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PREFACE

| started to teach heat transfer classes in Ege University in 2005 B.Sc. and Ph.D. levels and doing so
since then. Class notes and programs to calculate several heat transfer problems are accumulated since
then, but they has not been converted into a textbook format until | was in a hospital for a gall blader
operation. Hospital a bussy place but as far as you are concerned, you do not have much to do except
laying down and waiting for te recovery. So | begirconvert the collected material from class works
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my web sitewww.turhancoban.conmYou will find three subchaptersonduction, convection and

radiation.In classical textbooks conduction heat transfesiglly subgroup according to number of
independent variables of tipeoblem. In this book, for conducti@olution methodssuch as analytical
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temperatures and heat flux. V@disaion of temperature and heat flux variations make it simpder
understanding heat transfer probleidave a good trip through the world oddt transfer. | hope you
enjoyit as much as é& do.

Dr. M. Turhan C¢OBAN, Ege University, 23.01.2020
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1. HEAT CONDUCTION INTRODUCTION

1.1HEAT CONDUCTION FORMULATION IN CARTESIAN COORDINATE SYSTEM
Fouriei6 kaw of Conduction(in x direction) ;

JeanBaptiste Joseph Foier (17681830)

The Fourier law of thermal conductive heat transfer states that the time rate of heat transfer in solid

materials is proportional to the negative gradient of temperature and to area. In cartesian coordinates, X
direction thermal conducté/heat transfer then expressed as

- e
Where Q s total conductive heat transfer in Wajtjs the onductive heat transfer per uaitain
Watt/n? , kis called thermal conductivity coefficie(/(mK), T is temperature (degree K) axds the

distance in x coordinatémeters)

First law of thermodynamiogonservation of energy) states that

O © O @)
WhereO energy inputO is energy outputO enery generated insidhe solid material
andO is the energy stored as a function of time.

Let us condider infindly smallrectangular prism with sides dx,dy andaied apply the first law of
thermodynamics for this infinitesimal prism.
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So energy equation becomes: ‘
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Substituting Fourier law of conduction into thiest law of thermodgamics for solid in differential
cartesian element
n Q'Y— N QY— N QY —
Equation becomes -
I Q " QY 1 Q" QY 1 9 .,Y’Q"Y 0 Y
T w Qw 1T w Qw T a Qw T O
If internal energy be approximated (@ste thatspecific heat at constant pressure is equala to specific
heat at constant temperatude, Y 0 "Y for solids)
T "¢ 6 "YQ™equation becomes
! o - QY 1 Q" QY 1 o - Qry LT .,YT Y
Tw Qw T w Qw T a Qq T o
If it is assumed that thermal conductivity coefficient is independent of time and homogeneous in all
directon QY QY QY QY equation becomes
T°Y 1T 'Y 1Y "Q " YO YT Y pr Y
To To T¢ Q@ QY 101710
is called thermal diffusivityMost of the metaleas homogeneous thermal

where| 7Y

conductivity coefficients, materials like wood has non homegeneous (direction dependent) thermal
conductivity.

1.2 HEAT CONDUCTION FORMULATION IN GENERAL COORDINATE SYSTEM

f

o



Let us considea general coordinate system offo f5 and investigate its relation with respect to
cartesian coordinate system (X,y,z)

Uy
For a general coordinate system a path dS can be expressed as a function of cartesian coordinate system
as

QY Qw Qw Qa
If the relatbn between orthgonal coordinate syster(® fb v and cartesian coordinate sys{&my,z)
is given as
© o o G G o
Then the differential lengths dx,dy and dz can briokd as:

—~ s T oM
Qw _

To
ey T & bl
Qw y

To
o T o
Qa ;

To

Substituting these back into the path equation

where
0 w T4
ro To 1o
Heat transfer in orthagonal coordinate system becomes:
] Y Qo ry
Or
Ty

r i/ o i/ p
QY  Q-—
n o1
And® WO
In this case general first law of thermodynamics for this coordinate system becomes:
pr oL, OTY T ety o o el Y o T Y
wto w'lo To w'lo 10 w'lo T o
Example case:
Relation between cartesian coordinate system and cylingral coordinate systengiven as:

O 1 WEQO 1 i Pgz=z
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i so heat transfer equations becomes:
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Relation between cartesian coordinate system and spheail coordinate systengiven as:
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1.3 BOUNDARY CONDITIONS

In order to solve above differgal equatios, baundary values on the surfaces of the solid are also
required. In the boundaryeht can be supigld directly( for example as electrical heating), or
through convective or radiative heat transfer. Surface temperature variation can also be specified as
a boundary condition
Convective heat flux in the surface can be expressed as

A QY Y
In this equation T is the temperature of solid in the surfatds the temperature of the fluid at the
boundary of the solid surface, and h is the thermal convection coefficient. The thermal convectivity
or thermal congction coefficients will change with pysical conditions of boundary fluid sech as
temperature velocity, density etc. In second part of this book it will be investigated more throughly.
For most of boundary problems of thermal conduction, it will be asstwnegel constant to simplify
equation solving process.
Radiative heat flux in the surface can be expressed as

n - LY Y

In this equation is called emmissivity coefficient. Emmisisvity is surface characterestjcemitted
radiative energy. When the energy coming from outside and absorbed by the surface absorbtivity
shouldbe used for this term, but According to Kirchoff law, if the system is in thermal equilibrium, it
can be shown that absorbtivity coeffici¢ntis equal to emmissivity. -. Radiative energy is also
wvavelenth dependent, but it is ommitted in here.rirore details please refer to radiation section of
the book,, is StephafBoltsman constant 5.6703744192x1® W/m2K*. T;is the temperature of the
surface radiation emmitted, @oes not have to be in vicinity of the surface, it can be far awangsabk

it see the boundary surface of our solid. T is the surface temmperature of the solid.

On the solid part of the surface heat transfer can be expressed as fourier conduction normal to the
surface In order to investigate changing values of inteomslduction and external boundary heat

transfer should be considered constant for a small area of boundary value application. Conditions can
be change throughout the surface. These changes can be taken into acount by considering cchanges as
function of suface coordiantes or as constant vales in exach small part of the surface by considering
finite difference or finite element solutions of the energy equation.

Gsupply




For a differential surface element

0\ Y Q—a —a —a "O— where }, Iy and | are unit vectors in x,y and z

directions.

Energy balance at the surface: Heat supply=heat loss
T is surface temperature

“Y outside fluid temperature

“Y radiative surface temperature

n surkice normal vector

Ao
n n n n

o N QY Y 7 ,Y Y Asaddition to this generalised case, a temperature
distributionon the surface can also be specified, such as:
T=f(x,t) on S or T=0or T=T;0on S
In addition to the surface type of boundary, interphase of the contacting swdacalso specify a
boundary When two differnt material id connected by some physical pease(welding, brazing or just
contact with applied pressure) some small gap usually existed between this two solid layer interphase.
This gaps cause additional heat resistance, that should be considered as additional boundary conditions.

Interface

(Heat conductin through solid 1)=(heat conduction through solid 2)=(heat transfer across the gap)
T, T.

- klu L =h(T, - Tz)li:'kzu 2
X X

Instead of iterm, thermal contact resistance R=1/h is usually given . Thermal contact resistance are
function of the gap between surfaces, ¢fare applied pressure when surfaces attached to each other
effects this parameteThermal contact resistances of some common materials are listed below:

Surface type R=1/h ntK/W
416 Stainless,ground, air 2.64

416 Stainless,ground, 0.0254 mm thicknesss 3.52

sheet in contact, air
304 Stainless,ground, air 5.28
Aliminium,ground, air 0.88
Aliminium ,ground, 0.0254 mm thickness brass | 1.23
sheet in contact, air
Copper, ground, air 0.07
Copper, milled, air 0.18
Copper,milled,vacuum 0.88




Thermal ontact resistance can be effected or changed by using some interfacial material between the
contact surfaces. Application of different interface material between aliminium junction is shown in the
figure below (Source: www.thermopedia.caonitent1 188)
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1.4 PROPERTIES OF SOLID MATERIALS
1.41 THERMAL CONDUCTIVITY

Fourierds | aw of conductivity is.the basic equa
0 QY — therefore thermal conductivity expressed as
o 0
QY (“)’_Q_"‘Y
Qw

Thermal conductivity is a teperature dependent term. In metals thermal conductivity is usually
independent of orientations, but in composite materials and some other type of materials orientation is
also an important variable for thermal conductivity. Thermal conductivities of sateziats are listed
below.

