.960

5%

N14
-5.00
-4.90
-1.908
5%

N30 2.22
2.09
-5.933
5%

N51 5.56
5.58
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0.408
5%

N68 6.67
6.63
-0.561
5%

N90 5.56
5.62
0.993
5%
N1142.78
2.77
-0.217
5%
N134
-1.67
-1.92
15.047
5%

N151
-8.89
-8.63
-2.960
5%

N19
-5.00
-4.93
-1.440
5%

N37 2.22
2.16
-2.596
5%

N61 5.56
5.54
-0.274
5%

N85 6.67
6.65
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-0.260

5%

N124 5.56
5.60
0.705

5%
N1772.78
2.82

1.536

5%

N220
-1.67
-1.90
13.946
5%

N255
-8.89
-8.58
-3.474

2%

8.2 Parameters
of execution

Version: 5.03

Machine: SGI - ORIGIN 2000 - R12000

Obstruction memory:
8 megawords
Time CPU To use: 2.81 seconds
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9 Modeling
D

9.1
Characteristics of modeling

AXIS (QUADO)

y(2)

DC

0.003
WITHEFGHIJKLB
0.0025

X (R)

Boundary conditions:
Node

R

Z

Points

Node

R

Z

(10-3m)

(10-3m)

(10-3m) (10-3m)

- dimensioned AB, CD: = 0
N11

8.47

2.5
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E
N15
8.47
5.5

- dimensioned AD, BC: T=-17.78°C
N21
10.58
2.5

F
N25
10.58
5.5
N31
12.70
2.5

G
N35
12.70
5.5
N41
14.82
2.5

H
N45
14.82
5.5
N51
16.92
2.5

I

NS5
16.92
5.5
N61
19.05
2.5

J
NG5
19.05
5.5
N71
21.17
2.5
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K
N75
21.17
5.5
N81
23.28
2.5

L
N85
23.28
5.5

9.2
Characteristics of the grid

A number of nodes:
95
A number of meshs and types: 18 QUAD9

9.3 Functionalities
tested

Orders

AFFE_MODELE
THERMICS

3D

ALL

DEFI_MATERIAU
THER NL

AFFE_CHAR THER
TEMP_IMPO

SOURCE

THER_NON_LINE
TEMP_INIT
STATIONARY
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“YES’

EXCIT
CHARGE

RECU_CHAMP
INST
0.

Handbook of Validation
V4.41 booklet: Nonlinear stationary thermics of axisymmetric structures HT-66/02/001/A

Code Aster ®
Version
5.0

Titrate:

TPNA300 Tubes generating heat with variable conductivity
Date:

20/09/02

Author (S):

C. DURAND, E. SCREW, F. LEBOUVIER Clé

V4.41.300-A Page:
11/12

10 Results of modeling D

10.1 Values
tested

Relative variation %

Absolute deviation

| dentification Reference Aster difference
tolerance difference tolerance
Temperature (°C)
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N11
-5.00
-4.83
-3.333
5% 0.167 0.3
N212.22
2.15
-3.347
5%
-0.074
0.3
N315.56
5.65
1.551
5%
0.086
0.3
N416.67
6.66
-0.078
5%
-0.005
0.3

N51 5.56
5.65
1.694
5%
0.094
0.3
N612.78
2.80
0.663
5%
0.018
0.3

N71
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-1.67
-1.90
13.741
5%
-0.229
0.3
N81
-8.89
-8.62
-3.088
5% 0.2750.3

N15
-5.00
-4.83
-3.333
5% 0.167 0.3
N25 2.22
2.15
-3.347
5%
-0.074
0.3

N35 5.56
5.65
1.551
5%
0.082
0.3

N45 6.67
6.66
-0.078
5%
-0.005
0.3

N55 5.56
5.65
1.694
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5%
0.094
0.3
N65 2.78
2.80
0.663
5%
0.018
0.3
N75
-1.67
-1.90
13.741
5%
-0.229
0.3
N85
-8.89
-8.62
-3.088
5% 0.2750.3

10.2 Parameters
of execution

Version: 5.03

Machine: SGI - ORIGIN 2000 - R12000

Obstruction memory:

8 megawords

Time CPU To use: 2.44 seconds
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Version
5.0

Titrate:
TPNA300 Tubes generating heat with variable conductivity
Date:
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20/09/02
Author (S):
C. DURAND, E. SCREW, F. LEBOUVIER Clé

V4.41.300-A Page:
12/12

11 Summary of theresults

Four modelings give results whose certain values exceed the fixed tolerance
initially (5%):

- for modeling A (AXIS: QUAD4, TRIA3), the maximum changeis 15,3% and 4 values on
16 exceed the tolerance,

- for modeling B (PLANE: QUADS, TRIAG), the maximum changeis 13,8% and 3 values
on 24 exceed the tolerance,

- for modeling C (3D: HEXA8, PENTAG), the maximum change is 15% and 5 values on
24 exceed the tolerance,

- for modeling D (AXIS. QUAD9), the maximum changeis 13,7% and 4 values out of 16
exceed the tolerance.

These goings beyond of tolerance are observed for values close to 0.

Calculations were carried out in °C. Determination of the variation, by considering the temperaturesin °
F

(asin the reference solution), a maximum change very different from that obtained in °C gives

(3% instead of 15%).

Moreover, it was not possible to get the original reference (delivers of Kreith), quoted in
handbook of checking of ANSYS. Method of acquisition the reference solution (estimate
graph) and its uncertainty are thus not known.

Theresults are regarded as acceptable taking into account the points evoked above.

Thistest made it possible to test the taking into account a variable thermal conductivity within several
modelings. The principal orderstested are as follows:

- DEFI_MATERIAU associated with key word THER _NL, allowing to define the characteristics of one
material whose characteristics vary according to the temperature,

- THER _NON_LINE orders allowing the resolution of a thermal nonlinear problem

stationary or not.

Handbook of Validation
V4.41 booklet: Nonlinear stationary thermics of axisymmetric structures HT-66/02/001/A
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Organization (S: EDF/AMA, EDF/UTO/S S Delta CAD

Handbook of Validation
V4.42 booklet: Nonlinear stationary thermics of the linear structures
V4.42.300 document

TPNL300 - Unidimensional transfer of heat
with radiation

Summary:
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Thistest results from the validation independent of version 3 in nonlinear stationary thermics.
It isabout a linear problem 1D represented by two modelings, one planes, the other voluminal one.

The functionalities tested are as follows:

- plane thermal element,

-voluminal thermal element,

- limiting conditions: (imposed temperatures, radiation).

Theinterest of the test liesin the taking into account of the radiation.
Theresults are compared with those provided by NAFEMS.
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1

Problem of reference
1.1 Geometry

With

B

X
0.1m
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1.2
Properties of material

=55.6 W/m.°C
Thermal conductivity
C

=460 J/kg.°C
Specific heat

= 7850 kg/m3 Mass
voluminal

1.3
Boundary conditions and loadings

- temperature imposed on point a: MT = 726.85°C,

- exchange by radiation at point b:

- outside temperature = 26.85°C,

- = 0.98 emissivity,

- = 5.67x10-8 W/m 2 K4 (constant of Stefan-Boltzman).

1.4 Conditions
initial

Without object.

Handbook of Validation
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2
Reference solution

2.1
Method of calculation used for the reference solution

The reference solution isthat given in the card “ TEST n°2” of the tests of reference published by
NAFEMS,

2.2
Results of reference

Temperature at point b: T = 653.85°C

2.3
Uncertainty on the solution

Nonavailable on card NAFEMS.

2.4 References
bibliographical

[1]

NAFEMS (the National Agency for Finite Element Methods Standard and (the U.K.)): “ The
standard NAFEMS Benchmarcks ", TNSB rév 3, October 1990.
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3 Modeling
With

3.1
Characteristics of modeling

PLAN (TRIA3, QUAD4)

y
C

D

N55

0.02m

N53

N51

With

B

X

Boundary conditions:
- Dimensioned AD:

T = 726.85°C

- Dimensioned AB, CD: = 0
- Dimensioned BC.:
Text=26.85°C

= 0.98

3.2
Characteristics of thegrid

A number of nodes:
55
A number of meshs and types: 60: (20 QUAD4, 40 TRIA3)

3.3 Functionalities
tested
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Orders

AFFE_MODELE
THERMICS
PLAN

ALL

DEFI_MATERIAU
THER NL

AFFE_CHAR THER F
FLUX_NL
TEMP_IMPO

THER NON_LINE
TEMP_INIT
STATIONARY
VES

EXCIT
CHARGE

RECU_CHAMP
INST
0.
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4
Results of modeling A

4.1 Values
tested

| dentification Reference
Aster %

difference

tolerance

Temperature at the point B

in°C

N51 653.85
653.87
0.003

2%

N53 653.85
653.87
0.003

2%

NS5 653.85
653.87
0.003

2%

4.2 Parameters
of execution

Version: 5.03
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Machine: SGI - ORIGIN 2000 - R12000

Obstruction memory:

8 megawords

Time CPU To use: 2.64 seconds
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5 Modeling
B

51
Characteristics of modeling

3D (HEXAS)

Z

0.02m

y

N91

0.02m

N97
Boundary conditions:
X

N92
-faceX=0
T=726.85°C
N98
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-faceX=0.1
Text=26.85°C
= 0.98

- others faces
=0

52
Characteristics of the grid

A number of nodes:
99
A number of meshs and types. 40 HEXA8

5.3 Functionalities
tested

Orders

AFFE_MODELE
THERMICS
PLAN

ALL

DEFI_MATERIAU
THER NL

AFFE_CHAR THER F
FLUX_NL
TEMP_IMPO

THER NON_LINE
TEMP_INIT
STATIONARY
VES

EXCIT
CHARGE

RECU_CHAMP
INST
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6
Results of modeling B

6.1 Values
tested

| dentification Reference
Aster %

difference

tolerance

Temperature at the point B

in°C

N91 653.85

653.87
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0.003
2%
N92 653.85

653.87
0.003

2%

N97 653.85

653.87
0.003

2%

N98 653.85

653.87
0.003
2%

6.2 Parameters
of execution

Version: 5.03

Machine: SGI - ORIGIN 2000 - R12000

Obstruction memory:
8 megawords
Time CPU To use: 2.66 seconds
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7
Summary of theresults

Thistest isrecommended by NAFEMS (but with another type of grid).
Two modelings give very satisfactory results, the maximum change obtained is of
0.003%.

For modeling PLAN, in spite of the not-symmetry of the grid, one notes that the temperature with
nodes (points of observation) pertaining to the TRIA3 and the QUAD4 is identical.

The limiting condition of radiation was imposed via a nonlinear loading of flow (flow function
temperature). In this test the taking into account of the radiation is completely correct.

Thistest with licence to test order AFFE_CHAR THER F (associate with the operand FLUX_NL which
allows to affect a flow non_linéaire in the case of) modelings PLAN and 3D.

Handbook of Validation
V4.42 booklet: Nonlinear stationary thermics of the linear structures
HT-66/02/001/A

Code Aster ®
Version
5.0

Titrate:
TPNVO1 hollow Sphere: convection, radiation

Date:
20/09/02

file:/l1Z|/process/valid/p2590.htm (1 of 20)9/28/2006 4:32:48 PM



file:/l/Z|/process/valid/p2590.htm

Author (S):
C. DURAND, E. SCREW, F. LEBOUVIER Clé

V4.43.001-A Page:
1/8

Organization (S): EDF/AMA, EDF/UTO/S S Delta CAD

Handbook of Validation
V4.43 booklet: Nonlinear stationary thermics of the voluminal structures
V4.43.001 document

TPNVO1 - Hollow sphere: convection, radiation

Summary:
Thistest results from the validation independent of version 3 in nonlinear stationary thermics.
It isabout a voluminal problem represented by two modelings, one 3D, the other axisymmetric one.

The functionalities tested are as follows:
-thermal element 3D,

- axisymmetric thermal element,

- conditions limit convection and of radiation.

Theinterest of thetest liesin the taking into account of the radiation.
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Theresults are compared with an analytical solution on a test VPCS.
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1
Problem of reference

1.1 Geometry

Interior ray IH = 0.300 m
External ray Re=0.392 m
IH

With

B

O

R

Re

1.2
Properties of material

file:/l/Z|/process/valid/p2590.htm (3 of 20)9/28/2006 4:32:48 PM



file:/l1Z|/process/valid/p2590.htm

=40W/m°C
Thermal conductivity
C=1J/m3°C
Voluminal heat

1.3
Boundary conditions and loadings

- Internal Surface: radiation, = 0.6 (coefficient of gray body), T E
| =500.0°C,

- External Surface: convection, H

E

E =133.5W/m2°C, Te=20.0°C.

1.4 Conditions
initial

Without object.
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2
Reference solution
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2.1
Method of calculation used for the reference solution
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LNB

—mX X

573x108
4

W/m 2K (constant of Stefan) with T in °C

The temperatures of reference are obtained while solving numerically by the method of Newton
an equation of the 4th degree out of Ti obtained starting from the equations[ég 2.1-1] [éq 2.1-2] and

[6q2.1-3].

2.2
Results of reference

in a:

in b:
Temperatures
Ti=91.77°C
Te=71.22°C
Densities flux

| =11675. W/m2
E = 6838. W/m2

2.3
Uncertainty on the solution

Analytical solution.

