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ABSTRACT

A 3D model based on control volume numerical metivad used to simulate the heat conduction in aniletial
plate containing artificial defects. The plate waade of steel with known thermal properties andd#fects of different

depth were flat bottom holes simulating areas damhdxy corrosion.

The result of simulation was the temperature distion on both the intact and the damaged reardfitlee plate.
The temperature distribution on the metal platéases depends on material properties, start anddawy conditions, heat
stimulation intensity, and duration. The goal of thesearch was to find if there is a possibility dombine
pulse-thermography, a technique which is being ssstk many years and numerical modeling to detexritie degree of

hidden corrosion on the rear surface of a thin hpdée.
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INTRODUCTION

For maintenance procedures and preventive measurasetal constructions the possibility to locatddain

corrosion is of great interest. Besides the locatibsuch spots the estimation of material losry important [1].

This paper presents the results of an analysisnautdy numerical simulation for a metal plate witit bottom
holes drilled from the rear surface, which représemrosion of different intensity. For the numatipart of the research
the corrosion is defined as the reduction in makehickness neglecting any changes in thermal gntas of the material

that may occur due to chemical reactions involvethé corrosion process [1].

In our simulation the plate was stimulated withgauheat flux having constant intensity over a agfitime [2].
The heat flux illuminates the intact front surfashile the rear surface is damaged. The temperagsponse on this
reference surface has been monitored after heatilstiion. The defects and plate edges were arraingsuch a way that

their heat flow patterns did not affect each other.
The Concept of the Model

The model was a 120 x 80 x 3 mm sized flat steatep(see figurel.) with thermal conductivity 32 WK),
thermal diffusivity 1,65010° m?s. Each of the six flat bottom holes has 10 mmmeigr. The depth of each defect

represents the particular loss of material caugerblrosion.
Start and Boundary Conditions

The flat plate was vertically placed in the surmbmg of known temperature. The heat transfer fraterhl sides
of the plate was neglected (adiabatic boundary itiong). The front smooth surface was stimulatethatbeginning of

simulation with pulse heat flux having a total eneof 960 J over a 5 ms time interval. It is assditiat the stimulation is
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uniform. The rear surface was surrounded with anttdé@ of known temperature.

For both surfaces free convection and radiatiomamsge with its surrounding has been assumed. Bragction

models, depending on the geometrical position ef dkfined control volume are used for solving tbevection heat
transfer.

For vertical surfaces the Mc Adams relation wasly4g.
Nu, =cRa" =c{Gr [Pr)" @)
In this relation the Rayleigh numbRa depends on constardg@ndm, which are:
c=0.59m= 1/4 for 10 < Ra< 10°
c=0.1m=1/3 for 1§ < Ra< 10"
The thermal properties for air are evaluated as:

_I*.,

g, =— 2
m 5 )

For horizontal surfaces the Mc Adams and Goldstelations were used. If the observed surface wested
upside the relation (3) is used. If the observeathse is oriented downside the relation (4) is used

Nu, = 054[Ra}’* 2.610" <Ra_ <10 3)
Nu, = 015[Ra’"® 10’ <Ra, < 310"

Nu, = 027[Ra}’* 310° <Ra_ < 310" (4)
The thermal properties for air are evaluated g2)n
The heat transfer by radiation was calculated bglining the radiation heat transfer coefficient.(5)

_ewno®dr,-T,) -
T.-T.

r

The total heat transfer coefficient was calculatsed

0w =0, t 4, (6)

Statements of the Numerical Analysis

The problem was solved numerically by the contalmne numerical method [3]. The Gauss-Seidel methasl
used for solving the system of algebraic equatidhe total number of control volumes was 29 120 Tontrol volume
net was adopted according to the observed probldme. net was condensed in the areas where highgyetatare

gradients are expected [4-6]. The time step of Wwas adapted to the requirements given for thdliyadnd accuracy of
the discrete equation.