Table 1.4.21 Thermal conductivity of metals

Temperature Thermal
Metal -t- -k-

(°C) (W/m K)
Admiralty Brass 20 111
Aluminum, pure 20 204
Aluminum, pure 93 215
Aluminum, pure 204 249
Aluminum Bronze 20 76
Antimony 20 19
Beryllium 20 218
Beryllium Copper 20 66
Bismuth 20 8.5
Cadmium 20 93

Carbon Steel, max 0.5% C 20 54



Carbon Steel, max 1.5% C 20 36

Carbon Steel, max 1.5% C 400 33
Carbon Steel, max 1.5% C 1,200 29
Cartridge brass (UNS C26000) 20 120
Cast Iron, gray 21 471 80
Chromium 20 90
Cobalt 20 69
Copper, pure 20 386
Copper, pure 300 369
Copper, pure 600 353
Copper bronze (75% Cu, 25% Sn) 20 26
Copper brass (70% Cu, 30% Zi) 20 111
Cupronickel 20 29
Gold 20 315
Hastelloy B 10
Hastelloy C 21 8.7
Inconel 21-100 15
Incoloy 07 100 12
Iridium 20 147
Iron, nodular pearlitic 100 31
Iron, pure 20 73
Iron, pure 300 55
Iron, pure 1,000 35
Iron, wrought 20 59
Lead 20 35
Lead 300 30
Manganese Bronze 20 106
Magnesium 20 159
Mercury 20 8.4
Molybdenum 20 140
Monel 07 100 26
Nickel 20 90
Nickel Wrought 07 100 617 90
Niobium (Columbium) 20 52
Osmium 20 61
Phosphor bronze (10% Sn, UNS C52400) 20 50
Platinum 20 73
Plutonium 20 8
Potassium 20 100
Red Brass 20 159
Rhodium 20 150
Selenium 20 0.52
Silicon 20 84
Silver, pure 20 407
Sodium 20 134
Stainless Steel 20 127 45
Tantalum 20 54
Thorium 20 42
Tin 0 621 68
Titanium 20 197 23
Tungsten 20 1631 173
Uranium 20 24
Vanadium 20 61
Wrought Carbon Steel 0 59
Yellow Brass 20 116
Zinc 116
Zirconium 0 23

Table 1.4.22 Thermal conductivity of some materials

Temperature
Material/Substance 25°C 125°C 225°C



Diamond 1000
slica eorogel 0.003
Acetals 0.23
Acetone 0.16
Acetylene (gas) 0.018
Acrylic 0.2
Air, atmosphere (gas) 0.0262 0.0333 0.0398
Air, elevation 10000 m 0.02
Agate 10.9
Alcohol 0.17
Aluminum 205 215 250
Aluminum Brass 121
Aluminum Oxide 30
Ammonia (gas) 0.0249 0.0369 0.0538
Antimony 18.5
Apple (85.6% moisture) 0.39
Argon (gas) 0.016
Asbestoscement board 0.744
Asbestoscement sheets 0.166
Asbestoscement 2.07
Asbestos, loosely packed 0.15
Asbestos mill board 0.14
Asphalt 0.75
Balsa wood 0.048
Bitumen 0.17
Bitumen/felt layers 0.5
Beef, lean (78.9 % moisture) 0.43-0.48
Benzene 0.16
Beryllium 218
Bismuth 8.1
Bitumen 0.17
Blast furnace gas (gas) 0.02
Boiler scale 1.2-35
Brass 109
Breeze block 0.10-0.20
Brick dense 1.31
Brick, fire 0.47
Brick, insulating 0.15
Brickwork, common (Building Brick) 0.6-1.0
Brickwork, dense 1.6
Bromine (gas) 0.004
Bronze 110
Brown iron ore 0.58
Butter(15% moisture content) 0.2
Cadmium 92.1
Calcium silicate 0.05
Carbon 1.7
Carbon dioxide (gas) 0.0146
Carbon monoxide 0.0232
Cast iron 58
Cellulose, cotton, wood pulp and regenerated 0.23
Cellulose acetate, molded,est 0.17-0.33
Cellulose nitrate, celluloid 0.12-0.21
Cement, Portland 0.29
Cement, mortar 1.73
Ceranic materials

Chalk 0.09
Charcoal 0.084
Chlorinated polyether 0.13
Chlorine (gas) 0.0081
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Chrome Nickel Steel (18% Cr, 8 % Ni) 16.3
Chromium 94
Chromoxide 0.42
Clay, dry to moist 0.15-1.8
Clay, saturated 0.6-2.5
Coal 0.2
Cobalt 69
Cod (83% moisture content) 0.54
Coke 0.184
Concrete, lightweight 0.1-0.3
Concrete, medium 0.4-0.7
Concrete, dense 1.0-1.8
Concrete, stone 1.7
Constantan 23.3
Copper 401 400 398
Corian (ceramic filled) 1.06
Cork board 0.043
Cork, regranulated 0.044
Cork 0.07
Cotton 0.04
Cotton wool 0.029
Carbon Steel 54 51 47
Cotton Wool insulation 0.029
Diamond 1000
Diatomaceous earth (Sitcel) 0.06
Diatomite 0.12
Duralium 129
Earth, dry 1.5
Ebonite 0.17
Emery 11.6
Engine Oil 0.15
Ethane (gas) 0.018
Ether 0.14
Ethylene (gas) 0.017
Epoxy 0.35
Ethylene glycol 0.25
Feathers 0.034
Felt insulation 0.04
Fiberglass 0.04
Fiber insulating board 0.048
Fiber hardboard 0.2
Fire-clay brick 500C 1.4
Fluorine (gas) 0.0254
Foam glass 0.045
Dichlorodifluoromethan®-12 (gas) 0.007
Dichlorodifluoromethane H 2 (liquid) 0.09
Gasoline 0.15
Glass 1.05
Glass, Pearls, dry 0.18
Glass, Pearls, saturated 0.76
Glass, window 0.96
Glass, wool Insulation 0.04
Glycerol 0.28
Gold 310 312 310
Granite 1.7-4.0
Graphite 168
Gravel 0.7
Ground or soil, very moist area 1.4
Ground or soil, moist area 1
Ground or soil, dry area 0.5
Ground or soil, very dry area 0.33
Gypsum board 0.17
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Hairfelt 0.05
Hardboard high density 0.15
Hardwoods (oak, maple..) 0.16
Helium (gas) 0.142
Honey (12.6% moisture content) 0.5
Hydrochloric acid (gas) 0.013
Hydrogen (gas) 0.168
Hydrogen sulfide (gas) 0.013
Ice (273.15 K 2.18
Ingot iron 47-58
Insulation materials 0.035- 0.16
lodine 0.44
Iridium 147
Iron 80 68 60
Iron, wrought 59
Iron, cast 55
Iron-oxide 0.58
Kapok insulation 0.034
Kerosene 0.15
Krypton (gas) 0.0088
Lead Pb 35
Leather, dry 0.14
Limestone 1.26-1.33
Lithium 301
Magnesia insulation (85%) 0.07
Magnesite 4.15
Magnesium 156
Magnesium alloy 70- 145
Marble 2.08-2.94
Mercury, liquid 8.3
Methane (gas) 0.03
Methanol 0.21
Mica 0.71
Milk 0.53
Mineral wool insulation materials, wool blankets .. 0.04
Molybdenum 138
Monel 26
Neon (gas) 0.046
Neoprene 0.05
Nickel 91
Nitric oxide (gas) 0.0238
Nitrogen (gas) 0.024
Nitrous oxide (gas) 0.0151
Nylon 6, Nylon 6/6 0.25
Oil, machine lubricating SAE 50 0.15
Olive oil 0.17
Oxygen (gas) 0.024
Palladium 70.9
Paper 0.05
Paraffin Wax 0.25
Peat 0.08
Perlite, atmospheric pressure 0.031
Perlite, vacuum 0.00137
Phenolic cast resins 0.15
Phenolformaldehyde moulding compounds 0.13-0.25
Phosphorbronze 110
Pinchbeck 159
Pitch 0.13
Pit coal 0.24
Plaster light 0.2
Plaster, metal lath 0.47
Plaster, sand 0.71
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Plaster, wood lath 0.28
Plasttine 0.65- 0.8
Plastics, foamed (insulation materials) 0.03
Platinum 70 71 72
Plutonium 6.7
Plywood 0.13
Polycarbonate 0.19
Polyester 0.05
Polyethylene low density, PEL 0.33
Polyethylene high density, PEH 0.42-0.51
Polyisoprene natural rubber 0.13
Polyisoprene hard rubber 0.16
Polymethylmethacrylate 0.17-0.25
Polypropylene, PP 0.1-0.22
Polystyrene, expanded styrofoam 0.03
Polystyrol 0.043
Polyurethane foam 0.03
Porcelain 1.5
Potassium 1
Potato, raw flesh 0.55
Propane (gas) 0.015
Polytetrafluoroethylene (PTFE) 0.25
Polyvinylchloride, PVC 0.19
Pyrex glass 1.005
Quartz mineral 3
Radon (gas) 0.0033
Red metal 128
Rhenium 71
Rhadium 88
Rock, solid 2.Tem
Rock, porous volcanic (Tuff) 0.5-2.5
Rock Wool insulation 0.045
Rosin 0.32
Rubber, cellular 0.045
Rubber, natural 0.13
Rubidium 58
Salmon (73% moisture content) 0.5
Sand, dry 0.15-0.25
Sand, moist 0.25-2
Sand, saturated 2.Nis
Sandstone 1.7
Sawdust 0.08
Selenium 0.2
Sheep wool 0.039
Silica aerogel 0.02
Silicon cast resin 0.15-0.32
Silicon carbide 120
Silicon oil 0.1
Silver 429
Slag wool 0.042
Slate 2.01
Snow (temp < C) 0.05-0.25
Sodium 135 (solid) 86 (liquid)
Softwoods (fir, pine ..) 0.12
Soail, clay 1.1
Soil, with organic matter 0.15-2
Soil, saturated 0.6-4
Soot 0.07
Steam saturated 0.0184
Steam, low pressure 0.0188
Steatite 2
Steel, Carbon 1% 43