2.4 References
bibliographical

[1]
Guide validation of the software packages of structural analysis. French company of
Mechanics, AFNOR 1990 | SBN 2-12-486611-7
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3 Modeling
With

3.1
Characteristics of modeling

3D (HEXAZ20, PENTA15, QUADS)

Z

y

N38

N463

30°

N46

N453

30°

N93

N440

Limiting conditions:
N145

N184

N443

- external face

H =133.5W/mz2°C
R
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T
| =0.3

ext. =20°C
N460

- internal face
=0.6

T

m8

ext. = 500°C
Re=0.392
m2

- other faces
=0

X

3.2
Characteristics of thegrid

A number of nodes:
465
A number of meshs and types: 96 (32 HEXAZ20, 64 PENTAL5)

3.3 Functionalities
tested

Orders

AFFE_MODELE
THERMICS

3D

ALL

DEFI_MATERIAU
THER_NL

AFFE_CHAR THER F
EXCHANGE
FLUX_NL
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THER_NON_LINE
TEMP_INIT
STATIONARY
“YES’

EXCIT
CHARGE

RECU CHAMP
INST
0.
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4
Results of modeling A

4.1 Values
tested

| dentification Reference
Aster %

difference

tolerance

Temperature (°C)
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N184 91.77
91.75
-0.026

1%
N14591.77
91.75
-0.026

1%
NO9391.77
91.75
-0.018

1%

N46 91.77
91.76
-0.016

1%
N3891.77
91.76
-0.016

1%

N460 71.22
71.21
-0.011

1%

N443 71.22
71.21
-0.011

1%

N440 71.22
71.21
-0.017
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1%

N453 71.22
71.21
-0.021

1%

N463 71.22
71.20
-0.022

1%

Density flux (W/m 2)

Net m8, N184
11675.

11677.

0.016

2%

Net m2, N460
6838.

6843.

0.076

2%

4.2 Remarks

The boundary condition of the radiation typeis provided in the form of a function of
temperature interpolated linearly between each point (one discretized the curvein 101 points).

4.3 Parameters
of execution
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Version: 5.03

Machine: SGI - ORIGIN 2000 - R12000

Obstruction memory:
8 megawords
Time CPU To use: 6.33 seconds
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5 Modeling
B

51
Characteristics of modeling

AXIS (TRIA6, QUADS, SEG3)

C

Limiting conditions:
N72

- dimensioned AB, CD
=0

D

- dimensioned BC
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H

133.5W/mz2°C
N55

Text

=20°C

N57

- dimensioned AD

0.6
Text
=500°C
N47
N35
N30
y
N25
N12
30°
m8
m2
N1
N16
With

52
Characteristics of the grid

A number of nodes:
73
A number of meshs and types: 24: (16 TRIA6, 8 QUADS)

5.3 Functionalities
tested

Orders
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AFFE_MODELE
THERMICS
AXIS

ALL

DEFI_MATERIAU
THER_NL

AFFE_CHAR THER F
EXCHANGE
FLUX_NL

THER_NON_LINE
TEMP_INIT
STATIONARY
“YES’

EXCIT
CHARGE

RECU CHAMP
INST
0.
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6
Results of modeling B

6.1 Values
tested

| dentification Reference
Aster %

difference

tolerance

Temperature (°C)

N191.77
91.75
-0.019

1%

N12 91.77
91.75
-0.018

1%

N30 91.77
91.75
-0.021

1%
N4791.77
91.75
-0.022

1%

N57 91.77
91.75
-0.020

1%
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N16 71.22
71.21
-0.017

1%

N25 71.22
71.21
-0.017

1%

N35 71.22
71.21
-0.016

1%

N55 71.22
71.21
-0.014

1%
N7271.22
71.21
-0.012

1%

Density flux (W/m 2)

Net m8, N1
1167/5.
11656.
-0.163

2%

Net m2, N16
6838.

6834.

-0.062

2%
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6.2 Remarks

The boundary condition of the radiation typeis provided in the form of a function of
temperature interpolated linearly between each point (one discretized the curve in 101 points).

6.3 Parameters
of execution

Version: 5.03

Machine: SGI - ORIGIN 2000 - R12000

Obstruction memory:
8 megawords
Time CPU To use: 2.63 seconds
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7
Summary of the results
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Theresults of reference provided by VPCS are incorrect. New results of reference have
summer determined starting from an analytical approach.

Theresults obtained are satisfactory. The maximum change s of:

- modeling A (3D: HEXA20, PENTA15): 0.026% for the temperature and of 0.076% for
flow,

-modeling B (AXIS: QUADA4, TRIA3): 0.022% for the temperature and of 0.16% for
flow.

The limiting condition of radiation was imposed via a nonlinear loading of flow (flow function
temperature). I n thistest the taking into account of the radiation is completely correct.

Thistest with licenceto test order AFFE_CHAR_THER F (associate with the operand FLUX_NL
which
allowsto affect a flow non_linéaire) in the cases of modeling AXISand 3D.
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Handbook of Validation
V4.61 booklet: Metallurgy
Document: V4.61.100

MTLP100 - Heating and hardening of an infinite bar
with square section

Summary:

The purpose of thistest isto provide a metallurgy calculation of reference, in postprocessing of an
evolutionary calculation of

thermics planes linear which one knows the analytical solution. More concretely, thistest validates
calculations

two-dimensional of linear thermics with conditions of exchange and provides values of reference for
the austenitic model of transformation to the heating, like for the model of decomposition of
austenite with cooling.

Handbook of Validation
V4.61 booklet: Hi-75/01/010/A metallurgy
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1
Problem of reference

1.1 Geometry
y

C

B

With

2L

O

X

2L

Infinite bar with square section:
side2L = 0,10 m
Co-ordinates of the points (in m):

With
B

C

o)

X 0.026
0.350
0.041 0.0
y 0.026
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0.350
0.0410.0

1.2
Properties of material

(Sted 16MND5)

CP = 5260000 J.m-3.°C1
= 335Wm1l.°C-1

Coefficients for the metallurgy:

“Sandard” TRC

AR3 = 830°C, alpha = -0.0306

MS0 = 400°C, AC1 = 724°C, AC3 = 846°C
1=0.034,3=0.034

Microhardness of the différenres metallurgical phases:

for ferrite D = 200. HV

for the pearlite D = 200. HV

for the bainite D = 300. HV

for martensite D = 400. HV

for austenite D = 100. HV

Handbook of Validation
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1.3
Boundary conditions and loadings

T=15°C

H=1675W.m-2.°C1

1.4 Conditions
initial

T (X,y, 0) = 700°C.
Zf (X,y,0)=0.7
Zb(X,y,0=0.3

Handbook of Validation
V4.61 booklet: Hi-75/01/010/A metallurgy
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Author (S):
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V4.61.100-C Page:
4/6

2
Reference solution

2.1
Method of calculation used for the reference solution

On the heating, one imposes a rise in uniform temperature of 700 on 900°C into 200 S

Analytical solution for thermal calculation (with cooling since 900°C).
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TXY, =Ky, T)(TXY)
0-T)+T

where;

—

1
N

nHo-—"———+H
o

With E
Xx AE
CP

cos
cosy

with | checking:

hL
I L

(
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tglL)=
500
and:

4sin(L

Have =

2L

I
sin(L
I

)

The values of reference for the metallurgical evolutions depend on the model and on
integration in time of the relations of behaviors. One does not have values of
reference.

The hardness of a material point depend on the metallurgical proportions of each phase, one
do not have values of reference.

2.2
Results of reference

(Thermal Calculation):

éemperature at the points A, B, C at the moment T = 300 S

.proporti on of bainite at the items A, B, C at the moment T = 410, 300 and 300 S respectively,
.proporti on of martensite at the points A, B, C at the moment T= 410 S

.proporti on of austenite at point A at the moment T = 30 Sand 140 S

hardness at the point O at themoment T= 30 S, 140 S 300 Sand 410 S
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2.3
Uncertainty on the solution

Lower than 1% with 30 modes for each nap.

2.4 References
bibliographical

[1]
F.P. INCROPERA, D.P. OF WITT, J. WILEY. Fundamentals of heat and mass transfer. Third
Edition. 1990.
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3 Modeling
With

3.1
Characteristics of modeling

Elements“PLANE” 2D

By reason of symmetry, one nets only one quarter of square section and onerefinesin X=Landy = L.
y
L
C
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B
With
O
L
X

Cutting:
5 meshs QUADS according to the x axis

5 meshs QUADS according to they axis

Boundary conditions:
onX=0andy=0

=0
onX=Landy=1L
-TN=(
HTXyT)-
T

Points of Gauss:
A:

net m13 point 1
B:

net m19 point 1
C:

net m19 point 3
Node:

O:

N1 node

3.2

Characteristics of thegrid

A number of nodes:

96

A number of meshs and types:
25 QUADS, 20 SEG3

3.3 Functionalities
tested
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Orders

Keys
DEFI_TRC HIST _EXT
VALE

[U4.23.05]
TEMP_MS
P

THRESHOLD

AKM

BKM

TPLM

DEFI_MATERIAU META THER TRC
[U4.23.01]

AR3

ALPHA AC1 AC3

MSD TAUX_1 TAUX_ 3

DURT META
F_DURT
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P DURT

B_DURT

M_DURT

A DURT
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THER LINEAIRE OPTION
“META_ELGA_TEMP’
[U4.23.05]

TEMP_INIT

META_INIT

CALC_ELEM OPTION “ DURT_ELGA META”

[U4.61.02]
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“DURT_ELNO_META"

3.4 Remarks

165 steps of calculation from 0 to 410 S(40 stepsof 5 S then 40 steps of 1 S, then 85 stepsof 2 S).

4
Results of modeling A

4.1 Values
tested

| dentification Sizes
Reference

Aster %

difference
T=30SM13(PG1) P
0.0489

0.0489

1.64 106 absolute
T=140SM13 (PG1) P
0.9505

0.9505

4.10 105 absolute
T=300SM13 (PG1) TPG
464.1

464.37

0.058

T=300SM19 (PG1) TPG
338.5

338.79

0.086

T =300 SM19 (PG3) TPG
245.4

245.68

0.116

T=410SM13 (PG1) ZB

0.7828
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T = 300 SM19 (PG1) ZB
0.5873
T = 300 SM19 (PG3) ZB
0.3113
T = 410 SM13 (PG1) ZM
0.2156
T = 410 SM19 (PG1) ZM
0.4103
T = 410 SM19 (PG3) ZM
0.6846

T=30SN1
HV

223.643

T=140SN1
HV

106.430

T=300SN1
HV

100.000

T=410SN1
HV

308.248

TPG:

temperature at the point of GAUSS
ZB:

proportion of bainite,
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ZM:.

proportion of martensite,
P:

proportion of austenite.
HV

hardness of Vickers

4.2 Parameters
of execution

Version: 5.00.15

Machine: SGI - Origin 2000

Obstruction memory:
64 Mo

Time CPU To use:
31.54 seconds

5
Summary of theresults

The temperatures calculated at points A, B and C are obtained with a margin of 0.1%. Proportions
of austenite are perfectly given.

The proportions of bainites, martensite and the cal culation of hardness are results allowing of
to check nonthe regression of the Code (not of reference solution).
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Author (S):

file:///Z)/process/valid/p2600.htm (12 of 22)9/28/2006 4:32:48 PM



file:/l/Z|/process/valid/p2600.htm

Fe WAECKEL, G. DEVESA Key

V5.01.100-C Page:
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Organization (S): EDF/RNE/AMV

Handbook of Validation
V5.01 booklet: Nonlinear dynamics of the discrete systems
V5.01.100 document

SDND100 - To release of a rubbing shoe
with friction of the Coulomb type

Summary

One considers the one-way system with a degree of freedom made up of a massin rubbing contact of
type

Coulomb on arigid level, and of a spring attaching it to a fixed point. The massisreleased in a
position

initial except balance. It oscillates until the complete stop at the end of a finished time.

Thefirst two modelings correspond to the transitory response by modal recombination of the shoe
rubbing, the third corresponds to its direct transitory answer. Three calculations are compared with
the solution

analytical.

Handbook of Validation
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1
Problem of reference

1.1 Geometry

Direction of displacement: = 45° in plan XY

1.2
Material properties

Stiffness of the spring:
K =10.000 N/m
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Specific mass:

m=1Kkg

Gravity:

G=10m/s2

Coefficient of Coulomb:
H=0,1

1.3
Boundary conditions and loadings

The system rests on the plan Z = 0 on which it can slip with a coefficient of friction of
Coulombof p=01

1.4 Conditions
initial

I nitial displacement of the mass: rO = 0,85 mm according to the direction.
Null initial speed.
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2
Reference solution
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2.1
Method of calculation used for the reference solution

For a system without damping, the differential equation to solve iswritten:

m
r& + KR=p F with F =- mgsign (R
N

N

&)

R

(T=)

0=RO

0

R

& (T =)
0=0

It isshown [bibl] that the solution of the differential equation iswritten:

M F
M F
RT
N

pd

The amplitude of the extrema, which all comethetn+ =
1

, obeys the law of following recurrence:

0
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M F
R

(T

N
)=(-)
1

1R
N

0
cosT
n+

K
0

R(T

)

UF
with N =,
12,....,NR
n+1

N

such as
<

R
KR

0
0

R(T

)

UF

+

The movement stops when
N1

N
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<

with the position R (T
)

R

KR

n+1.

0

0

2.2
Results of reference

Values of displacementsin the direction for the moments of change of sign speed
(R(M,RM),...., R(T

1

2

5) established above).

2.3
Uncertainty on the solution

Analytical solution.

2.4 References
bibliographical

[1]

F. AXISA - Methods of analysisin nonlinear dynamics of the structures: non-linearities of
contact - Course I PS| of the 28 at May 30, 1991
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3 Modeling
With

3.1
Characteristics of modeling

An element of thetype DIS T on a mesh POI 1 is used to model the system.
Conditions of relations between degrees of freedom are employed to force the movement to be
one-way in the direction:

LIAISON_DDL: (NODE: NO1
DDL

( DX”
“DY")

COEF_MULT

(0.707
-0.707)

COEF_IMPO

0.)

An obstacle of the type PLAN_Z (two parallel plans separated by a play) is used to simulate the plan
of dlip. One chooses to take for generator of this plan axis QY, that isto say NORM_OBST: (0.,
1.,0.). Theorigin of the obstacleisORIG_OBST: (0., 0., 1.). It remainsto defineits play which
givesit

half-spacing entersthe plans.

So that thereisa force of reaction of the plan on the system it is necessary that thislast is slightly
inserted in the plane obstacle of adistance N such as: F =K N

N

N.

LikeF

Mg

N =
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, one hasthen N = Mg/kN.