Results of the Numerical Analysis

Figure 3 shows the temperature evaluation on tha folate surface over the sound area for six ssdguositions
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after absorption of the heat pulse of Itf. Due to the very short heat impulse time the teatpee rise is faster than its
decay. The same behavior can be seen in literfitlirdhe heat transfer from the illuminated frontface and the rear
surface containing corrosion defects consists a@firah convection and radiation. In total the heansfer coefficient
radiation is more intensive at higher temperatamad it is reduced at lower temperatures. The adefft of convection

heat transfer remains more or less constant.

Figure 4 shows the temperature distribution vetsus for seven locations on the plate. For selepesitions
(%, y) the temperatures on front and back side has balenlated. Six of them are in the center of thiedds and the
seventh is on the sound area. It can be seenhhdémperatures at all observed points have alfagt after heating has
stopped. This temperature drop became slower awdeslas the influence of defects became evidersto Ah the rear

surface the time correlated with the temperatureimam shifts as a function of defect depth.

Figure 5 displays the front surface temperaturefedifice between defect and non-defect area
(“temperature contrastAT = T4 -T,q ). The points wher@y was calculated were on top of each defect whigeptbints
whereT ,q was recorded were beside each defect. The timeewhaximum temperature difference occurs is a fanatf
the relative material los& L/L. This is very important information because themsity of heat flux used for stimulation
must be chosen according to the resolution of beEntographic camera. Figure 6 displays the nunibricdtained

evaluation of current contrast versus time i. Tatadvere calculated using relation (7) [1].

:T(x,y,t)—T(xo,yO,t)

C
* T (X, Yo.t)

()

WhereT (%, y, t) relates to the center of each defect @nfk, Yo, t) to the sound area next to it the time of
maximal contrast rises with reducing of relativetenial loss (Figure 6). Developed software allows@observe not only
the temperature change versus time in arbitraglgcied points, but also the temperature distoiputn the metal plate
surface in defined time intervals. Figure 7 shokes temperature distribution recorded in variousetnil00 ms, 400 ms,
600 ms, and 1000 ms).

In figure 8 the three-dimensional temperature ihistion of the front side of the plate is given for 1000 ms.
On figure 9 the linear temperature distribution ¢enseen along the = 60 mm coordinate through the centers of the

defects representing 50 %, 30 % and 20 % relat&enal loss.
CONCLUSIONS

The paper presents results obtained with a nunienehod based on 3D non-stationary heat trangfer t
determine simulated defects caused by corrosiosidBef relatively very small differences in maag¢thickness the result
still gives the temperature differences on theaa@fopposite to the corroded one. This gives tlssipitity for developing
the procedure for determination the intensity ammlation of heat pulse according to the object ttarproperties,
boundary conditions and IR camera characteristlis Tis very important because the experimentaltlifor flash

thermographic technique in detection corrosionten found to be about 20 % of material loss @el${1].

Possibilities to determine hidden corrosion andgtimate its intensity using numerical method amidgzthermo

graphy was the idea of the research presented.
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APPENDICES
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Figure 1. The Geometrical Characteristic of the Plte and the Defects Depth.
Numbers at the Circles Indicate Depth of Hole Undareath the Surface
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Figure 2: Boundary Conditions
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Figure 3: Numerically Obtained Temperature Change a the Metal Plate
Surface without Defects, after Heat Pulse of fQI/M?



3D Numerical Model for Heat Conduction Analysis Basd on IR Thermograph

100

TEMPERATURE Q)

Non_defect

0.2 0.3
TIME (s)

o
o

Figure 4: Temperature versus Time for Chosen Positin (X, Y) at
Front and Back Side of a Metal Plate
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Figure 5: Numerically Obtained Temperature difference — Time Relation for
Various Material Losses of 3 Mm Thick Metal Plate
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Figure 7: Numerically Obtained Surface TemperatureDistribution for Sample in
Figure 1 att a) 100 ms, b) 400 ms c) 600 ms andH)00 ms after lllumination
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Figure 8: 3D Temperature Distribution on Front Surface att = 1000 ms
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Figure 9: Linear Temperature Distribution along Coordinate y = 60 mm att = 1000 ms
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