Stainless Steel 16 17 19
Straw slab insulation, compressed 0.09
Styrofoam 0.033
Sulfur dioxide (gas) 0.0086
Sulfur, crystal 0.2
Sugars 0.087-0.22
Tantalum 54
Tar 0.19
Tellurium 4.9
Thorium 38
Timber, alder 0.17
Timber, ash 0.16
Timber, birch 0.14
Timber, larch 0.12
Timber, maple 0.16
Timber, oak 0.17
Timber, pitchpine 0.14
Timber, pockwood 0.19
Timber, red beech 0.14
Timber, red pine 0.15
Timber, white pine 0.15
Timber, walnut 0.15
Tin Sn 67
Titanium 22
Tungsten 174
Uranium 27.6
Urethane foam 0.021
Perfect Vacuum 0
Vermiculitegranules 0.065
Vinyl ester 0.25
Water 0.606
Water, vapor (steam) 0.0267 0.0359
Wax 0.084
Wheat flour 0.45
White metal 35-70
Wood across the grain, white pine 0.12
Wood across the grain, balsa 0.055
Wood acrosshe grain, yellow pine, timber 0.147
Wood, oak 0.17
Wool, felt 0.07
Wood wool, slab 0.1-0.15
Xenon (gas) 0.0051
Zinc Zn 116

Table 1.4.23 Thermal conductivities of some mat

erialsas a function of temperature[93],[94]

C9

C
0.57

Mn
0.55

Si
0.38

Steel 3 TK k W/mK
273.1|51
373.2|47.7
473.2 | 44.8
573.2|41.8
673.2]39.2

773.2]38.1

C129 TK

W/mK

Cu
0.07

Mn
0.32

0.08 | 0.09 |0.13]0.13 |0.11 | 0.02

273.1
323.1
373.1
423.1
473.1
523.1
573.1

49.8
49.4
48.3
46.9
45.2
431
41.4

British steel 7




623.1

39.8

673.1

38.1

723.1

36.6

773.1

35.4

823.1

34.1

873.1

29.9

923.1

31.6

973.1

30.3

993.1

29.7

1013.

23.9

1023.

23.9

1073.

24.3

1123.

24.7

1173.

25.1

1223.

25.9

1273.

26.8

C124

TK

W/mK

0.64

Cu
0.09

Mn
0.27

0.01

0.028

Si
0.06

12 Forged

283.1

43.9

303.1

43.9

391.1

43.9

420.1

43.9

469.1

435

521.1

43.1

527.1

41.4

641.1

41

690.1

41

796.1

36.8

851.1

35.8

912.1

36

967.1

38.5

999.1

29.7

1044.

28.9

1100.

30.5

1134.

28.9

1199.

31.8

C127

TK

W/mK

Cu
0.06

Mn
0.4

0.04

S0.01

Si
0.08

26

283.1

36

303.1

36

383.1

36

407.1

36.8

460.1

36.8

487.1

36.4

541.1

36.8

595.1

36.8

638.1

34.3

693.1

35.6

728.1

35.6

760.1

34.3

803.1

32.6

863.1

31.8

910.1

31

973.1

41.4

1022.

27.6

1102.

26.8

1147.

28

C132

TK

W/mK

Cu

Mn
0.32

0.00

0.009

Si
0.13

Ni
0.13

Cr
0.11

As
0.02

Mo
<0.0

Al
0.00

British steel 7

273.1

49.8

323.1

49.4

373.1

48.3

423.1

46.9




473.1

45.1

523.1

43.1

573.1

41.4

623.1

40.1

T328 C26

TK

W/mK

Cr
12.95

0.13

Mn

Ni
0.14

0.018

0.024

Si
0.17

Al
0.034

Cu
0.06

0.012

As
0.015

chromium steel

273.1

27

323.1

27.2

373.1

27.6

423.1

27.6

473.1

27.8

523.1

27.8

573.1

28

623.1

28

T328 C32

TK

W/mK

Cr
26

0.13

Mn
0.56

Ni
0.1

0.01

0.007

Si

Al
0.03

Cu
0.06

0.01

As
0.01

chromium steel

273.1

22.8

373.1

23.8

473.1

255

573.1

27.2

673.1

28.5

773.1

30.1

873.1

31.8

973.1

33.5

1073.

35.1

1173.

36.4

T330 C2

TK

W/mK

Cr
17-

Né
7-9

chromium-nickel

273.2

14.9

SS 304

373.2

16.3

405.9

17.2

423.2

17.6

4441

17.8

457.2

17.9

463.2

18.1

473.2

18.1

483.3

18.4

512.2

18.8

523.2

18.8

534.2

19.2

547.8

19.3

583.7

19.7

599.6

19.9

614.3

20.1

637.8

205

670.5

20.7

678.7

21

695

21.2

757.7

22

773.2

22.4

839

23.1

851

23.3

904.1

24.2

920.5

24.5

934.1

24.8

991.4

254

1008

25.9

T331C3

TK

W/mK

Cr
16-18

Ni

0.08

Si
0.11

0.002

AISI 301 SS

136.8

10.9

184

13

225

13.4

266

14.2




329.8

16.3

355.5

16.7

380.3

17.6

405

16.7

536.4

18.8

602.5

19.7

722.3

20.9

831.8

22.6

887.8

234

1032.

255

1038.

25.1

1216.

26.4

T331C4

TK

k W/mK

Cr
16.82

Ni
11.6

0.10

Mn
1.59

Mo
2.18

0.01

Si
0.26

0.02

AIS| 316 SS

135.7

10.5

184.4

11.3

228.9

12.6

270

13.4

367.8

14.6

433.8

155

482.1

15.1

497.8

15.9

552.5

15.9

560.9

18

592.5

18.4

660.7

18.8

759.8

20.1

812.6

20.5

825.6

20.9

944.7

22.2

1031.

23.4

1114

23.8

1220.

25.1

T331C5

TK

k W/mK

Cr
17.65

Ni
10.9

0.06

Co
0.09

Mn
1.64

Mo
0.02

0.013

Nb
0.73

Si
0.58

0.01

AlSI 347 SS

137.7

11.7

185.4

13

228.6

14.2

269.2

14.6

361.9

151

427.9

15.9

429.5

16.7

490.8

16.7

540.7

18.4

550.1

17.6

552.1

16.7

576.5

18.8

662.8

18.8

741.5

20.5

768.9

20.1

801

21.3

919.1

23.4

996.9

234

1079.

24.7

1173.

25.9

T331 C64

TK

W/mK

Cr
17.45

Ni
12.6

0.06

Cu
0.09

Mn
1.59

Mo
2.55

0.023

Si
0.6

Co
0.19

0.01

AlSI 316 3A' SS

273.7

13

334.8

14.2

343.7

14.6

388.7

15.4

391.5

15.4

413.7

15.8




417.6

15.7

430.9

16.5

431.5

15.9

457.1

16.3

460.9

16.5

481.5

171

500.9

17.3

514.3

175

520.4

17.5

589.8

18.9

605.4

19.6

613.7

18.9

659.3

19.6

670.4

19.5

679.8

19.9

712.6

20

722.1

20.4

799.8

22.1

800.4

22

897.1

23.6

958.2

24.4

982.6

24.6

1113.

26.5

1185.