One considered a normal stiffness of shock of 20 N/m (fictitious stiffness which has direction only for
to generate a force of reaction of the plan on the system), one thushasN = 0,5. Obstacle PLAN_Z
having

for origin Z = 1 and the solid being in Z = 0; a play of 0,5m will create a depression N = 0,5 m from
where

PLAY: 0.5

Tangential stiffness of shock: KT =400.000 N/m: itislargein front of the stiffness of the oscillator
so that the phase of stop is modelled correctly.

No thetime used for temporal integration: 5.104s.

3.2
Characteristics of thegrid

A number of nodes: 1
A number of meshs and types: 1 POI1

3.3 Functionalities
tested

Orders

AFFE_CHAM_NO SIZE
“DEPL_R’
PROJ_VECT_BASE VECT_ASSE

PROJ MATR_BASE MATR_ASSE

STANDARD DEFI_OBSTACLE

“PLAN_Y”

“PLAN_Z"

DYNA_TRAN_MODAL DEPL_INIT_GENE

METHOD
“EULER”
REST_BASE_PHYS SHOCK

Handbook of Validation
V5.01 booklet: Nonlinear dynamics of the discrete systems
HT-62/01/012/A
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4
Results of modeling A

4.1 Values
tested

Values of displacements (in meters) in the direction for the moments of change of sign
speed over the period of time (0; 0.3 S).

| dentification moment

(S) Reference Displacement difference %
Aster

DY =r2 co45

X 102 4.596E4 4.595E4 0.02
DY =r3 co45

2 X 102 3.182E4 3.181E4 0.045
DY =r4 cos45

3X 102 1.768E4 1.767E4 0.07
DY =r5 cos45

4 X 102 3.536E5 3.550E5 0.41

One presents Ci below the evolution of displacement and speed at point NO1

Displacement of point NO1
Speed of point NO1
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4.2 Parameters
of execution

Version:
STA5.02

Machine;
SGI ORIGIN2000

Time CPU To use:
2.21 seconds

Handbook of Validation
V5.01 booklet: Nonlinear dynamics of the discrete systems
HT-62/01/012/A
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5 Modeling
B

51
Characteristics of modeling

In modeling B, one regards the shoe and the plan as two mobile structures. Each

structure is then modelled by a node and an element of the type POI 1. Node NO2 is supposed
blocked, it materializes the plan of friction. One imposes conditions of relations between degrees of
freedom with the node NO1 (which models the shoe) so that the movement is one-way in

direction.

LIAISON_DDL: (NODE: NO1
DDL

(“ DX’

“DY")

COEF_MULT

(0.707
-0.707)

COEF_IMPO

0.)

An obstacle of the type BI_PLAN_Z (two mobile parallel plans separated by a play) is used for
to simulate the dlip surface. One chooses to take for generator of this plan axis OY, that isto say
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NORM_OBST: (0., 1., 0.). By defect, the origin of the obstacle is located at semi distance from the
nodes

NO1 and NO2. It remains to define parameters DIST 1 and DIST_2 which represent the thickness of
matter around the nodes of shock.

So that there is a force of reaction of the plan on the systemiit is necessary that thislast is slightly
inserted in the plane obstacle of adistance Nsuchas. F= KN

N

N.

Like F

Mg

N =

, one has then N = Mg/kN.

One considered a normal stiffness of shock of 20 N/m (fictitious stiffness which has direction only for
to generate a force of reaction of the plan on the system), one thus has N = 0,5 Mr. Knowing that both
nodes NO1 and NO2 are geometrically confused, one chooses for example DIST 1= DIST 2=

N /2.

Tangential stiffness of shock: KT = 400.000 N/m: it islargein front of the stiffness of the oscillator
so that the phase of stop is modelled correctly.

No the time used for temporal integration: 5.104 S
52

Characteristics of thegrid

A number of nodes. 2

A number of meshs and types: 2 POI1

5.3 Functionalities

tested

Orders

AFFE_CHAM_NO SIZE
“DEPL_R’
PROJ VECT BASE VECT ASSE

PROJ_MATR_BASE MATR_ASSE

STANDARD DEFI_OBSTACLE
“Bl_PLAN Z’
DYNA TRAN_MODAL DEPL_INIT_GENE
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METHOD
“ EULER’

SHOCK

NOEUD 1

NOEUD 2

REST BASE_PHYS
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6
Results of modeling B

6.1 Values
tested

Values of displacements (in meters) in the direction of the oscillator for the moments of
change of sign speed over the period of time (0; 0.3 S).

| dentification moment

(S) Reference Displacement
difference %

Aster

DY = r2 cos45

X 102 4.596E4 4.595E4 0.02
DY = r3 cos45

2 X 102 3.182E4 3.181E4
-0.029
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DY = r4 cos45
3 X102 1.768E4 1.767E4 0.018
DY = r5 cos45
4 X 102 3.536E5 3.543E5 0.205

6.2 Parameters
of execution

Version:
STA5.02

Machine:
SGI ORIGIN2000

Time CPU To use;
2.3 seconds
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7 Modeling

C

7.1

Characteristics of modeling
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This modeling corresponds to the direct transitory response of the rubbing shoe.

The normal direction of contact is the local axis X which corresponds in the case test to total axis Z. It
slip surfaceisthelocal plan (Y, Z) that isto say the plan (X, Y) in the total reference mark. One thus
directs

the element of shock to a node, with the key word ORIENTATION of operator AFFE_CARA ELEM of
following way:

ORIENTATION: (MESH: EL1 CARA: “VECT X_Y’
VALE: (0.0.-1.0.1.0.))

To be able to obtain a force of reaction of the plan on the systemit is necessary that thislast is dlightly
inserted in the plane obstacle of adistance N suchas. F= KN

N

N.

The reaction balances the weight of the shoe, one thus has. F

Mg

N =

i.e. N = Mg/kN.

One considered a normal stiffness of shock of 20 N/m (fictitious stiffness which has direction only for
to generate a force of reaction of the plan on the system), one thushas N = 0,5 fromwhere DIST 1=
0.5.

The tangential stiffness of shock considered is KT = 400.000 N/m, the coefficient of Coulomb is worth
0,1.

The law of behavior of shock is thusin the following way defined in DEFI_MATERIAU:

DIS CONTACT: (RIGI_NOR: 20.
DIST 1: 0.5

RIGI_TAN: 400000.

COULOMB: 0.1)

One uses a step of times of 5.104 Sfor temporal integration.

7.2
Characteristics of thegrid

A number of nodes: 1
A number of meshs and types: 1 POI1

7.3 Functionalities
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tested

Orders

DEFI_MATERIAU DIS CONTACT

AFFE_CARA ELEM ORIENTATION
VECT X_ Y
AFFE_CHAR MECA LIAISON DDL

AFFE_CHAM_NO

DYNA NON_LINE ETAT_INIT DEPL_INIT

COMP_INCR
RELATION
DIS CHOC
HHT

RECU_FONCTION
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8
Results of modeling C

8.1 Values
tested

Values of displacements in the direction of the oscillator for the approximate moments of
change of sign speed over the period of time (0; 0.2 S).

| dentification moments
(S) Reference
displacement
difference %
Aster

DY = r2 cos45

X 102 4,585E04
4,58552E04 0,011
DY = r3 co45

2 X102 3,173E04
3,17331E04 0,01
DY = r4 cos45

3 X102 1,754E04
1,75481E04 0,046
DY = r5 cos45

4 X 102 3,550E05
3,54945E05 0,016

8.2 Parameters
of execution
Version:
STA5.02
Machine:

SGI ORIGIN2000

Time CPU To use;
94 seconds

Handbook of Validation
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9
Summary of the results

The analytical solution of the problem with friction is reproduced with a very good precision
(<0.5%). That asks for nevertheless the use of a parameter of tangent stiffness raised enough by
report/ratio with the rigidity of the system as well as a step of relatively reduced time of integration.
On this example, direct nonlinear calculation is much more expensive in computing times, factor
20, that that on modal basis.
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1/6

Organization (S): EDF/RNE/AMV

Handbook of Validation
V5.01 booklet: Nonlinear dynamics of the discrete systems
V5.01.101 document

SDND101 - To release of a system masses spring
with shock

Summary

This problem correspondsto a transitory analysis by modal recombination of a nonlinear discrete
system

with a degree of freedom. Non-linearity consists of a contact with shock on arigid level. The massis
launched

with a nonnull initial speed against the obstacle. The initial play between the material point and the
obstacleisnull. It

problem makes it possible to test the postprocessing of the forces of impact: velocity impact, duration
of shock...

Handbook of Validation

V5.01 booklet: Nonlinear dynamics of the discrete systems

HT-62/01/012/A
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1
Problem of reference

1.1 Geometry

K

m
Kchoc
.Uo

1.2
Properties of materials

The system consists of a mass m and a spring of stiffness K. The thrust of shock has a stiffness
equalize in Kchoc.

Mass

m =100 kg

Stiffness

K =104 N/m

Normal rigidity of shock
Kchoc = 106 N/m

1.3 Conditions
initial

The systemiisinitially in position at rest (U0 = 0) and has an initial speed &
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U0 > 0. One
will choose for the application an initial speed &
UO=1m/s.
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2
Reference solution

2.1
Method of calculation used for the reference solution

During the phase of impact, the system is solution of the differential equation:

mu& +ku+KU+=0withU=0and U

=U

OO OO

X + indicates the positive value of X.

The analytical solution of thisproblemis:

U&
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K+ K
U=

Speed is cancelled for tu& ==

0

2.

C

U&

The force of shock isthen maximum and isworth F
=KU(T

)=K

0

max
C

u&=0

C.

C

By construction, the duration of the shock isworth T
=2t

shock

u&=0.

The system returnsto the position U = 0 with speed - &
UO.

In thefield U < the 0 system has as an equation m.u& + k.u = 0 with for initial conditions
ul=0and&ul=-&

U.

0

U&

K

0
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ItssolutionisU = -
if (

N .t

0

) where =

0

m
0

Speed iscancelled for: T

u&=0

2.

0

By construction, the time of coasting flight isworth: Tvol = 2t u&=0.

The system is thus periodic with alternatively a phase of time of shock of Tchoc duration where
the system describes an arch of sinein thefield of U > 0 and one phase of coasting flight of duration
Tvol where the system describes an arch of sinein thefield of U < 0.

Tchoc

U&

2muU

0

&

The impulse with each impact isworth: | =
KU (T)dt=2K

NS IO O

= OOX

file:///Z|/process/ivalid/p2610.htm (13 of 19)9/28/2006 4:32:49 PM



file:/l1Z|/process/valid/p2610.htm

2.2
Results of reference

Theresultstaken for reference are the values of the moments of maximum force, the value of force
maximum, duration of the time of shock, the value of the impulse and impact speed as well as
impact elementary for the first two oscillations of the system numbers.

2.3
Uncertainty on the solution

Analytical solution.

2.4 References
bibliographical

[1]

G.JACQUART: Postprocessing of calculations of heart and interns REFERENCE MARK under
request

seismic - HP-61/95/074/A.
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3 Modeling
With

3.1
Characteristics of modeling
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The system mass-arises is modelled by an element of the type POI 1 to node NOL. It isfixed with
to move according to axis X. Node NOL1 is positioned out of O = (0. 0. 0.).

An obstacle of the type PLAN_Z (two parallel plans separated by a play) is used to simulate them
possible shocks of the system mass-arises against arigid plan. One chooses to take axis OY for
normal in the plan of shock, isNORM_OBST: (0., 1., 0.). Not to be obstructed by the rebound of
the oscillator on the symmetrical level, one very pushes back this onefar (cf [Figure. 3.1-a]). One
thus chooses

to locate the origin of the obstaclein ORIG_OBS: (- 1. 0. 0.).

Yloc

PLAY

K

m

Zloc

X
ORIG_OBS
NO1
(-1,0,0)

U0 (0,0,0)
Appear 3.1-a: Modelled geometry

It remains to define the parameter PLAY which gives the half-spacing between the plansin contact.
One

wish here a play real no one, from where PLAY: 1. If onewishesareal play of J, it isnecessary, in
the case of figure

presented, to impose PLAY: 1+ J.

Temporal integration is carried out with the algorithm of Euler and a step of times of 5.10-4 S. All
them

no calculation arefiled. It isconsidered that damping reduces| for the whole of the modes
calculated isnull.

3.2
Characteristics of thegrid

The grid consists of a node and a mesh of the type POI 1.

3.3 Functionalities
tested

Orders
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Keys Doc. V5

“MECHANICAL” AFFE_MODELE
“DIST_T”

[U4.41.01]

DISCRETE AFFE_CARA ELEM

M T D N

[U4.42.01]

KT DN

AFFE_CHAR MECA DDL_IMPO

[U4.44.01]
MODE_ITER_INV OPTION
NEAR

[U4.52.04]

AFFE_CHAM_NO SIZE
“DEPL_R’

[U4.44.11]

PROJ VECT BASE VECT _ASSE

[U4.63.13]
PROJ_MATR_BASE MATR_ASSE

[U4.63.12]

STANDARD DEFI_OBSTACLE
“PLAN_Z”

[U4.44.21]

DYNA_TRAN_MODAL ETAT INIT
VITE_INIT_GENE

[U4.53.21]
SHOCK

POST_DYNA_MODA_T RESU_GENE

[U4.84.02]
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SHOCK
OPTION
“IMPACT”
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4
Results of modeling A

4.1 Values
tested

For thefirst two shocks, one compares with the analytical values the computed values of the moment
where the impact occurs, of the maximum force of shock, the time of shock, the impulse and speed
of impact. One also tests the value of the absolute extremum force of impact.

First shock:

Time (S

Reference

Aster %

difference

INST 1,5630E02
1,55000E02

-0,832

F_MAX 9,9500E+03
9,95269E+03 0,027
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T_CHOC 3,1260E02 3,15000E02 0,768
IMPULSE 1,9805E+02 1,98093E+02
0,022

V_IMPACT 1.