27.7

T331 C65

TK

W/mK

Cr
17.45

Ni
12.6

0.06

Mn
1.88

Mo
2.70

0.021

Si
0.54

0.01

AlSI 316 4A SS

272.6

13.3

335.4

14.6

346.5

14.8

375.4

15.7

394.3

15.7

408.7

15.4

433.7

16.6

438.2

16

439.8

16.5

459.3

17

472.6

16.9

494.3

17

507.1

17

558.2

17.9

597.6

18.2

600.9

18.7

657.6

19.2

662.6

19.2

667.6

19.4

703.7

19.6

743.7

211

792.1

22.3

796.5

211

822.1

22.3

892.6

22.8

952.6

23.7

1012.

25.1

1140.

28.2

1218.

29.1

TS331RCA

TK

W/mK

Cr
18-20

Ni
8-12

SS304

25

2.7

50

5.8

75

100

9.5

150

11.5

200

13




250 |14.2
2731|147
300 |15.2
350 |16.2
400 |17
450 |17.7
500 |18.4
600 |19.8
700 [21.2
800 |22.5
900 |23.9
1000 | 25.3
1100 | 26.7
1200 |28.1
1300 | 29.5
1400 |30.9
1500 |32.3
1600 |33.7
1665 |34.7
k Cr Ni Mn | Si
TS33IRCB TK W/mK | 17-19 | 9-13 | 2 1
SS347 25 2.5
50 54
75 7.6
100 |9.1
150 [11.1
200 |12.6
250 |13.8
2731|143
300 [14.8
350 |15.7
400 |16.5
450 |17.2
500 [17.9
600 |19.2
700 [20.5
800 |21.9
900 |23.2
1000 | 24.6
1100 | 25.9
1200 | 27.3
1300 | 28.6
1400 | 30
1500 |31.3
1600 | 32.7
1665 | 33.6
T12R Pure copper TK k W/mK
0 0
10 19600
20 10500
30 4300
40 2050
50 1220
60 850
70 670
80 570
90 514
100 |483
150 |428
200 |413
273.1| 401
300 |398
350 |394




400 392
500 388
600 383
700 377
800 371
900 364
1000 | 357
1100 | 350
1200 | 342
1300 | 334
1356 | 330
T12R Pure Aluminium TK k W/mK
0 0
10 23500
20 11700
30 5180
40 2380
50 1230
60 754
70 532
80 414
90 344
100 302
150 248
200 237
273.1| 236
300 237
350 394
400 340
500 237
600 232
700 226
800 220
900 213
933.2| 211
k Cu Zn Mn | Sn
T270C1 TK lwimk [60.7 38503205
Bronze bar 4 293 78.7
348 84.9
373 87.9
423 93.7
473 99.6
523 105.4
k Cu Al
199 Cl TK Twimk 90 | 10
Aluminium bronze 293.1|51
348.1 | 55.2
373.1|57.3
423.1141.5
473.1165.3
523.1]69.5
k Cu Ni
T100C1 TK W/mK |[99.73]0.23
cupro nickel 293 |321
473 324.3
k Cu Ni
100 C49 TK L \wimk [ 99.96 | 0.30
cupro nickel 273.2 | 345.6
353.2 | 352
373.2| 3535
403.2 | 356
k Cu Ni
100 C50 TK T wimk [ 99.96 | 0.30
cupro nickel 273.2|331.8




353.2

338.9

373.2

340.6

403.2

343.1

T118 C1516

TK

W/mK

Cu
70

Zn
30

Brass 70/30

108.2

74.5

123.2

77.8

135.2

80.8

152.2

83.3

170.2

88.7

188.2

92.5

204.2

95.4

238.2

100.4

260.2

105.4

281.2

105.9

296.2

109.6

298.2

109.2

351.2

127.6

367.2

128

372.2

132.6

386.2

130.1

394.2

135.1

413.2

140.6

437.2

142.3

448.2

141

481.2

143.1

511.2

149.4

541.2

143.1

571.2

145.6

610.2

149.4

634.2

150.2

648.2

147.7

703.2

146.4

T363 C1

TK

k W/mK

GaAs (solar cell)

90

39.7

100

39.1

110

38.4

120

37.8

130

37.2

140

36.8

150

36.4

160

36.1

170

35.8

180

35.6

190

35.3

200

35.1

210

34.9

220

34.6

230

34.4

240

34.3

250

34.1

260

34

270

33.7

280

33.6

290

33.5

300

33

T50R

TK

k W/mK

Single crystal silisium

10

2110

pure

20

4940

30

4810

40

3530

50

2680

60

2110




70 1680
80 1340
90 1080
100 |884
150 |409
200 | 264
250 |191
273.1] 168
300 |148
350 | 119
400 |98.9
500 |76.2
600 |61.9
700 |50.8
800 |42.2
900 |35.9
1000 | 31.2
1100 | 27.9
1200 | 25.7
1300 | 24.4
1400 | 23.5
1500 | 22.7
1600 |22.1
1685 |22
T52R Pure silver TK k W/mK
10 16800
20 5100
30 1930
40 1050
50 700
60 550
70 497
80 471
90 460
100 |450
150 |432
200 |430
250 | 428
273.1] 428
300 | 427
350 | 424
400 | 420
500 |413
600 | 405
700 |397
800 |389
900 |382
1000 | 374
1100 | 366
1200 | 358
1234 | 355
Ti9C1 TK k W/mK
Gold 99.999%pure 10 2820
20 1500
30 760
40 520
50 420
60 380
70 358
80 352
90 348
100 | 345




150 |335
200 |[327
250 320
273.1| 319
300 315
350 |[313
400 312
500 |[309
600 |[304
700 |298
800 [292
900 285
1000 | 278
1100 | 271
1200 | 262
1300 | 251
1336. | 247
T239R TK k W/mK
Platinium pure 99.999% | 10 1230
20 495
30 215
40 139
50 109
60 94.7
70 86.2
80 815
90 78.9
100 77.5
150 |74
200 [72.4
250 | 71.7
2731|715
300 [71.4
350 715
400 |71.6
500 72.2
600 |73
700 74.1
800 75.5
900 |77
1000 | 78.6
1100 | 80.5
1200 | 82.5
1300 | 84.8
1400 | 87.1
1500 | 89.6
1600 | 92.1
1700 | 94.7
1800 | 97.3
k Ni Cu Fe Al Mn Si Co S M P
1287 C15 TK |wimk |671 |201 |1.72 | 004 [0.08 | 001|033 |001]043 |0.02
Monel 273.1|21.3
373.1|24.3
473.1127.6
573.1130.5
673.1|33.5
773.1136.8
873.1|39.8
973.1142.9
1073. | 46
27367 C1 TK k W/mK
Cotton fabric 313.2 | 0.0753
27367 C1 TK k W/mK




Cotton slicate

400.9

0.0582

402.7

0.0715

527.2

0.0885

582.2

0.1074

27368

TK

k W/mK

Cotton wool

92.2

0.0138

136

0.017

155.9

0.0211

188

0.0256

204.4

0.0275

217.2

0.0298

251.2

0.036

263.5

0.0384

278

0.0406

286.2

0.0422

2T373

TK

k W/mK

Asbestos cement board

338.7

0.77

366.5

0.757

394.3

0.749

422.1

0.742

449.8

0.739

477.6

0.736

505.4

0.736

533.2

0.736

560.9

0.733

588.7

0.731

2T374

TK

k W/mK

Asphalt-Glass wool

222.2

0.0304

233.7

0.0326

255.4

0.0348

272.2

0.0369

288.9

0.0394

305.5

0.0414

2T375

TK

k W/mK

cardboard

273.2

0.138

density 0.79 g/cm”3

293.2

0.143

323.2

0.167

2T376

TK

k W/mK

lignin impregnated

222

0.241

238.7

0.247

255.4

0.251

272.2

0.255

288.9

0.261

305.5

0.265

2T380

TK

k W/mK

Plywood

222

0.101

density 0.552 g/cm”3

238.7

0.104

255.4

0.107

272.2

0.111

288.9

0.114

305.5

0.117

27381 C34

TK

k W/mK

Fiberglass

260.7

0.036

density 0.033 g/cm”3

270.2

0.0389

275.7

0.0395

2T381C36

TK

k W/mK

Fiberglass

263.2

0.0291

density 0.12 g/cm”3

270.7

0.03

275.2

0.0307

280.2

0.0314

27381 C37

TK

k W/mK

Fiberglass

260.7

0.0291




density 0.088 g/cm”3

271.7

0.0325

277.2

0.0316

281.6

0.0322

286.2

0.0331

27382

TK

k W/mK

glass fiber board

289.1

0.0499

density 0.215 g/cm3

289.7

0.0495

290.1

0.0494

311.2

0.0324

311.6

0.0524

311.7

0.0518

315.7

0.053

2T385

TK

k W/mK

Paper

294.7

0.18

297.2

0.18

310.2

0.184

321.2

0.184

335.2

0.186

339.2

0.18

353.2

0.186

359.2

0.182

360.2

0.184

361.7

0.186

365.2

0.184

385.2

0.18

27387 C1

TK

k W/mK

Vegetable fibreboard

222

0.0495

0.75 in thick 0.251 g/cm3

238

0.0516

moisture 24.1 %

255.4

0.0542

272.2

0.0565

288.9

0.0588

305.5

0.0611

2T387 C2

TK

k W/mK

Vegetable fibreboard

222

0.0424

0.75 in thick 0.251 g/cm3

238

0.0441

moisture 3.1 %

255.4

0.046

272.2

0.0477

288.9

0.0495

305.5

0.0513

27387 C3

TK

k W/mK

Vegetable fibreboard

222

0.0411

0.75 in thick 0.251 g/cm3

238.7

0.043

moisture 0 %

255.4

0.0447

272.2

0.0466

288.9

0.0483

305.5

0.0502

2T389 C1

TK

k W/mK

wood fiber blanket

222

0.0286

density 0.056 g/cm3

238.7

0.0304

255.4

0.0322

272.2

0.034

288.9

0.0361

305.5

0.0384

27389 C2

TK

k W/mK

wood fiber mat

222

0.027

density 0.056 g/cm3

238.7

0.0293

255.4

0.0316

272.2

0.034

288.9

0.0363

305.5

0.0392

27390

TK

k W/mK

wool felt

313.2

0.0623




SG 0.15 343.210.0732
2T393 C1 TK k W/mK
Mineral fiber 297.110.042
0.0264 g/cm3 311 ]0.0453
324.810.0494
2T393 C2 TK k W/mK
Mineral fiber 297.1 | 0.0398
0.0561 g/cm3 311 ]0.0428
324.810.0463
2T393 C3 TK k W/mK
Mineral fiber 297.110.0375
0.0396 g/cm3 311 ]0.0404
324.810.0438
2T393 C4 TK k W/mK
Mineral fiber 297.1]0.0361
0.0529 g/cn3 311 ]0.0389
324.810.0418
2T393 C5 TK k W/mK
Mineral fiber 297.110.0378
0.0681 g/cm3 311 ]0.0401
324.810.0433
2T393 C6 TK k W/mK
Mineral fiber 297.1 | 0.0362
0.112 g/lcm3 311 ]0.0388
324.810.0412
2T394 C5 TK k W/mK
Mineral wool 222 0.0366
density 0.252 g/cm3 238.710.0387
255.410.0405
272.210.0424
288.910.0444
305.5]0.0464
27394 C6 TK k W/mK
Mineral wool 222 0.0346
density 0.2320.264 238.7 1 0.0361
255.410.0389
272.210.0404
288.910.0418
305.5]0.0464
2T400 TK k W/mK
Bitumen 292.110.166
355.910.173
2T402 TK k W/mK
charcoal 293 |0.36
2T264 TK k W/mK
olivine Basalt 209.3|0.142
density 1.49 g/cm3 249.910.254
267.1]0.165
279.910.246
338.210.157
367.110.228
27268 TK k W/mK
dolomite 484 |11.1
521 |1.08
565 |1.36
619 |1.37
678 |1.24
729 |1.25
773 |1.25
835 |1.14
888 |0.983
932 |1.09




970 [1.16

1051 | 0.699

1098 | 0.64

1173 10.356

1208 | 0.452

27269 TK k W/mK

earth 293.210.186

333.20.199

403.20.234

503.2 | 0.280

618.210.337

708.210.383

813.210.423

2T271 C4 TK k W/mK

granite 330 |151

383 |1.63

448 |1.76

483 |1.87

573 |1.76

658 |[2.01

728 |[1.74

793 |[1.74

811 |1.52

873 |[1.64

943 |18

27272 TK k W/mK

limestone 392.1|1.43

3959|142

450.4 | 1.41

472 | 1.19

512 |12

513 |1.28

546 [1.15

5563 |1.21

610 [1.21

683 |1.19

736 [1.12

813 |1.11

878 |1.11

952 [1.12

1013 | 1.07

1075 | 1.03

1181 | 0.619

1253 | 0.573

1324 | 0.54

27273 TK k W/mK

mica 92.2 10.0306

130.3 |1 0.0374

155.2 1 0.0396

176.21 0.0436

192.210.0478

206.2 ] 0.0509

216.410.053

225.210.0554

234.210.0571

248.210.0602

260.2 | 0.0635

265.210.0647

275.21 0.0656

288.910.0659

305.5]0.0687

2T274 TK k W/mK




expanded perlite

170.7

0.025

density 0.048

228.2

0.0325

283.2

0.0395

2T275

rock

287.3

0.606

consisted of fine grade

TK

k W/mK

2T276

332

2.91

salt

375

2.83

439

2.89

464

2.78

496

2.6

532

2.65

600

2.51

27277 C60

TK

k W/mK

sand

1804

0.209

212.6

0.243

235.4

0.296

279.3

0.172

279.9

0.138

303.8

0.236

312.1

0.22

332.1

0.222

342.6

0.246

2T278

TK

k W/mK

sandstone

303.2

0.0264

27302

TK

k W/mK

nylon

357.9

0.0138

27303

TK

k W/mK

phenolic resin

293.5

0.3

27305 C7

TK

k W/mK

Polyvinylchloride (PVC)

118.6

0.15

123.2

0.15

127.3

0.151

131.8

0.151

136.1

0.153

139.6

0.153

144.2

0.154

148.1

0.154

151.5

0.155

156.3

0.156

158.9

0.156

162.6

0.157

166.6

0.157

169.5

0.158

173.2

0.158

177.6

0.158

181

0.158

183.6

0.159

188

0.159

190.7

0.159

193.7

0.16

197.5

0.161

201.2

0.161

203.7

0.161

207.2

0.161

209.8

0.161

213.4

0.162

216.3

0.162

219.4

0.162

223.1

0.162

231.2

0.162

233.4

0.162




236.9

0.161

242.7

0.162

245.3

0.161

247.9

0.16

252.8

0.16

253.7

0.16

258.8

0.16

260.9

0.159

263.7

0.159

266.6

0.159

268.8

0.158

271.5

0.157

272.5

0.158

276.4

0.157

278.7

0.157

281.7

0.157

283.9

0.156

2866

0.156

289.1

0.156

291.3

0.155

294.2

0.155

296.8

0.155

298.8

0.155

301.4

0.155

304.2

0.154

306.1

0.154

308.4

0.154

310.7

0.153

312.7

0.153

316.7

0.153

317.3

0.153

320.7

0.152

322.7

0.152

324.8

0.152

3268

0.151

329.4

0.151

332.7

0.151

335.1

0.15

336.8

0.151

339.4

0.15

341.7

0.15

345.1

0.15

349.1

0.15

350.6

0.149

352.7

0.149

354.5

0.148

356.7

0.148

359.4

0.148

362.1

0.148

27306 C1

TK

k W/mK

Polyethylene MW 21000

305.2

0.28

317.2

0.278

322.2

0.268

333.7

0.264

343.7

0.268

352.7

0.276

362.7

0.274

2T306 C2

TK

k W/mK

Polyethylene MW 70000

293.2

0.349

313.2

0.331

319.2

0.32

326.2

0.316




328.2

0.314

333.2

0.31

344.7

0.301

349.7

0.295

360.2

0.285

371.2

0.272

2T308

TK

k W/mK

Plexiglass

183.3

0.105

polymethylmethacrylate

184.4

0.106

244.8

0.134

245.6

0.135

300.3

0.154

332.1

0.158

332.2

0.157

27309

TK

k W/mK

Polystyrene

249.2

0.109

273.2

0.116

306.2

0.126

339.2

0.129

350.2

0.118

363.2

0.128

373.2

0.129

423.2

0.136

466.2

0.139

2T316

TK

k W/mK

Teflon

358.7

0.42

394.3

0.411

439.3

0.401

470.9

0.317

481.5

0.346

485.4

0.346

527.6

0.352

532.1

0.337

5563.2

0.35%

563.2

0.426

572.1

0.404

27311

TK

k W/mK

polytrifluorochloroethyle

317.6

0.146

350.7

0.185

370.9

0.211

383.2

0.245

390.9

0.232

402.6

0.237

408.2

0.249

435.9

0.235

437.6

0.251

460.9

0.267

464.6

0.248

2T312

TK

k W/ mK

Rubber

109.2

0.0941

113.2

0.1

117.2

0.105

143.2

0.117

149.2

0.119

156.2

0.118

157.2

0.118

171.2

0.123

181.2

0.126

193.2

0.13

217.2

0.146

239.2

0.14

263.2

0.142




285.210.159
301.210.172

Values can also puttio a pogram format The following program uses cubic spline interpolation
formula to fit temperature dependent curve fitting.