1,00031E+00

0,031

Second shock:

Time (S)

Reference

Aster %

difference

INST 3,6100E01
3,61000E01

0

F_MAX 9,9500E+03
9,95478E+03

0,048

T CHOC 3,1260E02
3,15000E02

0,768

IMPULSE 1,9805E+02
1,98093E+02

0,022

V_IMPACT 1,0000E+00
1,00031E+00

0,031

Time (S)

Reference

Aster %

difference
F_MAX_ABS 9,95E+03
9,95478E+03

0,048

4.2 Parameters
of execution

Version: STA 5.02
Machine: SGI Origin 2000
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Time CPU to use: 2,2 seconds
Handbook of Validation

V5.01 booklet: Nonlinear dynamics of the discrete systems
HT-62/01/012/A

file:/l1Z|/process/valid/p2610.htm (19 of 19)9/28/2006 4:32:49 PM



file:/l1Z|/process/valid/p2620.htm

Code Aster ®
Version
5.0

Titrate:
SDND101 Lacher of a system masses spring with shock

Date:

30/08/01

Author (S):

Fe WAECKEL, G. JACQUART Key

V5.01.101-B Page:
6/6

5
Summary of the results

One notes, on the whole of the sizes, a very good agreement with the produced analytical solution.
The sizes the |least best represented are the duration of shock and the moment of shock (to better than
1%

however). This problem s not related on the precision of calculation but to the only fact that a step of
time

of integration of 5.10-4 SA. be selected what over durations as short as 0,03 S produces already one
temporal inaccuracy of 1,66%. To supplement this synthesis, one could carry out a test of

conver gence by decreasing the step of calculation.
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SDND102 - Seismic response of a system
mass-arises nonlinear multimedia

Summary

The problem consists in analyzing the response of a mechanical structure, modelled by two systems
mass-arises not deadened, subjected to a seismic loading of harmonic type, with possibility of shock.

Onetests the discrete element in traction and compression, the calculation of the clean modes and the
static modes, it

calculation of the transitory response by nonlinear modal recombination of a structure subjected to
one

accélérogramme (modeling A) as well as the calculation of the direct transitory seismic response of a
structure

nonlinear (modeling B).

This casetest is also used to validate a calculation with explicit resolution on accelerations and shock
(modeling C)

by comparing the results resulting from DYNA _NON_LINE and DYNA _TRAN_EXPLI.

Theresults obtained are in very good agreement with the results of reference.
Handbook of Validation
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1
Problem of reference

1.1 Geometry

One compares the seismic response of a system mass-arises with a degree of freedom which can
impact

a fixed wall (problem 1) with that of two systems mass-arises identical being able

entrechoquer and subjected to the same seismic request (problem 2).

PP P X33AXOWS
=
=
3

Problem 1
Problem 2
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1.2
Material properties

Stiffness of the springs: K = 98696 N/m.
Specific mass: m = 25 kg.

For problem 1 (impact on arigid wall), the normal rigidity of shock isworth Kchoc = 5,76 107 N/m.
Asfor problem 2 (shock of two deformable structures), it isworth Kchoc = 2,88 107 N/m.
In both cases, the damping of shock is null.

1.3
Boundary conditions and loadings

Boundary conditions

Only authorized displacements are the translations according to axis X.
Thepoints A, B and C are embedded: dx =Dy =dz=0.

Loading

The points of anchoring A and B are subjected to an acceleration according to direction X: 1 (T) =
sinT
with = 20. sl and the point C with an acceleration 2 (T) =-sin T.

1.4 Conditions
initial

In both cases, the systems mass-arises are initially at rest:

with T = 0, dx (0) =0, dx/dt (0) = 0 in any point.

For problem 1, the mass is separated from the fixed wall of the play J = 5. 104 Mr. Asfor problem 2,
the masses are separated fromthe play J= 2 J = 103 Mr.
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2
Reference solution

2.1
Method of calculation used for the reference solution

It is a question of comparing the response of a symmetrical system consisted two systems mass-arises
identical to the response of a system mass-arises. Two problems, explained in detail in
reference [bib2], are requested by same the accél érogramme.

One calculates the Eigen frequenciesinitially fi, the standar dized associated clean vectors

compared to modal mass Ni and the static modes of the system (analytical values). One

calculate then the generalized response of the system multimedia while solving analytically
theintegral of Duhamel [bibl]. Lastly, one restores on the physical basis the relative displacement of
the nodes

of shock what allows us, after having calculated the field of displacements of drive, of

to calculate the field of absolute displacements.

One calculates the definite function diff as being the difference between absol ute displacement of the
node

shocking on a mobile obstacle and that of the node shocking on a fixed obstacle. It is checked that it is
quite null for various moments.

2.2
Results of reference

Displacements relating and absol ute to the nodes of shock.

2.3
Uncertainty on the solution

Comparison between two equivalent modelings.
2.4 References
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3 Modeling
With

3.1
Characteristics of modeling

The systems mass-arises are modelled by discrete el ements with 3 degrees of freedom DIS T.

Modeling of problem 1:

Yloc
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orig_

m

nol

no2

1

Appear 3.1-a: Modeling of a system mass-arises impacting a rigid wall

The node nol is subjected to an imposed acceleration 1 (T). One calculates the rel ative displacement of
the node

no2, its displacement of drive and its absol ute displacement.

An obstacle of the type PLAN_Z (two parallel plans) is retained to simulate the impact of the system
mass-arises on arigid wall. The normal in the plan of shock isaxis Z, NORM_OBST: (0. 0.

1.). Not to be obstructed by the rebound of the oscillator on the symmetrical level, one pushes back this
one

very far (cf [Figure 3.1-a]).

Fromwhere;

-the origin of obstacle ORIG_OBST: (1. 0.0.) ;

-and play corresponding play: 1.1005

Modeling of problem 2:

Y
dist_1
dist_2

3 3IXXXGC

NO1
NO2
NO3
NO4
1

2= -1

Appear 3.1-b: Modeling of two systems mass-arises which are entrechoguent

Node NOL1 is subjected to an imposed acceleration 1 (T), node NO4 to 2 (T) = 1 (T). One calculates
the relative displacement of nodes NO2 and NOS3, their displacement of drive and their displacement
absolute.
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The conditions of shock between the two systems mass-arises are simulated by an obstacle of the type

Bl _PLAN_Z (plane obstacle between two mobile structures). The normal in the plan of shock is selected
according to axis Z, that isto say NORM_OBST: (0. 0. 1.).

The thicknesses of matter surrounding the nodes of shock in the direction considered are specified

by operands DIST 1 and DIST 2. In the treated case, one chooses DIST 1 = DIST_2 = 0.4495 for

that at the initial moment, the two nodes of shock are separated fromthe play J = 2 J = 103 mm (cf
[Figure 3.1-

Bl).

Temporal integration is carried out with the algorithm of Euler and a step of times of 2,5. 104s.
calculations arefiled all the 8 steps of time.
One considers a reduced damping of 7% for the whole of the calculated modes.

3.2
Characteristics of thegrid

One calls model the grid associated with the problem made up of a system mass-arises butting
against a fixed wall and bichoc that which is associated problem 2.

Grid associated with the model model:

a number of nodes: 2;
a number of meshs and types: 1 DIS T.

Grid associated with the model bichoc:

a number of nodes: 4;
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a number of meshs and types: 2DIS T.
3.3 Functionalities

tested

Orders

AFFE_MODELE GROUP_MA

“* MECHANICAL”

“DIS T

DISCRETE AFFE_CARA_ELEM GROUP_MAM_T D_N
GROUP_MA

KTDL

AFFE_CHAR MECA DDL_IMPO

GROUP_NO
MACRO MATR ASSE

MODE_ITER_SMULT METHOD
JACOBI

CALC_FREQ
BANDAGE

NORM_MODE NORMALIZES
MASS GENE

MODE_STATIQUE DDL_IMPO

CALC_CHAR_SEISVE MONO_APPUI

MULTI_APPUI

MACRO_PROJ BASE

DEFI_OBSTACLE PLAN_Z

BI_PLAN Z
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DYNA_TRAN_MODAL EXCIT
MULT_APPUI

11 YES!

AMOR_REDUIT

METHOD
EULER

REST_BASE PHYSMULT_APPUI
11 YES!

RECU_FONCTION RESU_GENE
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4
Results of modeling A

4.1
Values tested of modeling A

One calculates the definite function diff as being the difference between absol ute displacement of the
node
NO2 and that of the node no2. And it is checked that it is quite null for various moments.

Time (S
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Reference
Aster
Absolute error
0,10,0
5,8884E-07
5,89E-07
0,30,0
1,8891E-06
1,89E-06
0,50,0
1,5586E-07
1,56E-07
0,70,0
1,8213E-06
1,82E-06
10,0
1,7231E-06
1,72E-06

One also tests the value of the absol ute displacement of node NO2 for various moments.

Time (S

Reference

Aster

Absolute error
(problem 2)

0,05 3,58082E-04
3,5808E-04
1,71E-10

0,156 1,22321E-04 1,2232E-04
4,72E-10

0,25 1,8876E-04 1,8876E-04
1,96E-11

0,4 1,89772E-04
1,8977E-04
1,22E-10

0,5 6,84454E-05
6,8445E-05 4,72E-11
0,8 1,11982E-04
1,1198E-04
1,71E-11

0,9 1,20103E-04
1,2010E-04
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1,37E-10
11,071/8E-04
1,0718E-04
3,31E-10

One represents Ci below the pace of displacements relating and absolute to node NO2:

Absolute displacements
Relative displacements
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5 Modeling
B

51
Characteristics of modeling

The systems mass-arises are modelled, asin modeling A, by a discrete element with
3 degrees of freedomDIS T.

Modeling of problem 1.
Y

Play

dist 1

file:/l/Z)/procesg/valid/p2620.htm (12 of 17)9/28/2006 4:32:49 PM



file:/l/Z|/process/ivalid/p2620.htm

K

m
NO1
NO2
1
eml

Appear 5.1-a: Modeling of a system mass-arises impacting a rigid wall

Node NOL1 is subjected to an imposed acceleration 1 (T). One calcul ates the relative displacement of the
node

NQO2, its displacement of drive and its absol ute displacement.

An element of the type DIST_T on a mesh POI1 isretained to simulate the impact of the beam on one
rigid wall: the possible shocks between the beam and the obstacle are taken into account as being
forces intern with this element. One affects to him a nonlinear behavior of type shock (stiffness) via
law of behavior DIS CONTACT of order DEFI_MATERIAU.

The thickness of matter surrounding the node of shock in the direction considered is specified by
operand DIST 1 of order DEFI_MATERIAU. In the treated case, one chooses DIST 1 = 0.4495

and PLAY = 0.45 so that at the initial moment, the node of shock and the obstacle are separated from
theplay J= 5. 104

mm (cf [Figure 5.1-a]).

The seismic loading, due to imposed displacements of node NOL, is calculated by the operator
CALC_CHAR_SEISME. One creates then a concept charges starting from operand VECT _ASSE of
order AFFE_CHAR_MECA.

One uses the diagram of integration of NEWMARK of DYNA NON_LINE with a step of times of 103 S
and default settings.

Modeling of problem 2:

Y
dist_1
dist_2

3 3IXXXGC

NO1
NO2
NO3
NO4
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1
2= -1

Appear 5.1-b: Modeling of two systems mass-arises which are entrechoguent
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Node NOL1 is subjected to an imposed acceleration 1 (T), node NO4 to 2 (T) = 1 (T). One calculates
displacements relative and absolutes of nodes NO2 and NO3, their displacement of drive and them
absol ute displacement.

The possible shocks between the two beams are taken into account as being internal forces with one
element with two nodes. One assigns to this element a nonlinear behavior of type shock (stiffness)
via key word RIGI_NOR of the law of behavior DIS CONTACT of order DEFI_MATERIAU.

The normal direction of contact isthe local axis X of the discrete element with two nodes.

The thicknesses of matter surrounding the nodes of shock in the direction considered are specified

by operands DIST 1 and DIST 2 of order DEFI_MATERIAU. In the treated case, one

DIST_1 chooses= DIST_2 = 0.4495 so that at the initial moment, the two nodes of shock are separate
playJ= 2. J= 103 m(cf [Figure5.1-a]).

The seismic loading, due to imposed displacements of anchorings (node NO1 and NO4, is
calculated by operator CALC_CHAR_SEISME. One creates a concept charges starting from the
operand

VECT_ASSE of order AFFE_CHAR _MECA.

Temporal integration is carried out with the algorithm of Newmark and a step of times of 103 S. Them
calculations arefiled all the 8 steps of time.
One considers a reduced damping of 7% for the whole of the cal culated modes (key word
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AMOR _MODAL of operator DYNA NON_LINE).
52

Characteristics of thegrid

The grid associated with the model bichoc consists of 4 nodes and 3 meshs of the type DIS T.
5.3 Functionalities

tested

Orders

AFFE_MODELE GROUP_MA

“MECHANICAL”

“DIS T

DISCRETE AFFE_CARA ELEM

GROUP_MAM_ T D_N

GROUP_MA

KTD L

DEFI_MATERIAU DIS CONTACT
DIST 1

DIST 2

PLAY

AFFE_CHAR MECA DDL_IMPO GROUP_NO
VECT ASSE

MODE_STATIQUE DDL_IMPO
CALC_CHAR _SEISME MULTI_APPUI

DYNA NON_LINE AMOR MODAL

MODE_STAT

EXCIT
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MULT_APPUI
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COMP_INCR
DIS CHOC

RECU_FONCTION SEF_ELGA

DEPL

DEPL_ABSOLU

CALC_FONCTION MAX

COMB
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6
Results of modeling B

6.1
Values tested of modeling B

One calculates the definite function diff as being the difference between absol ute displacement of the
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node
NO2 and that of the node no2. And it is checked that it is quite null for various moments.

Time (S)
Reference
Aster
Absolute error
0,100
1,7144E-17
1,71E-17
0,20,0
5,1386E-16
5,14E-16
0,30,0
5,1365E-16
5,14E-16
0,40,0
2,1570E-15
2,16E-15
0,50,0
2,7105E-19
2,71E-19

One al so tests the maximum val ue of the force of impact to node NO2.