public class thermal_conductivity CS_Data extends Object

/lthis class reads and store thermal conductivity data
public doublea[][];
public String solidName;
public String additional_info;
double kmin,kmax;
public double KI[][]; // thermal conductivity
public int n;
/l order of data
/I a[0] temperature degree K
/la [1] kI thermal conductivity
public thermal_conductivity_C®ata(String solidNamei,String additional_infoi,double ai[][])
{
solidName=solidNamei;
a=ai;
n=a[0].length;
additional_info=additional_infoi;
int n=a[0].length;
intij;
if(n>2) kl=cubic_spline(a[0],a[1],0.0,0.0);

public void additional_info(String s)
{additional_info=s;}
public static double [] thomas(double a[][],double r[])

int n=a.length;
double f[]=new double[n];
double e[J=new double[n];
double g[]=new double[n];
double x[]=new double[n];
for(int i=0;i<n;i++)  {fi]=al[i][i];}
for(int i=0;i<(n-1);i++) {g[i]=a[i][i+1];}
for(int i=0;i<(n-1);i++) {e[i+1]=a[i+1][i];}
for(int k=1;k<n;k++)

{elk]=e[K]/f[k -1];

flk]=fK] -e[k]*g[k-1];

}

for(int k=1;k<n;k++)
{rlk]=r[k] -e[k]*r{k-1];
}

x[n-1]=r[n-1)/f[n-1];

for(int k=(n-2);k>=0;k-)
{X[KI=(r[K] -gk]*x[k+1])/flk];}

return x;

}
public static double [] thomas(double f[],double e[],double g[],double r[])

int n=f.length;

double x[]=new doublef];

for(int k=1;k<n;k++)
{elk]=e[K]/fk -1];
}f[k]=f[k] -e[k]*g[k-1];

for(int k=1;k<n;k++)
{rK]=r[K] -e[k]*r{k-1];

x[n-1]=r[n-1]/f[n-1];

for(int k=(n-2);k>=0;k-)
{XIKI=(r[K] -glk]*x[k+1])/f[k];}

return x;

/lcubic spline curve fitting
public static double [J[] cubic_spline(double xi[],double yi[],double c0,double cn)

int n=xi.length;
double h[]=new double[n];
double w[]=new double[n];




double f{J=new double[n];
double e[J=new double[n]
double g[]=new double[n];
double d[]=new double[n];
double x[]=new double[n];
double S[][]=new double[4][n];
int k;
for(k=0;k<(n-1);k++)
{h[K]=xi[k+1] -xi[K];
WIK]=(yi[k+1]-yi[K])/h[K];

}
d[0]=cO0;
d[n-1]=cn;
for(k=1;k<(n-1);k++)
{d[k]=6.0*(w[K] -w[k-1]);}
f[0]=1.0;
f[n-1]=1.0;
g[0]=0.0;
g[n-1]=0.0;
€[0]=0.0;
e[n1]=0.0;
for(k=1;k<(n1);k++)
{flk]=2.0*(h[K]+h[k -1]);e[K]=h[k-1];g[K]=h[K];}
S[2]=thomas(f,e,q,d);
S[3]=xi;
for(k=0;k<(n1);k++)
{S[O][K]=(6.*yi[k+1] -h[K]*h[K]*S[2][k+1])/(6.0*h[K]);
}S[ll[k]=(6-*yi[k] -h[KI*h[K]*S[2][K])/(6.0*h[KI);

return S;

/lcubic spline curve fitting function
public static double funcSpline(double S[][],double x)

{
int n=S[0].length;
double xx1=0;
double xx2=0;
double y=0;
double hk=0;
for(int k=0;k<(n-1);k++)
{if(S[3][K]<=x && x<=S[3][k+1])
{hk=(S[3][k+1]-S[3][K]);
xx1=(x-S[3][K]);
xx2=(S[3][k+1}x);
y=S[0][K]*xx1+S[1][K]*xx2+(xX L1*xx1*xx1*S[2][k+1]+xx2*xx2*xx2*S[2][K])/(6.0*hkK);
break;

}

}
if(y==0 && S[3][n-2]<=x )
{

int k=n-2;
hk=(S[3][k+1}S[3][K]);
xx1=(x-S[3][K]);
xx2=(S[3][k+1}x);
y=S[0][K]*xx1+S[L][K]**xx2+(xx 1*xx1*xx1*S[2][k+1]+xx2*xx2*xx2*S[2][K])/(6.0*hkK);
}

returny;

/ICubic spline interpolation output
public static double[][] funcSpline(double xi[],double yi[],int numberofmidpoints)
{
/Inumberofmidpoints:in %0--0--x--0--0--X if X is X
/I are experimental points number of midpoints are 2
int n=xi.length;
int nn=(n1)*(numberofmidpoints+1)+1;
double z[]J[J=new double[2][nn];
double S[][]=cubic_spline(xi,yi,0,0);
double dx=0;
int k=0;
inti;
for(i=0;i<(n-1);i++)
{ z[O][k]=xi[i];z[1][K]=funcSpline(S,z[0][K]);k++;
for(int j=0;j<numberofmidpoints;j++)
{dx=(xi[i+1] -xi[i])/((double)numberofmidpoints+1.0);
z[0][k]=z[0][k -1]+dx;z[1][K]=funcSpline(S,z[O][K]);k++;}

z[0][K]=xi[i];z[1][k]=funcSpline(S, z[0][K]);




return z;

/I derivative formulas
I
public static double dfSpline(double xi[],double yi[],double c0,double cn,double x)
{ /1 k¢gbik kerit tegrev formgl ¢
double S[][]=cubic_spline(xi,yi,c0,cn);
return dfSpline(S,x);

public static double dfSpline(double S[]J[],double x)

/lcubic spline derivative formula
int n=S[0].length;
double xx1=0;
double xx2=0
double y=0;
double hk=0;
for(int k=0;k<(n-1);k++)
{if(S[3][K]<=x && x<=S[3][k+1])
{hk=(S[3][k+1]-S[3][K]);
xX1=(x-S[3][K]);
xx2=(S[3][k+1}x);
y=S[O][K]-S[1][K]+(xx1*xx1*S[2][k+1] -xx2*xx2*S[2][K])/(2.0*hk);
break;

}

}
if(y==0 && S[3][n-2]<=x)
{

int k=n-2;

hk=(S[3][k+1}S[3][K]);
xx1=(xS[3][K]);
xx2=(S[3][k+1}x);

y=S[0][K]*xx1+S[1][K]*xx2+(xx1*xx1*xx1*S[2][k+1]+xx2*xx2*xx2*S[2][k])/(6.0*hK);
}

returny;

}
public static double dfSpline(double xi[],double yi[],double x)

/Inatural cubic spline derivative formula
double S[][]=cubic_spline(xi,yi,0,0);
return dfSpline(S,x);

public static double intSpline(doubl¢]fdouble a,double b)
{
/lcubic spline function integral
int n=S[0].length;
double xx1=0;
double xx2=0;
double y1,y2;
double hk=0;
double toplam=0;
y1=0;y2=0;
for(int k=0;k<(n-1);k++)
{ hk=(S[3][k+1]-S[3][K]);
if(a>S[3][k+1])
{toplam=0;
Y/condition 1

else if(S[3][k]<=a && a<=S[3][k+1]

{
xx1=(aS[3][K]);
xx2=(S[3][k+1}a);

&& b>S[3][k+1]1)/1

y1=S[O][K]*xx1*xx1/2.0-S[1][K]*Xxx2*xx2/2.0+(XXL*XX1*Xx1*xx1*S[2][k+1] -xX2*xx2*xx2*xx2* S[2][K])/(24.0*hKk);

xx1=hk;
xx2=0;

y2=S[0][K]*xx1*xx1/2.0-S[L][K]*Xx2*xx2/2.0+(XXL*XXL*xX 1 *xx1*S[2][k+1] -xX2*xx2*xx2*xx2*S[2][K])/(24.0*hK);

toplam+=(y2y1);

}
else if(S[3][K]<=a && a<=S[3][k+1] && S[3]K]<=b && b<=S[ 3] [ k+1] )/ / kart 3

{/lcondition 3
xx1=(aS[3][K]);
xx2=(S[3][k+1}a);

y1=S[0][K]*xx1*xx1/2.0-S[1][K]*xx2*xx2/2.0+(xx1*XxX1*xx1*xx1*S[2][K+1] -xx2*xx2*xx2*xx2*S[2][K])/(24.0*hKk);

xx1=(o-S[3][K]);
xx2=(S[3][k+1}b);




y2=S[0][K]*xx1*xx1/2.0-S[1][K]*xx2*xx2/2.0+(XX1*XX1*XX1*xX1*S[2][k+1] -Xx2*xx2*xx2*xx2*S[2][K])/(24.0*hk);
toplam+=(y2y1);

else if(a<S[3][k] && b>=S[3][k+1]) //condition 4
{

xx1=0;

xx2=hk;

y1=S[0][K]*xx1*xx1/2.0-S[1][K]*xx2*xx2/2.0+(xx1*XX1*xx1*XX1*S[2][K+1] -xx2*xx2*xx2*xx2*S[2][K])/(24.0*hKk);
xx1=hk;

xx2=0;

y2=S[O][K]*Xx1*xx1/2.0-S[L][K]*XX2*XxX2/2.0+(XXL*XX 1 *xx 1 *xx 1 *S[2][k+1] -xX2*xx2*xx2*xx2*S[2][K])/(24.0*hK);
toplam+=(2-y1);

else if(S[3][k]<=b && b<=S[3][k+1])//condition 5

{xx1=0;

xx2=hk;

y1=S[0][K]**xx1*xx1/2.0-S[L][K]*XXx2*xx2/2.0+(XXL*xX L *xX 1 *xx 1 *S[2][k+1] -xx2*xx2*xx2*xx2*S[2][K])/(24.0*hK);
xx1=(b-S[3]K]);

xx2=(S[3][k+1]-b);

y2=S[0][K]**xx1*xx1/2.0-S[L][K]*XX2*xx2/2.0+ (XX L *xXL*xX 1 *xx 1 *S[2][k+1] -xx2*xx2*xx2*xx2*S[2][K])/(24.0*hK);
toplam+=(y2y1);

else break;
}

return toplam;

}

public static double sO(double S[][],ddle a,double b)
{
/I cubic spline function integral of (S(x)/x)
int n=S[0].length;
double xx1=0; //x
/lak S[0][K]
/Ibk S[1][k]
Ilck S[2][k]
IIxk s[3][K]
double xx2=0;
double y1,y2;
double hk=0;
double toplam=0;
y1=0;y2=0;
douwble xk1=0,xk=0,ak=0,bk=0,ck=0,ck1=0;
for(int k=0;k<(n-1);k++)
{ hk=(S[3][k+1]-S[3][K]);
xk=S[3][K];
xk1=S[3][k+1];
ak=S[O][K];
bk=S[1][K];
ck=S[2][K];
ck1=S[2][k+1];
if(a>xk1)
{toplam=0;
i kartl
el se if(xk<=a && a<=xkl && b>xkl)//kart 2

xx1=(xk1-a);

xx2=(xk1/a);
yl=(akbk)*xx1+(bk*xk1-ak*xk)*Math.log(xx2);
xx1=xk1;

XX2=a;
y1+=ck1*((XX1*XX1*XX1-XX2*xx2*xx2)/3.0-
1.5%(XXL*xX1-XX2*xx2)*XKk+

3.0*xk*xk*(xx1 -xx2)-
xk*xk*xk*Math.log(xx1/xx2))/6/hk;
yl+=ck*(xk1*xk1*xk1*Math.log(xx1/xx2)
3.0*XKL*XK1*(XX1-XX2)+1.5*XKk1*(XXL*XX1-XX2*XX2)-
1.0/3.0*(xxL*xx1*xx1-xx2*xx2*xx2))/6/hk;
toplam+=y1,

else if(S[3][k]<=a && a<=S[3][k+1] && S[3][k]<=b && b<=

{

xx1=(b-a);

xx2=(b/a);
y1=(akbk)*xx1+(bk*xk1-ak*xk)*Math.log(xx2);
xx1=b;

XX2=a;
y1+=ck1*((XXL*XX1*XX1-XX2*Xx2*xx2)/3.0-




1.5%(Xx1*xx1-Xx2*xx2)*xk+

3.0*xk*xk*(xx1 -xx2)-
xk*xk*xk*Math.log(xx1/xx2))/6/hk;
yl+=ck*(xk1*xk1*xk1*Math.log(xx1/xx2)
3.0*xk1*xk1*(xx1-xx2)+1.5*xk1*(XX1*xx1-XX2*xX2)-
1.0/3.0*(xx1*xx1*xx1-xx2*xx2*xx2))/6/hk;
toplam+=y1,;

else if(a<S[3][k] && b>=S[3][k+1]) //kart 4

{

xx1=(xk1-xKk);

xx2=(xk1/xk);
y1=(akbk)*xx1+(bk*xk1-ak*xk)*Math.log(xx2);
xx1=xk1;

xx2=xkK;

y1+=ck1*((XX1*XXx1*XX1-XX2*xx2*xx2)/3.0-
1.5%(XXL*xx1-xx2*xx2)*xk+

3.0*xk*xk*(xx1 -xx2)-
xk*xk*xk*Math.log(xx1/xx2))/6/hk;
yl+=ck*(xk1*xk1*xk1*Math.log(xx1/xx2)
3.0%*xk1*xk1*(xx1-xx2)+1.5*xk1*(xx1*xx1-xX2*xx2)-
1.0/3.0*(xxL*xx1*xx1-xx2*xx2*xx2))/6/hk;
toplam+=y1;

}

else if(S[3][k]<=b && b<=S[3][k+1])//kart 5
{ xx1=(b-xk);

xx2=(b/xk);
yl=(akbk)*xx1+(bk*xk1-ak*xk)*Math.log(xx2);
xx1=b;

xx2=xKk;

y1+=ck1*((XX1*XXx1*xx1-XXx2*xx2*xx2)/3.0-
1.5%(xxL*xx1-xx2*xx2)*xk +

3.0*xk*xk*(xx1 -xx2)-
xk*xk*xk*Math.log(xx1/xx2))/6/hk;
yl+=ck*(xk1*xk1*xk1*Math.log(xx1/xx2)
3.0*XKL*XK1*(XX1-XxX2)+1.5*XKk1*(XXL*XX1-XX2*XX2)-
1.0/3.0*(xx1*xx1*xx1-xx2*xx2*xx2))/6/hk;
toplam+=y1;

else break;
}
return toplam;

}

public static double intSpline(double xi[],double yi[],double c0,double cn,double a,double b)
{double S[][]=cubic_spline(xi,yi,c0,cn);

return intSpline(S,a,b);

}

public double k_I(double t)
{ if(n==1) return a[1][0];
else if(n==2)
{double R=(ta[0][0])/(a[0][1]-a[0][0]);
return a[1][0]+R*(a[1][1}a[1][0]);}
else
{ if(t<a[0][0]) return a[1][0];
else if(t>a[0][n1]) return a[1][R1];
else{
return funcSpline(kl,t);}
}
}
}
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import java.io.*;
import java.net.*,




import java.util.*;
import javax.swing.*;

public class thermal_conductivity CS

{ private static final long serialVersionUID =76986793L;
String s[l;

public thermal_conductivity CS_Data rd,;

public String solidName;

public String additional_info;

public thermal_onductivity_CS(String rName)

{

String s2[]={

"C9 Carbon Steel 3",

"C129 British steel 7",

"C124 12 Forged steel",

"C127 26 carbon steel",

"C132 British carbon steel 7",

"T328 C26 chromium steel",

"T328 C32 chromium steel",

"T330 C2 chromiummickel stainlss steel SS304",
"T331 C3 AISI 301 SS stainless steel",

"T331 C4 AISI 316 SS stainless steel",

"T331 C5 AISI 347 SS stainless steel",

"T331 C64 AISI 316 3A SS stainless steel",
"T331 C65 AISI 316 4A SS stainless steel",
"TS331R C A SS304 stainless steel",
"TS331R C B SS347 stainless steel",

"T12R Pure copper %99.999",

"T12R Pure Aluminium %99.999",

"T270 C1 Bronze bar 4",

"T99 C1 Aluminium bronze",

"T100 C1 cupro nickel",

"T100 C50 cupro nickel",

"T118 C1516 Brass 70/30",

"T363 C1 GaAs(solar cell)",

"T50R Single crystal silisium pure”,

"T52R Pure silver",

"T19 C1 Gold 99.999% pure",

"T23R Platinium pure 99.999%",

"T287 C15 Monel",

"2T367 C1 Cotton fabric",

"2T367 C1 cotton slicate"”,

"2T368 Cotton wool",

"2T373 Asbestos cement board",

"2T374 AsphakGlass waol",

"2T375 cardboard density 790 kg/m”3",
"2T376 lignin impregnated fireboard",

"2T380 Plywood density 552 kg/m"3",

"2T381 C34 Fiberglass density 33 kg/m"3",
"2T381 C36 Fiberglass density 120 kg/m"3",
"2T381 C37 Fiberglass density 88 kg/m"3",
"2T382 glasdiber board density 215 kg/m"3",
"2T385 paper",