Type of impact

Reference

Aster

Relative error

against arigid wall

6,29287E+02

6,29292E+02

7,21E-06

between two mobile structures 6,29287E+02 6,29292E+ 02 7,21E-06
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7 Modeling
C

7.1
Characteristics of modeling

Modeling C isbefore awholetest of DYNA_TRAN_EXPLI, whose results are compared
with DYNA NON_LINE.

The systems mass-arises are modelled, asin modeling A, by adiscrete element with

3 degrees of freedom DIS_T. Only modeling with a degree of freedom is tested.

Modeling of the problem:

Y
Play
dist 1
K

m
NO1
NO2
1
eml

Appear 7.1-a: Modeling of a system mass-arisesimpacting arigid wall

Node NOL is subjected to an imposed acceleration 1 (T). One calculates the relative displacement of the
node

NO?2, its displacement of drive and its absol ute displacement.

An element of the type DIST_T on amesh POI1 is retained to simulate the impact of the beam on one
rigid wall: the possible shocks between the beam and the obstacle are taken into account as being
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forces intern with this element. One affects to him a nonlinear behavior of type shock (stiffness) via

law of behavior DIS CONTACT of order DEFI_MATERIAU.

The thickness of matter surrounding the node of shock in the direction considered is specified by
operand DIST 1 of order DEFI_MATERIAU. In the treated case, one chooses DIST 1 = 0.4495

and PLAY = 0.45 so that at the initial moment, the node of shock and the obstacle are separated from the
play J=5. 104

mm (cf [Figure 5.1-a)).

The seismic loading, due to imposed displacements of node NOL, is calculated by the operator
CALC_CHAR_SEISME. One creates then a concept charges starting from operand VECT _ASSE of
order AFFE_ CHAR_MECA.

One uses the diagram of integration of explicit NEWMARK of type DIFFERENCES CENTREES with
astep of timesof 103 S. calculation by DYNA _TRAN_EXPLI iscarried out in modal space,
non-linearity being due to the shock and thus resident local.

7.2
Characteristics of thegrid

The grid associated with the model consists of 2 nodes, of amesh SEG2 of the type DIS T and one
specific mesh POI1 of thetype DIS T.

Handbook of Validation

V5.01 booklet: Nonlinear dynamics of the discrete systems

HT-66/03/008/A

Code Aster ®
Version
7.2

Titrate:
SDND102 - Saismic response of a multimedia system
Date

08/10/03

Author (S):

G. DEVESA, Fe WAECKEL, E. BOYERE
Key: V5.01.102-C Page:

11/14

7.3 Functionalities
tested

Orders
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DIST 1
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AFFE_CHAR_MECA DDL_IMPO GROUP_NO
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CALC_CHAR_SEISME MONO_APPUI
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8
Results of modeling C

8.1
Valuestested of modeling C

Calculation is non-linear because of the shock and one does not have analytical solution. One thus tests
calculation on values of not-regression on displacement according to X of node NO2.

Time (S

Reference

Aster

Relativeerror

0,1 15,6520E-3
15,6520E-3 <1E-3%
0,2 51,4832E-3
51,4832E-3 <1E-3%
0,3 28,1291E-3
28,1291E-3 <1E-3%
0,4 44,9343E-3

44, 9343E-3 <1E-3%
0,5 37,7508E-3
37,7508E-3 <1E-3%

file:/l1Z|/process/valid/p2630.htm (4 of 16)9/28/2006 4:32:50 PM



file:/l1Z|/process/valid/p2630.htm

One compares absol ute displacements resulting from DYNA_TRAN_EXPLI with those given by
DYNA_NON_LINE.
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9
Summary of theresults

The results obtained with Code Aster are in conformity with those awaited (error lower than
thousandths).

On this example, direct nonlinear calculation is much more expensive in computing times, of one
factor 20, that that on modal basis.

Modeling C shows that one obtains many similar results with a method
of explicit temporal integration (DYNA_TRAN_EXPLI) and implicit (DY NA_NON_LINE).
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Organization (S): EDF/RNE/AMV, CSIF
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V5.01 booklet: Nonlinear dynamics of the discrete systems
V5.01.103 document

SDND103 - Post subjected to a request
axial dynamics

Summary

It isa question of calculating the response of a post subjected to an unspecified seismic loading. The
post is

modelled by a system mass-arises not deadened, its connection with the ground by a non-linearity of
the type

effort-displacement.

The discrete element in traction and compression, the calculation of the clean modes and the
calculation of the answer are tested

transient by modal recombination with taking into account of a non-linearity of the effort-
displacement type.

initial speed istaken nonnull and the loading is of acceleration type imposed on the ground.

file:///Z|/process/ivalid/p2630.htm (7 of 16)9/28/2006 4:32:50 PM



file:/l1Z|/process/valid/p2630.htm

Theresults obtained are in very good agreement with the results of reference which are results
analytical.
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1
Problem of reference

1.1 Geometry

The system consists of a post resting on the ground and subjected to a seismic request. Itis
modelled by a mass, its connection with the ground by a spring kO of which the relation of behavior
translated a non-linearity of the effort-displacement type.

X
L
kO
Y

Characteristics of the post:

length: L=2m;
section: S= 0,3 m2.

1.2
Properties of materials
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Mass post: m= 450 kg.
Siffness within the competence of connection: kO = 105 N/m.

1.3
Boundary conditions and loadings

Boundary conditions
Only authorized displacements are the translations according to axis X: Dy = dz= 0.

Corrective force FC due to nonthe linearity of the ground is defined by the following relation:
F (X
)

X
F(X)
threshold
F (X

C

) with, if X > X
FO)=K1-
X,

X

threshold

0

threshold

x0

One takes xseuil = 10-6m, kO = 105 N/mand x0 = 0,1 Mr.

One thus imposes under key word RELA EFFO_DEPL of operator DYNA TRAN_MODAL
K

function: F(X) = 0 X. [X- X

C

threshold].

x0

Loading

The ground is subjected to an acceleration (T) in direction X, built so that it
displacement of the system mass-arisesis sinusoidal X = a.si (

NT

) with A= 0,01 and = /4.
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1.4 Conditions
initial

In theinitial state, the systemisreleased of its position of balance with a speed vO: with T = 0, dx (0) =
0,

vO= dx/dt (0) = A.
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2
Reference solution

2.1
Method of calculation used for the reference solution

Thistest is developed in detail in the reference [bibl].

The fundamental equation of dynamics, moving relative of the system mass-arises by

K (X)

report/ratio on the ground iswritten: +
X=(T)

&

X

m

For a displacement of theform X = a.sl (
NT) and x& = - have 2
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(

sinT), one obtains from
the equation of the movement the form of the accél érogramme:

sin T has

(1 = has(

SN

0)
-2+ 01

X 3

1

K

The fundamental frequency F

0

0 of the oscillator not deadened areworth F 0= 2

m

2.2
Results of reference

Fundamental frequency F O of the oscillator not deadened.
Displacements relating to moments 2, 6, 10, 14 and 18 seconds.
2.3

Uncertainty on the solution

No if one calculates the integral of Duhamel analytically [bib2].
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3 Modeling
With

3.1
Characteristics of modeling

The system mass-arises is modelled by a discrete element DIS T.
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Numerical data:

for the system mass-arises: m= 450 kg
for the ground:

kO = 105 N/m

for non-linearity:

x0= 0,1 m; has= 0,01 and = /4.

Temporal integration is carried out with the algorithm of Euler or the algorithm of Devogelaere and one
no times of 0,02 second. Calculations are filed all the steps of time.

One considers a damping reduces no one for the whole of the calculated modes.

I

3.2
Characteristics of thegrid

The grid consists of a node and a mesh of the type POI 1.

3.3 Functionalities
tested

Orders

Keys Doc. V5
FORMULATE

[U4.31.05]
CALC_FONC_INTERP

[U4.32.01]

AFFE_MODELE GROUP_MA
“MECHANICAL”

“DIS T’

[U4.41.01]

AFFE_CHAR _MECA DDL_IMPO

[U4.44.01]
DISCRETE AFFE_CARA ELEM
NET
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M. T D N
[U4.42.01]

GROUP_MA
KTDL

MODE_ITER SIMULT CALC_FREQ
PLUS PETITE

[U4.52.03]

CALC_CHAR SEISVIE MONO_APPUI

[U4.63.01]
MACRO _PROJ BASE

[U4.63.11]
DYNA TRAN_MODAL ETAT INIT

[U4.53.21]
RELA EFFO DEPL

POST DYNA MODA T RESU_GENE

[U4.84.02]
RELA EFFO_DEPL

REST BASE PHYS

[U4.63.21]
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4
Results of modeling A

4.1 Values
tested

One checks the Eigen frequency of the oscillator as well as displacements relative of node NO1 to
various moments (for the algorithm of integration EULER).

Frequency (H2)
Reference

Code Aster Error
(%)

2,37254

2,37254

0

Relative displacement of node NO1 with the numerical algorithm of integration of Euler:

Time (S
Reference
Code Aster Error
(%)

20,01
9,99988E03
0,001
6-0,01
9,99985E03
0,002
100,01
9,99990E03
0,001

14 -0,01
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9,99985E03
0,001

18 0,01
9,9998/7E03
0,001

Relative displacement of node NO1 with the numerical algorithm of integration of Devogelaere:

Time (S)
Reference
Code Aster Error
(%)

20,01
9,99991E03
8,88E06
6-0,01
9,99981E03
-0,002
100,01
9,99992E03
7,72E06

14 -0,01
9,99988E03
-0,001

18 0,01
9,99982E03
-0,002

4.2 Parameters
of execution

Version: STA5.02

Machine: SGI Origin 2000

Time CPU to use: 3,6 seconds
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5
Summary of theresults
One notes a very good agreement with the analytical solution (error lower than 0,01%).
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Handbook of Validation
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SDND104 - Calculation of the power of wear of one
mass rubbing under seismic excitation
harmonic

Summary:

One considers a mass in contact rubbing with a rigid plan on which one imposes a vibratory
movement of

harmonic type. Friction is modelled by the law of Coulomb. The calculation of the response of the
massis of

nonlinear transitory type. One calculates the power of wear resulting from the phases of slip between
mass and the rigid plan. The calculation of the power of wear being developed in Aster only for
calculations

modal, the analysisis carried out on the basis of modal system (commonplace). In order to avoid the
numerical problems

resulting from the nullity of the single mode of rigid body of the mass, a spring far from stiff is
introduced, flexible

mass at a point interdependent of the vibrating rigid plan.

Thereference solution isa quasi analytical calculation of the transitory answer, of which estimates
numerical are programmed with Maple.

Single Aster modeling retained tests the explicit algorithms of integration with constant step of Euler
(order 1) and Devogeleare (order 4), aswell asthe algorithm with variable step ADAPT (order 2)
developed in

order DYNA_TRAN_MODAL, for various amplitudes of the harmonic acceleration of excitation
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seismic of therigid plan of support. According to this amplitude, the mode of the response of the mass
is of the type

member for any time (stick), successively member and slipping (stick-dlip), or always slipping with
inversion of the direction of dlip (dipway-slipway).

Account isreturned owing to the fact that in the case of a sufficiently low amplitude of excitation
(first mode,

permanent adherence), the power of wear is strictly null.
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1
Problem of reference

1.1 Geometry

The system considered consists of a simple heavy mass posed on a rigid support subjected to

an imposed vibration of type seismic, sinusoidal. The contact, as well as solid friction are

modelled by penalization. The system thus has two degrees of freedom of trandation (horizontal and
vertical).

RZ
RY

M
X-ray
F
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A very weak spring of stiffness connects the massto the support in the three directions. Thisspring is
one

artifice of calculation, intended to avoid the nullity of the frequency associated with the rigid mode
with trandlation

horizontal of the mass. Fascinating the Aster results account the presence of this spring are little
different from the results which one would obtain without spring.

1.2
Properties of the model

Stiffness of the spring (according to the three directions):
K =3.10-5 N/m,

mass:

m = 1 kg,

gravity:

G=10m/s2

coefficient of Coulomb:

=01

1.3
Boundary conditions, conditionsinitial and loadings
The massrestson therigid level with the dimension Z = 0.

The harmonic acceleration imposed on the base has as an equation has=hassin (T
). In particular, itis

0

null at the initial moment. The displacement of the support satisfies equation X (T) = - (A/2
)sin (T

), and

0

thus its movement starts towards the left, with nonnull initial speed &

X()

0=-hag.

0

Theinitial displacement (with T = 0) of the massistaken null. The massisregarded asin state
of adherence at theinitial moment. It thus has same nonnull speed as the support with T = 0.

Calculations are carried out for various values of maximum acceleration:

=15m/s2 has, has= 15
.m/s2,has=10
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,1m/s2andhas=09
,9m/s2

O O oo

and a value of pulsation: = 2.
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2
Reference solution

Thereference solution, which isanalytical, is calculated in the following way.

That isto say X (T) the X-coordinate of the massin the fixed reference mark and X (T) the X-
coordinate of the vibrating support in it

even reference mark.

Initially, it is supposed that the massis adherent on its support. It then remainsto it certain

time after theinitial moment T = 0. It undergoes of this fact the acceleration imposed by the rigid
support, that isto say

&

X(T)=&X(T)=hassinT

. The tangential force exerted by the mass on the support is then

0

F=-mx& (T)=-mysinT
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(null at the moment initial, which justifies the starting assumption

T

0

that initially, the mass is adherent on its support). The mass remains adherent aslong as
F=mysnT

v
v

.1f G has

U, the mass thus remainsindefinitely adherent on sound

0

F=Mg

T

NR

0

support, and its movement is exactly the same one as this one. By introducing the coefficient
Mg

adimensional =

, the condition of permanent adherence iswritten 1. The curve of acceleration
a0
mass, like support, then takes the following form according to time:

Asfor speed, it takes the following form (single primitive of null average):

0.4
0.2
0.2
0.4
0.6
0.8
-0.2
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-0.4
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Ifa0>G
U, thereexistsasmaller timeT =T suchasF =mysinT

M
. Thisthe smallest

0

1=

Mg

1

-

timeis necessarily such as sint > 0, which makes it possible to remove the absolute valuein
0

1

G

M

1

the preceding expression, and to obtain expression clarifies T =

arcsin

=arcsin. In

1

has
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0
T
2

privateindividual, T

NSO

After this moment, the mass dlips towards the left compared to the support, therefore it checks the
equation

dynamics &x (T) =G

W, is&x(T) =G

n(T-T)

. Its speed thusincreases linearly with

1

+&x(T) 1

has

has

time, whileleavingto T the negative value X T

o

T
0
2
1 - (indeed,

1
& ()

CoSs

driven G
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X
T

- driven G
X

X

T1

t2T3

t4

T

Movement for >*, mode of “ stick-dlip”, succession of adherence and dlip

Necessarily, for a certain value of time T satisfactory/
2T

, Speed

2

2/

2

mass becomes again equal at the speed of the support. At this moment, the movement becomes again
adherent if

and only if the acceleration which the mass at the beginning of adherence undergoesislower in value
absolute with pg. One examines the tranglation of this condition in the continuation. One expresses
for

to begin thevalue of T.

2
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5/12

has

has

Time T satisfiesequation X T
=XT,ispg(T-T)

0

cosT

0

cosT, or
2

& ()
2

& ()
2
2
1

il (T-T) - cost + cost = 0.

NEFE RPN N

This equation, transcendent, allows the determination of T according to T and, that isto say finally,
2

1

taking into account the expression of T, the determination of T according to the physical parameters
of

1

2

system and. If the acceleration of the supportin T islower in absolute value than g, it

2

movement remains adherent then up to one moment T for which the acceleration of the support and
of

3

mass reach the value - pg, moment which for reasons of clear symmetries on graphs Ci

above, exactly satisfied T = T +/. The mass starts a phase of dip then
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3
1
up to one moment T, after which the movement reproduces periodically.
4

It isunderstood that for sufficiently small values of, the movement will not be able to become
member asfrom time T, because the acceleration of the mass would exceed the threshold pg. There
thus exists

2

avaluecriticizes* such asfor > *, the movement of the mass passes without phase

of adherence of a dip to a shift in opposite meaning. A reflexion on the continuity of

function response of speed of the mass compared to the parameter shows that for *, it

later movement is always slipping (mode of “ slipway-slipway”, of alternate directions). For < *, it
movement periodically alternates phases of adherence and dlip.

Thevalue criticizes* admits a simple analytical expression. Indeed, for =*, themoments T
2

and

T areconfused. ThusT - T =T - T =/and the equation

P WEFEDNW

(T-T)-cost+cost=0

2

becomes* =2

T=21

. While passing squared, one
1

*

COs

NNEFPEFEPDN

2* 2 obtains
4
4*2

,thatistosay * =
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0537.
2+4

For *, the movement is only asymptotically periodic. The continuation (T) of the moments of
N

change of direction of dip checks T

/when N tends towards the infinite one. The figure

1-T

n+
N
below shows the typical pace (broken line) the speed of the massin the situation of slipway-dlipway.

Movement for *: mode of “ dlipway-dlipway”, no adherence
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Let us summarize the conclusions:

Mg

2

Thereisthe adimensional coefficient =
and itsvalue criticizes* such as* =

0537.
has

2

0
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+4

If * < < 1theestablished modeis of type “ stick-dip”: alternation of phases of adherence and of
dip;

If <*,
the established mode is of type “ dlipway-dipway” : alternate permanent dlip;
If>1,

the established mode is of type “ stick” : permanent adherence with the base.

In the results of analytical comparison calculation/Aster which follow, the choices of the amplitude
have

0

are such asthesethree situations are visited. Onetakesmindeed=1kg, G=10m/s2,u=01

=15m/s2 has, has= 15
,m/s2,has=10
,I1m/s2andhas=09
,9m/s2.

O O oo

The power of wear is physically null at the time of the phases of adherence.

In Aster, with operator DYNA_TRAN_MODAL used here, adherence is not detected bus

the integration of the movement is made by regularization of the law of friction. The respect of the
null result

power of wear during phases of adherence required the introduction of a criterion on

speed of dip, so that in lower part of a certain value, it must regarded as null, and

the adherent movement. One can consult the reference material Opérateur of calculation of
wear/Model of Archard [R7.04.10].

During the phases of dlip, the power of wear followsthelaw P (T) =m

U Steam Generator (T), where

U

R

V (T) =x& (T) - X& (T) istherelative speed of dip of the mass on the support. In the situation
R

mode of stick-dlip, for which the movement becomes strictly periodic at the end of one
finished time, the energy of wear during a half-period is exactly

file:///Z|/process/ivalid/p2640.htm (13 of 23)9/28/2006 4:32:50 PM



file:/l1Z|/process/valid/p2640.htm

mgV (T) dt

:Mg
X& (T

)-x& (T)dt=Mg(-0cosT
_(G

u(r-Tm)

0

cos T))dt

PRrRRPRPA-4A4T0C

0

Q

E=EN O N

N I

Mg ((t2- 1t) cos1t- (sn T
2-)) -
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(t2 - 10).

Thetranscendent formulation of T apparently does not make it possible to simplify the expression of
this

2

energy of wear. The power of average wear P is simply the energy of wear E above

U

U

divided by the half-period from the answer T/2 =/.

In the case of a movement always slipping (*), theinterval of integration to be taken is
form [T, T

with N sufficiently large, sothat T

that isto say sufficiently near to

1-T

N

n+1]

n+

N

value limits. One can avoid numerical calculation by recurrence of this continuation, knowing that
average asymptotic speed is null. Indeed, the continuation T - N/has a finished limit.

N

satisfied properties by areillustrated on the following figure:
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The segment of right-hand side has as an equation
has

v=G

H(T-)-W=G

u(r-)-0

cos

(

),

has
and for T = +/, speed v isto take the opposite value W = 0

cos (

), which gives
the equation
has

has

v

G/-0

0

cos

(

) = cos

(

),

that isto say

v
G =2acos(

);
0

whose solution is
1

Mg
1
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arccos

= arccos
2a0
2

Let us note that one finds although for = *, the acceleration of the support calculated at time T =
give the value limits pg. I ndeed

sin has(

) = sin has (arccos (*/2)) = has
*2

2

1-

l4=hasl-1

(

*2

) =has*

®

CoocooxE I

In the case of the movement always slipping, the energy of wear during one asymptotic period
Is given exactly by the formula

that one can clarify according to preceding calculation, by taking T = and T = +/, which gives
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that isto say

T ABEADNDMNMNDNMNDNDNDNO

1 N -

o i |
B

coOoN
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The power of average wear (over one period) asymptotic is then

m

3 3
Q Q
L oD

MllCchMNODNMNNOCTD

-N
1

Following the Maple program allows the calculation of the power of exact wear in an interval of
specified time, as well asthe layout of the graph showing the convergence of the function speed of
mass towards a periodic function limits, for any value of the physical parameters and of excitation
such that the mode is of dipway-dlipway type (*), and the exact value of the average power

of wear over one period (the only useful one for what interests us) in the case of the stick-dlip.

# This program makes calculation, on the transitory part

# of the beginning of the signal, the power of exact wear,

# until a time specifies at the beginning of program.

Digits. = 20:

pi: = evalf (pi):

T: = 1. # period of the movement of the support

Omega: = 2*pi/T:

tmin: = 4:

tmax: = 12: # duration of the transient considers

ncycle: = floor (tmax/T) +2: # iteration count of Ti calculation [I] and tf [I]
Nmax: = 100* ncycle: # to replace the function sin by a line brisee
m: = 1.
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G: =10:

driven: = 0.1:

a0: =1.5:

eta: = mu*g/a0:

Omega: = 2*pi/T:

etaetoile: = 2/sgrt (pi™2+4):

Ti [1]: = Yomega*arcsin (eta):

dX: =T - > - a0/lomega* cos (omega*t):

dxmoins[0]: = dX (T):

lignedx: =[Ti [1], dX (Ti [1])] :

Eusure: = 0: #wear isnull on the phase of adherence [0, Ti [1]]
#

# Noter that Ti [i+1] isnecessarily in theinterval [i*T-T/4, i* T+T/2]
#and that tf [I] isnecessarily in theinterval [i*T-3*T/4, i*T].

# These two intervals overlap, but thereisalwaystf [1] <ti [i+1].
#

yew eta<etaetoile then # mode of slipway-slipway

for | from 1toncycleC

dxplus[l]: = mu*g* (T-Ti [I]) + subs (t=ti [I], dxmoins[i-1]):

tf [1]: = fsolve (dX (T) =dxplus|[l], t= (i* T-3*T/4). (i*T)) :
lignedx: = lignedx, [tf [I], dX (tf [1])] :

tinf: = max (Ti [I], tmin):

tsup: = min (tf [1], tmax):

yew tinf<tsup then

Eusure: = Eusure + int (m*g* (dX (T) - dxplus[l]), t=tinf. .tsup):
fi:

dxmoins[I]: =- mu*g* (t-tf [I]) + subs (t=tf [I], dxplus[I]):

Ti [i+1]: =fsolve (dX (T) =dxmoins[l], t= (i*T-T/4). (T/2+i*T)) :
lignedx: = lignedx, [Ti [i+1], dX (Ti [i+1])] :

tinf: = max (tf [1], tmin):

tsup: = min (Ti [i+1], tmax):

yew tinf<tsup then
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Eusure: = Eusure + int (m*g* (dxmoins[I] - dX (T)), t=tinf. .tsup):
fi:

od:

# courbedX: = stud ([seq ([j* tmax/Nmax, dX (j*tmax/Nmax)], j=0. Nmax)]):
# courbedx: = stud ([lignedx]):

# with (studs):

# display ([courbedX, courbedx]);

theta: = arccos (pi* eta/2) /omega:

dxinfini: =T - >mu*g* (T-theta) +dX (theta):

Vainfini: = dxinfini - dX:

Eumoyana: = - int (m*g*Vginfini (T), t=theta. (theta+pi/omega)) :
Eumoyanaana: = m*g*a0/omega” 2* sgrt (4-eta 2* pi~ 2):
Pumoyana: = 2* Eumoyana/T:

Pumoyanaana: = 2* Eumoyanaana/T:

Pusure: = Eusure/(tmax-tmin);

elif (eta>etaetoile and eta<l) then # mode of stick-dlip

lignedx: =[Ti [1], dX (Ti [1])] :

dxplus[1]: = mu*g* (T-Ti [1]) + subs (t=ti [1], dxmoins[Q]):

tf [1]: = fsolve (dX (T) =dxplus[1], t= (T-3*T/4). T):

dxplus: = unapply (dxplus[1], T):

VQ: = dxplus- dX:

Have: = -int (m*g*Vg (T), t=ti [1]. .tf [1]):

Pusuremoy: = 2*EU/T;

else # mode of permanent adherence

Have: = 0;

fi:

The Aster solution considered isthe calculation of the power of average wear during a phase
going transient from 4 to 11,99 seconds (from 8 to 24). The energy of wear for thislength of time
transient differs somewhat from the energy of average wear (asymptotic) over thisduration (such an

amount of in

situation of stick-dlip that of slipway-slipway). It isthus appropriate, to precisely compare it with the

results

Aster, to make an exact calculation of thisenergy in the interval of time [4s, 11,999].

For A =15 m/s 2, the power of average wear asymptotic is 15,1146144886 Watt then

0
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that the power of average wear on the temporal interval [4s, 11,999] is 15,257521794 Wait.
It isthislast value which constitutes the result of reference.

Note:

As a calculation of average power, power of wear calculated on an interval
is not obligatorily increasing with the duration of the interval. If one adds to the interval
one duration over which thereis adherence, the power of average wear will be lower.

2.1
Results of reference

Value of max. acceleration a0 (ms-2)
Value of the average power of wear
On theinterval [4s, 11,999], in Watt
15 (slipway-slipway)

15,26709959

1,5 (stick-dlip)

0,40906245

1,01 (stick-dlip)

2,261641E-4

0,99 (stick)

0

2.2
Uncertainty on the solution

Quasi-analytical solution (presence of transcendent equations solved numerically with one
arbitrary precision).

2.3 References
bibliographical

[1]

B. WESTERMO, F. UDWADI A: Periodic Response of has sliding oscillator system to harmonic
excitation. Earthquake Engineeering and structural dynamics Flight 14.135-146 (1983)

[2] Documentation

Code Aster [R7.04.10]
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3 Modeling
With

3.1
Characteristics of modeling

An element of the type DIS T on a mesh POI1 is used to model the system.

Calculation is done on modal basis. One blocks displacementsin Y and Z, the modal base

thus contains that a mode.

One uses the dynamic operator of calculation on modal basis DYNA TRAN_MODAL, with the key word
SHOCK to model nonthe local linearity.

An obstacle of the type PLAN_Z (two parallel plans separated by a play) is used to simulate the plan
of dip. One chooses to take for generator of this plan OY isNORM_OBST: (0., 1., 0.).

The origin of the obstacleis ORIG_OBST: (0., 0., 1.), its play which gives the half-spacing between
plansis 0.5.

One places oneself in the relative reference mark (loading mono-support) and one appliesa loading in
acceleration with CALC_CHAR_SEISME.

One uses a step of times of 3.105 Sfor temporal integration to limit the computing time. It

no timeis quite lower than min (2/K/M, 2/K/IM

4

)
10

1 \l -

Z Wl
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The tangential stiffness of friction is taken as large as possible to ensure the stability of
diagram, is KT = 900000 N/m. the value KT = 1000000 N/m led to a numerical instability.
Normal stiffness kN must be taken equal to 20 N/m to compensate for the weight exactly of
mass. (the value of the play is of 0,50m). Any other value leads to aberrant results.

3.2
Characteristics of thegrid

A number of nodes. 1
A number of meshs and types: 1 POI1

3.3 Functionalities
tested

Orders

STANDARD DEFI_OBSTACLE
“PLAN_Z"

DYNA_ TRAN_MODAL SHOCK

“ ADAPT”
“ DEVOGE"

“ EULER’

POST DYNA MODA T WEAR

4
Results of modeling A

4.1 Values
tested

| dentification Reference
Aster

Aster DEVOGE Aster
EULER % difference max
ADAPT

a0= 15
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15,2671

15,2660

15,2665

15,2668

0,007%

a0=15

0,409062

0,409077

0,409077

0,409077

0,004%

a0=1,01

2,26164E-4

2,26164E-4

2,26164E-4 2,26316E-4 0,072%
a0 = 0,99

0

0

0

0

0%
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5
Summary of the results

The case-test validates the calculation of the power of wear with POST_DYNA MODA T after a
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calculation on

DYNA TRAN_MODAL, aswell on a diagram with variable steps (ADAPT) as on diagrams with step
constant (Euler and Devoggeleare). In particular the tangential microphone-speeds induced by
model of contact by penalization, at the time of the phases of adherence, are correctly cancelled.

The influence of the added spring remainsin on this side precise details obtained.

The tangential stiffness of the contact is the element limiting for a higher precision. Convergence
results towards the reference solution was checked. The tangential stiffness was taken too
large that possible to ensure the stability of the diagramwith dt =104 S,

The tolerancesin the tests-resu are taken just above the found differences.
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Handbook of Validation

V5.01 booklet: Nonlinear dynamics of the discrete systems

V5.01.110 document

SDND110 - To release of a system masses specific

with fluid force of blade

Summary:

This test implements a specific mass having a speed initial and subjected to a force of blade

fluid which slows down it. The fluid non-linearity of blade as well as the algorithm of point fixes which
is associated are for them

thus tested. The reference solution is obtained in an analytical way for the uniform profile and by
integration

numerical direct out of Code_Aster for the parabolic profile, with a step of very small time to ensure
itself

conver gence of the solution.
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1

Problem of reference
1.1 Geometry

X

2L

M

X

X

F

@)

Z

1.2

Material properties
specific mass:

m= 1000 kg

width:

2L = 100 mm
density of the fluid:
F = 1000 kg/m3
viscosity:

= 1.E6

- with a parabolic profile of flow in the fluid blade:

o
)
(oe]
wW
w
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019992
09996 10 6

, =0
- with a uniform profile of flow in the fluid blade:
= -00833

, = 01666

,=0,=0

1.3

Boundary conditions and loadings

The massis plunged in an incompressible fluid, and an indeformable obstacle is present in X = 0
and displacements only for X > 0 authorize.

1.4 Conditions

initial

Initial distance from the mass to the obstacle:

X=6mm

0

Initial speed:

X=-0.1m/s

0
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2

Reference solution

2.1

Method of calculation used for the reference solution

Analytical resolution for the uniform mode

For the uniform mode, the differential equation governing the movement of stop of the massiswritten

5 X XD

the following way: MX
+

X X i

By integrating once the differential equation, one obtains an expression the speed of the projectilein
function of its position:

2

2

X

0+
X

X
where

(@)

X+
=M
While integrating once again compared to time this differential equation it comes:
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— -
I

N O X O

0-X+

Log

0 X0+

X+
X X0

Numerical resolution for the streamline flow
The dynamic equation to which this systemis subjected is as follows:

P

XX NI ZXX XN
+
+

X3
This equation cannot be solved in an analytical way, one uses a resolution by a diagram
of integration temporal of the dynamic problem. One can rewrite the system in the form:
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44 XZTXXN

+

444X x X
w

One uses the diagram of Euler modified to integrate this equation in time.
X, X

0

0 given to t0,
To repeat:

2

X

X

I

I

+3

X

X

I

I

X =

I

M - Xi
T+1=T+dt
I

I
X+1=X+dtX
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X+1=X+dtX

I

I

i+1

aslongasT

T

i+1< fine.

2.2

Uncertainty on the solution

Analytical solution for the uniform profile, approximate for the other.
2.3 References

bibliographical

[1]

G.JACQUART “ Modeling of the forces of fluid blade” - HP-61/94/159/A
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3 Modeling

With

3.1

Characteristics of modeling

For modeling, one uses two nodes NO1 and separate NO2 of a distance L = 1m, to which are
affected two discrete e ements of type POI 1.

Node NO1 represents the mass, node NO2 represents the rigid plan. One is thus applied
condition of embedding to node NO2.

An obstacle of the type Bl _PLAN_Z (two parallel plans separated by a play) is used to ssimulate
connection through the fluid.

One chooses to take OZ for generator of this planisNORM_OBST: (0., 0., 1.).

Normal stiffness RIGI_NOR is assigned to an arbitrary value, because the contact takes place through
fluid.
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It remains to define parameters DIST 1 and DIST_2 which give the half-spacing between the plansin
contact. Onetakes DIST_1 = DIST_2 = (L-play) /2 = 0.497 Misters.
NB:

These distances are fictitious and do not correspond to physical dimensions of the objects.
3.2

Characteristics of the grid
A number of nodes: 2

A number of meshs and types: 2
3.3 Functionalities

tested

Orders

Keys

AFFE_CHAM_NO

SZE

DEPL_R

[U4.26.01]

PROJ VECT _BASE
VECT_ASSE

[U4.55.02]
PROJ_MATR_BASE
MATR_ASSE

[U4.55.01]
DEFI_OBSTACLE

TYPE

Bl PLAN Y

[U4.21.07]

DYNA TRAN_MODAL
VITE_INIT_GENE
[U4.54.03]

DYNA TRAN_MODAL
SHOCK

NOEU_2

[U4.54.03]

DYNA TRAN_MODAL
SHOCK

LAME_FLUIDE
[U4.54.03]

DYNA TRAN_MODAL
SHOCK

ALPHA

[U4.54.03]

DYNA TRAN_MODAL
SHOCK
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BETA

[U4.54.03]

DYNA TRAN_ MODAL
SHOCK

CHI

[U4.54.03]

DYNA TRAN_ MODAL
SHOCK

DELTA

[U4.54.03]
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4

Results of modeling A
4.1 Values

tested

| dentification
Reference

Aster

% Difference

(m)

(m)

For the parabolic profile:
Ux (t=0.02)
1.98583e3

1.98582¢€3

0.005

Ux (t=0.04)
3.91819e3

file:/l/Z|/process/valid/p2650.htm (13 of 16)9/28/2006 4:32:51 PM



file:/l/Z|/process/valid/p2650.htm

3.91819€3

0.000

Ux (t=0.06)

5.61048€3

5.61068€3

0.004

Ux (t=0.2)

5.90398€3

5.90347€3

0.004

For the uniform profile:
Ux (t=0.02)

1.98828e3

1.98878e3

0.000

Ux (t=0.04)

3.93216€3

3.93216€3

0.000

Ux (t=0.06)

5.66658€3

5.6669e3

0.006

Ux (t=0.2)

5.99946€3

5.99914€3

0.005

4.2 Remarks

One observesin this case a very good precision in the reproduction by the cal culation of displacement
structure (less than 0.006% of difference with the analytical solution), and a good prediction of
the position of stop of the system.
4.3 Parameters

of execution

Version: 3.05

Machine: CRAY C90
System:

UNICOS8.0
Obstruction memory:

8 megawords

Time CPU To use:

100 seconds
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5

Summary of the results

Good agreement between the results obtained and the values of reference.
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SDND111 - Forced vibrations of a system

mass-arises with fluid force of blade

Summary:

This test implements a system mass-arises specific subjected to a force of fluid blade which deadens it
and one

harmonic external force. The fluid non-linearity of blade as well as the algorithm of point fixeswhichis
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to them

associated are thus tested. The reference solution is obtained by direct numerical integration out of
Code_Aster for the parabolic profile, with a step of very small time to ensure itself of the convergence of
solution.
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1

Problem of reference
1.1 Geometry

X

Fext (T)

2L

M

X

X

F

O

Z

1.2

Material properties
specific mass:

m = 25kg

stiffness of the spring:
K =24674 N/m
width:

2L =100 mm

density of the fluid:

F = 1000 kg/m3
viscosity:

=1E6

- with a parabolic profile of flow in the fluid blade:
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00833
019992
09996 10 6

, =0
-with auniform profile of flow in the fluid blade:
=-00833

, = 01666

,=0,=0

1.3

Boundary conditions and loadings

The massis plunged in an incompressible fluid, and an indeformable obstacleis presentin X =0
and displacements only for X > 0 authorize.

1.4 Conditions

initial

Initial distance from the mass to the obstacle:

X=5mm

0

Initial speed:

X=0m/s

0
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V5.01.111-A Page:
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2

Refer ence solution

2.1

M ethod of calculation used for the reference solution

The dynamic equation to which the system is subjected is as follows:

X3

X2

This equation cannot be solved in an analytical way, one uses a resolution by a diagram
of integration temporal of the dynamic problem. One can rewrite the system in the form:

ext.
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X

X3

X2

T

T

T

T

One uses the diagram of Euler modified to integrate this equation in time.
X, X

0

O givento to,
To repeat:

M — < X X X XN

A
X

N W

— X T T T XXX
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I

X+1=X+dt X

I

I

I

X+1=X+dt X

I

I

i+1

aslongasT

T

i+1<fine.

2.2

Uncertainty on the solution

Solution approached numerically by step of very small time.
2.3 References

bibliographical

[1]

G.JACQUART “Modeling of the forces of fluid blade” - HP-61/94/159/A
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3 Modeling

With

3.1

Characteristics of modeling

For modeling, one uses two nodes NO1 and separate NO2 of adistance L = 1m, to which are
affected two discrete elements of type POI1.

Node NOL1 represents the mass, node NO2 represents the rigid plan. One is thus applied
condition of embedding to node NO2.
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An obstacle of the type BI_PLAN_Z (two parallel plans separated by a play) is used to simulate
connection through the fluid.

One chooses to take OZ for generator of this planis NORM_OBST: (0. 0. 1.).
Normal stiffness RIGI_NOR is assigned to an arbitrary value, because the contact takes place through
fluid.

It remains to define parameters DIST_1 and DIST_2 which give the half-spacing between the plansin
contact. Onetakes DIST_1=DIST_2 = (L-play) /2 = 0.497 Misters.

NB:

These distances are fictitious and do not correspond to physical dimensions of the objects
In contact.

3.2

Characteristics of thegrid

A number of nodes: 2

A number of meshs and types: 2

3.3 Functionalities

tested

Orders

Keys

AFFE_CHAM_NO

SIZE

DEPL R

[U4.26.01]

PROJ VECT _BASE

VECT_ASSE

[U4.55.02]

PROJ MATR BASE

MATR_ASSE

[U4.55.01]

DEFI_OBSTACLE

TYPE

Bl PLAN_Y

[U4.21.07]

DYNA_TRAN_MODAL

SHOCK

NOEU_2

[U4.54.03]

DYNA_TRAN_MODAL

SHOCK

LAME _FLUIDE

[U4.54.03]

DYNA_TRAN_MODAL

SHOCK

ALPHA
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[U4.54.03]
DYNA_TRAN_MODAL
SHOCK

BETA

[U4.54.03]
DYNA_TRAN_MODAL
SHOCK

CHI

[U4.54.03]
DYNA_TRAN_MODAL
SHOCK

DELTA

[U4.54.03]
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4

Results of modeling A
4.1 Values

tested

The displacements tested at the moments of cancellation speed give the following comparisons:
| dentification
Reference

Aster

% Difference

(m)

(m)

For the parabolic profile:
Ux (t=0.13)

3.71678E3
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3.71527E3

0.041

Ux (t=0.2684)
5.22565E3
5.20065E3

0.478

Ux (t=0.3902)
3.99499E3
3.99034E3

0.116

Ux (t=0.531)
4.68796E3
4.64597E3

0.896

For the uniform profile:
Ux (t=0.1282)
3.54435E3
3.54283E3

0.019

Ux (t=0.2651)
5.99203E3
5.96578E3

0.438

Ux (t=0.3876)
3.78488E3
3.78001E3

0.129

Ux (t=0.5263)
5.66919E3
5.61641E3

0.931

4.2 Remarks

One observesin this case a very good precision in the reproduction by the calculation of displacement
structure (less than 0.9% of difference with the quasi-analytical solution).
4.3 Parameters

of execution
Version: 3.05
Machine: CRAY C90
System:

UNICOS 8.0
Obstruction memory:
16 megawords

Time CPU To use:
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250 seconds
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5

Summary of theresults

Good agreement between the results obtained and the values of reference.
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Handbook of Validation
V5.01 booklet: Nonlinear dynamics of the discrete systems
V5.01.112 document

SDND112 - Fluid blade between two mobile masses

Summary

One considers the unidimensional system made up of 2 mobile masses separated by a fluid blade, and
attached each one to a point fixes via a spring.

Theresponse of the system is studied when one of the massesisisolated of its position of balance. A
law of
fluid behavior of blade is modelled.

Thereference solution isa Matlab calculation. One validates operator DYNA _TRAN_MODAL, and
in particular them

temporal methods of integration EULER and ADAPT, by comparing absolute displacements of both
masses by Matlab and Aster.
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1
Problem of reference

1.1 Geometry
The figure below specifies the system considered:

k1 ml

k2

m2

fluid blade

1.2
Characteristics of the various elements of the model

Mechanical characteristics of the system mass-arises:

ml =25 Kkg
m2 = 25 kg
k1 =98696 N/m
k2 = 98696 N/m

Coefficients of fluid blade (see the formulation in [R5.06.09]):

-0,08325
0,07493
-0,9996 10-6
-0,1665

Characteristics of shock:

Play with balance between m1 and m2: 0.001 m
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Normal stiffness of shock: 2.88 1010 N/m
Normal damping = 0 N§/m

1.3
Boundary conditions

Boundary conditions:

Only authorized displacements are the trandlations according to the axis of the springs. Two nodes
extremes are embedded.

1.4 Conditions
initial

m2 isisolated of its position of balance of a distance from 1 mm and released with a null speed.
mlisin its position of balance, at null speed.
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2
Reference solution

2.1
Method of calculation used for the reference solution

The dynamic response taken for reference isthat calculated by Matlab (see script below). It
use a diagram of integration of the Runge-Kutta type to orders 2 and 3 with control of error and not
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adaptive.

2.2
Results of reference

Absolute displacements with the nodes in several moments (extremum of displacement).

2.3
Uncertainty on the solution

Comparison entersthe codes Matlab and Aster.

2.4
Matlab script for the reference solution

%cas test for fluid blade 2
alpha =-0.08325;
mobile structures

beta = 0.07493;

clear;

khi = -0.9996e-6;

closed all;

delta = -0.1665;
%----direct calculation----
%

%initialisation of the parameters of
%----direct resolution----
calculation

yy =Yy (2) there (1) +y0;

t0=0;

% blade fluid

tfinal = 1. ;

%creation of the matrices D state
not = 0.001,

U=[1000;

tspan = t0: not: tfinal;

0100;

y0=[0.0.00100];

0 0 m1-alphalyy alphalyy;

y0 =y0’;

0 0 alpha/yy m2-alphalyy];
options=[];

=[00-10 have;
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direct %integration
000-1;

[T.y]=

k1 0 - khi/(yy*yy*vyy)
ode23 (“fonction2”, tspan, y0, options);
khi/(yy*yy*yy);
depll=y(:, 1 1),

0 k2 khi/(yy*yy*vyy) -
depl2=y(:,2: 2);
khi/(yy*yy*yy)l;
vitl=vy (., 3: 3);
G=I0;

vit2=vy (i, 4: 4);

0;

- beta* ((y (4) there (3))/yy) ~2 -
function YP = fonction2 (T, y, flag)
delta* (y (4) there (3))*abs (y (4) -
% initialization provisional

y )/ (yy*yy);

%y0: play

beta* ((y (4) there (3))/yy) "2 +
y0 = 0.001,

delta* (y (4) there (3))*abs (y (4) -
ml=25.;

y G (yy* wW)l;

m2=25.;

%

k1 = 98696. ;

%calcul of the derivative

k2 = 98696. ;

YP =-inv (U) *a*y +inv (U) *g;
%

Handbook of Validation
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3 Modeling
With

3.1
Characteristics of modeling

The springs are modelled by discrete elementswith 2 ddl DIS T.
Mass 2 isisolated of its position of balance of a distance from 1 mm at null initial speed.
An obstacle of thetype Bl PLAN_Z isretained to simulate the impact between the two masses.

In DYNA_TRAN_MODAL, the normal rigidity of shock was selected very high (2.88 1010 N/m) in
order to

to take into account only the effect of the fluid blade. Two methods of calculation “ADAPT” and
“EULER” weretested. Calculation islaunched on 1 second with a step of time of 10-5 second

and a step of filing of 100. Syntax used is presented below.

tran_gel = DYNA TRAN_MODAL (MASS GENE: massegen RIGI _GENE: rigidgen

METHOD: “ADAPT” %0OU “EULER”
AMOR_REDUIT: (0.0.0.0)

ETAT _INIT: (DEPL_INIT_GENE: deplinil)
NMAX_ITER: 100

LAMBDA: 10.

RESI RELA: 1.e5

SHOCK: (GROUP_NO_1: massesl
GROUP_NO_2: masses2

OBSTACLE: roast %BI_PLAN_Z
NORM_OBST: (0.0. 1)

DIST_1: 0.4495

DIST_2: 0.4495

RIGI_NOR: 2.88E10

AMOR_NOR: 0.
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RIGI_TAN: 0.
COULOMB: 0.
LAME_FLUIDE: “YES’
ALPHA: -0.08325
BETA: 0.07493

CHI: -0.9996E-6
DELTA: -0.1665
)

INCREMENT: (INST_INIT: 0. INST_FIN: 1.
NOT: 0.00001)
FILING: (PAS _ARCH: 100)

);

3.2
Characteristics of thegrid

Model associated with the grid bichoc:
A number of nodes. 4 (whose two extremes are fixed),

A number of meshs: 2,

Type of mesh: DIS T.
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3.3 Functionalities
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tested

Orders

LIRE_MAILLAGE

AFFE_MODELE GROUP_MA
“MECHANICAL”
“DIS_T”

DISCRETE AFFE_CARA_ELEM
GROUP NOM_T D N

GROUP_MA
KTDL

AFFE_CHAR MECA DDL_IMPO GROUP_NO

MACRO_MATR_ASSE

CALC_VECT_ELEM

ASSE_VECTEUR

MODE_ITER_SIMULT METHOD
JACOBI

CALC_FREQ
BANDAGE

AFFE_CHAM_NO

MACRO_PROJ_BASE
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DEFI_LIST REEL

DEFI_OBSTACLE BI_PLAN_Z

DYNA_TRAN_MODAL SHOCK
LAME_FLUIDE
11 YES”

METHOD
ADAPT

METHOD
EULER

REST BASE_PHYS

Handbook of Validation
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4
Results of modeling

4.1
Values tested of modeling

One calculates the response of the system over one duration of 1 second. One compares then the results
with

those resulting from Matlab calculation in some points which correspond to some extremum of the
evolution

displacement. On the figures which follow, the results resulting from Aster are in continuous feature and
those

calculated with matlab in features dotted lines.

Results obtained with method ADAPT:
For mass 1:

Time (S

Matlab (m)

Aster (m)
Relative error (%)
0.05 0.675€3
-0.675

E30.091

0.1 0.544€3

0.547
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E30.537
0.450.473e3
-0.488
E33.177
0.95 0.468e3
-0.499
E36.823
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For mass 2:

Time (S
Matlab (m)
Aster (m)
Relative error (%)
0.05 0.322€3
-0.324
E30.740

0.1 0.450e3
0.453
E30.683
0.45 0.497€3
-0.512
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E33.011
0.95 0.468e3
-0.500

E3 6.850
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Results obtained with method EULER:
For mass 1:

Time (S)
Matlab (m)
Aster (m)
Relative error (%)
0.05 0.675€3
-0.674
E30.101

0.1 0.544€3
0.548
E30.531
0.45 0.473€3
-0.488
E33.179
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0.95 0.468e3
-0.499
E3 6.824
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For mass 2:

Time (S
Matlab (m)
Aster (m)
Relative error (%)
0.05 0.322€3
-0.326
E30.720

0.1 0.450e3
0.452

E3 0.691
0.45 0.497€3
-0.512
E33.011
0.95 0.468e3
-0.500
E36.851
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4.2 Parameters
of execution

Version: 5.01

Machine: claster

Obstruction memory: 128 megabytes
Time CPU To use:
33.84 seconds
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5
Summary of the results

The results obtained with Code_Aster are in conformity with those awaited (relative error lower than
7%).
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SDND120 - Transitory response of a device
antiseismic

Summary
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An antiseismic device was tested on a mobile plate. This case test aims to reproduce
numerically thistest. The device is modelled by two systems mass-arises not deadened, separate
by nona linearity of the antiseismic device type.

Onetests the discrete element in traction and compression, the calculation of the clean modes, the
static modes and it

calculation of the transitory response by nonlinear modal recombination of the structure subjected to
one

accélérogramme. Nonthe linearity is of type ANTI_SI SM.

Theresult of referenceisa program MATLAB.
Theresults obtained are in very good agreement with the results of reference.

One also compares the results calculated with the efforts and displacements measured on a device
experimental (qualitative comparison only).
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1
Problem of reference
1.1 Geometry

An antiseismic device is placed between two jaws (right-angled hatched on the following figure)
themselves posed on a mobile plate subjected to an acceleration imposed in direction X. It
by nona linearity of the type * antiseismic device” placed on both sides one is modelled
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system mass-arises.

X
D

B
Antiseismic device
Y

F measured in A
C

1.2
Material properties
Thejaws which insert the device are modelled each one by a system mass-arises:

stiffness of connection: K = 1010 N/m;
specific mass: m = 25 kg.

The device tested is an antiseismic device of BULGE type. I ts characteristics are them
following:

kl = 6. 106 N/m (RIGI_K1),

k2 = 0,53 106 N/m (RIGI_K2),

IIDy = 1200 (SEUIL_FX),

é = 0,07 105 (C),

él pha=0,2 (PUIS ALPHA),

;<max = 0,03 m (DX_MAX).

1.3
Boundary conditions and loadings

Boundary conditions

Only authorized displacements are the translations according to axis X. the points C and D are
embedded: dx = Dy = dz= 0. The other pointsare free in translation according to dx: Dy =dz=0.

Loading
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The point D is subjected to a transverse acceleration in the direction X 1 (T) = 0,66 sin (T) m/s2 with
= 2, the point Cisfixed.

1.4 Conditions
initial

At theinitial moment, the deviceisat rest: with T = 0, dx (0) =0, dx/dt (0) = 0 in any point.
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2
Reference solution

2.1
Method of calculation used for the reference solution

One compares the numerical values with the experimental statements and the solution taken for
reference

obtained thanksto a script matlab.

The expression of the force of dissipation in such a deviceis provided by the following formula
[Peckan]:

(K-K

1

2) X
X
F
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K X

+ Csgign (x&) X
D=

+

2

&

2

X

K X

max
1+1

Py

script matlab:

%cas test for antiseismic device
function YP =fonctsisml (T, y, flag)
clear;

% initialization provisional
closed all;

ml=25.;

%----direct calculation----

m2 =25, ;

%initialisation of the parameters of
k1= 1.el0;

calculation

k2 = 1.e10;

t0=0;

kk1l = 6.€6;

tfinal = 1. ;

kk2 = 0.53€6;

not = 0.01;

py = 1200;

tspan = tO: not: tfinal;

C =0.07€5;

y0=[00040];

xmax = 0.03;

y0 =y0';

alpha=0.2;

options = [];

Omega = 2*pi;

direct %integration
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%

[T.y]=

%----direct resolution----

ode23 (“fonctsisml”, tspan, y0, options);
x0 = (0.66*sin (omega*t))/(omega* omega);
depll=y(:, 1. 1);

depl21l =y (2) there (1);

depl2=y(:, 2 2);

vit21l =y (4) there (3);

vitl=y(:, 3: 3);

gln = (kk1-kk2) *depl21;

vit2=y (: , 4: 4);

gld = sgrt (1+ ((kkl/py) *depl21) ~2);

gl = gln/gld,

kk1l = 6.€6;

g2 =

kk2 = 0.53€6;
c*sign (vit21) * (ABS (vit21* depl21/xmax))*
py = 1200;

alpha;

C = 0.07€5;

g0 = kk2* depl 21;
xmax = 0.03;
99=90+0l1+gz
alpha=0.2;

%creation of the matrices D state

for tt = 1:1: length (tspan)
U=[1000;

depl21 = depl 2 (tt) - depl 1 (tt);
0100;

vit21 = vit2 (tt) - vitl (tt);

00mlO0;

gln = (kk1-kk2) *depl21;

000m2];

gld = sgrt (1+ ((kkl/py) *depl21) ~2);
=[00-10 have;

gl = gln/gld;

000-1;

g2

=k1000;

c*sign (vit21) * (ABS (vit21* depl 21/xmax))™
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0k200Q];

alpha;

G=[0;

g0 = kk2* depl 21;

0;

F (tt) =90+ gl +g2;

gg + k1*x0;

end

- gdl;

F=f;

%

depl = depl2 - depl 1;

%ocalcul of the derivative

YP =-inv (U) *a*y +inv (U) *g;
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2.2
Results of reference

Maximum values and RM S of relative displacements and absolutes out of B, and of the effort due to
the device
antiseismic.

2.3
Uncertainty on the solution
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The excitation imposed on the system mass-arisesis an approximation of the displacement imposed
on
experimental device.

Uncertainty on the reference solution MATLAB is weak.

2.4 References
bibliographical

[1]

G. PEKCAN, J.B. MANDER, Mr. EERI: The seismic response of has 1: 3 scale model R.C.
structure with elastomeric spring dampers. - Earthquake Spexctra, vol. 11, N°2, p.249-267 -
May 1995
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3 Modeling
With

3.1
Characteristics of modeling

Y
m
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m

K

K

X

NO1

NO2

NO12

NO11
1=066sn (2. T)
2=0

Appear 3.1-a: Modeling of the seismic anti device

Thejaws which insert the device are modelled each one by a discrete element with 3 degrees of
freedomDIS T.

The antiseismic device is simulated via the key word factor ANTI_SI SM of the operator

DYNA TRAN_MODAL.

Node NOL1 is subjected to an imposed acceleration 1 (T), node NO11to 2 (T) = 0. It iscalculated
relative displacement of node NO2 and its absolute displacement.

Temporal integration is carried out with the algorithm of Euler and a step of time of 1,25. 105
second. Calculations arefiled all the 80 steps of time.

One considers a damping reduces no one for all two calculated mode.

I

3.2
Characteristics of the grid

The grid consists of 4 nodes and 4 meshs of thetype DIS T.

3.3 Functionalities
tested

Orders

AFFE_MODELE GROUP_MA
“MECHANICAL”

“DIS.T”

DISCRETE AFFE_CARA_ELEM
GROUP_NO

M_T D N

GROUP_MA
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AFFE CHAR MECA DDL_IMPO
GROUP_NO
MACRO_MATR_ASSE
MODE _ITER_ SIMULT METHOD
JACOBI

CALC_FREQ
BANDAGE

MODE_STATIQUE DDL_IMPO

FORMULATE

CALC_FONC_INTERP

CALC_CHAR_SEISME MODE_STAT

MACRO_PROJ BASE

DYNA_TRAN_MODAL EXCIT
MULT_APPUI “YES’
METHOD

EULER

ANTI_SISM

RECU_FONCTION RESU_GENE

MULT_APPUI
“YES’

“NOT”

CALC_FONCTION MAX

RMS
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4
Results of modeling A

4.1
Valuestested of modeling A

One calculates the absol ute displacement of node NO2: NO2_DX_ A and effort in the device
antiseismic. One compar es the values with those cal culated by a function MATLAB.

Reference

Code Aster
Absolute error (%)
Effort max (NR)
1,266E+04
1,266E+04

-0,003

Effort RMS
7,912E+03
7,894E+03

-0,232

NO2 DX A max (m)
1,670E02
1,672E02

0,101

NO2 DX ARMS
1,180E02
1,183E02

0,276
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NO2_DX_R max (m)
1,266E06

1,26