"2T387 C1 Vegetable fibreboard 0.75 in thick 251 kg/m”3 moisture 24.1 %",
"2T387 C1 Vegetable fibreboard 0.75 in thick 251 kg/m”3 moisture 3.1 %",
"2T387 C1 Vegetable fibreboard 0.75 in thick 251 kg/m”3 tos0 %",
"2T389 C1 wood fiber blanket density 56 kg/m”3",
"2T389 C2 wood fiber mat density 56 kg/m”"3",
"2T390 wood felt SG 0.15",

"2T393 C1 mineral fiber density 26.4 kg/m"3",
"2T393 C2 mineral fiber density 56.1 kg/m”3",
"2T393 C3 mineral fiber densi§9.6 kg/m"3",
"2T393 C4 mineral fiber density 52.9 kg/m”3",
"2T393 C5 mineral fiber density 68.1 kg/m”3",
"2T393 C6 mineral fiber density 112 kg/m”"3",
"2T394 C5 mineral wool density 252 kg/m~3",
"2T394 C5 mineral wool density 23264 kg/m”3",
"2T400 Bitumen",

"2T402 charcoal",

"2T264 olivine basalt density 1490 kg/m"3",
"2T268 dolomite",

"2T269 earth”,

"2T271 C4 granite”,

"2T272 limestone",

"2T273 mica",

"2T274 expanded perlite density 48 kg/m”3",




"2T275 rock consisted fine grade quartz diorite",
"2T276 sat",

"2T277 C60 sand",

"2T278 sandstone”,

"2T302 nylon",

"2T303 phenalic resin",

"2T305 C7 polyvinylcholoride",

"2T306 C1 Polyethylene MW 21000",

"2T306 C2 Polyethylene MW 700€8D000",
"2T308 Plexiglass (polymethylmethacrylate)",
"2T309 Polystyrene",

"2T316 teflon”,

"2T311 polytrifluorochloroethylene",

"2T312 rubber'};

S=s2;

readref(rName);

public String[] list()
{return s;}

public String readNames()

{ String s1="";
for(int i=0;i<s.length;i++) {s1+=s[i]+\n";}
return sl1;

}

public boolean readref(&tg rName)
{ String s="",
boolean b2=false;
if(readrefl(rName))  {b2=true;}
solidName=rd.solidName;
additional_info=rd.additional_info;
return b2;

public boolean readrefl(String rName)

boolean bl=false;

if(rName.equals("C9 Carbdbteel 3"))

{double a[][I={{ 273.15,373.2,473.2,573.2,673.2,773.2},

{51,47.7,44.8,41.8,39.2,38.1}};

rd=new thermal_conductivity_CS_Data("C9 Carbon Steel 3","C 0.57 Mn 0.55 Si 0.38",a);

bl=true;}

else if(rName.equals("C129 British steel 7"))

{double
aflfj={{273.15,323.15,373.15,423.15,473.15,523.15,573.15,623.15,673.15,723.15,773.15,823.15,873.15,923.15,973.15,993.15,
23.15,1073.15,1123.15,1173.15,1223.15,1273.15},
{49.8,49.4,48.3,46.9,45.2,43.1,41.4,39.8,38.1,36.6,35.4,34.1,29.9,31.6,30.3,223,929.3,24.7,25.1,25.9,26.8}};
rd=new thermal_conductivity CS_Data("C129 British steel 7",

"C08 Cu0.07 Mn0.32 P0.08 SO0.09 Si0.13 Ni0.13 Cr0.11 As0.021"a);

bl=true;}

else if(rName.equals("C124 12 Forged steel))

{double
a[l[]={{283.15,303.15,39115,420.15,469.15,521.15,527.15,641.15,690.15,796.15,851.15,912.15,967.15,999.15,1044.15,1100.15
1199.15},

{43.9,43.9,43.9,43.9,43.5,43.1,41.4,41,41,36.8,35.8,36,38.5,29.7,28.9,30.5,28.9,31.8,}};

rd=new thermal_conductivity CS_Data("C124 12 Forstee|",

"C0.64 Cu0.09 Mn0.27 P0.01 S0.028 Si0.06"a);

bl=true;}

else if(rName.equals("C127 26 carbon steel"))

{double
a[l]={{283.15,303.15,391.15,420.15,469.15,521.15,527.15,641.15,690.15,796.15,851.15,912.15,967.15,999.15,1044.15,14.06, 14
119915},

{43.9,43.9,43.9,43.9,43.5,43.1,41.4,41,41,36.8,35.8,

36,38.5,29.7,28.9,30.5,28.9,31.8}};

rd=new thermal_conductivity CS_Data("C127 26 carbon steel",

"C1.3 Cu0.06 Mn0.4 P0.046 S0.018 Si0.08"a);

bl=true;}

else if(rName.equals("C132 British carbon 5#&%)

{double a[][I={{273.15,323.15,373.15,423.15,473.15,523.15,573.15,623.15},
{49.8,49.4,48.3,46.9,45.1,43.1,41.4,40.1}};

rd=new thermal_conductivity CS_Data("C132 British carbon steel 7",

"C0.8 Cu0.07 Mn0.32 P0.008 $S0.009 Si0.13 Ni0.13 Cr0.11 As0.02 Mo <0.01 Al 0.004",a);
bl=true;}

else if(rName.equals("T328 C26 chromium steel"))

{double a[][]={{273.15,323.15,373.15,423.15,473.15,523.15,573.15,623.15},
{27,27.2,27.6,27.6,27.8,27.8,28,28}};

rd=new thermal_conductivity CS_Data("T328 C26 chromium ‘steel




"Cr12.95 C0.13 Mn0.25 Ni0.14 P0.018 $S0.024 Si0.17 AI0.034 Cu0.06 V0.012 As0.015"a);

bl=true;}

else if(rName.equals("T330 C2 chromiuritkel stainless steel SS304"))

{double
a[[]={{273.2,373.2,405.9,423.2,444.1,457.2,463.2,473.2,483.3,512.2,523.2,547.8,583.7,599.6,614.3,637.8,670.5,678.7,695,757
3.2,839,851,904.1,920.5,934.1,991.4,1008},
{14.9,16.3,17.2,17.6,17.8,17.9,18.1,18.1,18.4,18.8,18.8,19.2,19.3,19.7,19.9,20.1,20.5,20.7,21,21.2,22,22.4,23.1,23 3428 2524,25
O

rd=new hermal_conductivity CS_Data("T330 C2 chromimickel stainless steel SS304",

"Cr17-19 Ni 7-9 C 0.11"a);

bl=true;}

else if(rName.equals("T331 C3 AlSI 301 SS stainless steel"))

{double a[][]={{136.8,184,225,266,329.8,355.5,380.3,405,536.4,602.5,722.3,887.8,1032.4,1038.8,1216.7},
{10.9,13,13.4,14.2,16.3,16.7,17.6,16.7,18.8,19.7,20.9,22.6,23.4,25.5,25.1,26.4}};

rd=new thermal_conductivity_CS_Data("T331 C3 AlISI 301 SS stainless steel",

"Cr16.82 Ni 11.66 C0.108 Mn 159 Mo02.18 P0.018 Si0.26 S0.023"%

bl=true;}

else if(rName.equals("T331 C4 AlSI 316 SS stainless steel"))

{double a[][]={{135.7,184.4,228.9,270,367.8,433.8,482.1,497.8,552.5,560.9,592.5,660.7,759.8,812.6,825.6,944.7,1031.5,4} 14,17
{10.5,11.3,12.6,13.4,14.6,15.5,15.1,15.9,15.9,18,18.8,20.1,20.5,20.9,22.2,23.4,23.8,25.1}};
rd=new thermal_conductivity_CS_Data("T331 C4 AISI 316 SS stainless steel",

"Cr16.82 Ni 11.66 C 0.108 Mn 159 Mo02.18 P0.018 Si0.26 S 0.023"a);
bl=true;}

else if(rName.equals("T331 C5 AISI 347 SS stainléssl’y)

{double
a[l[l={{137.7,185.4,228.6,269.2,361.9,427.9,429.5,490.8,540.7,550.1,552.1,576.5,662.8,741.5,768.9,801,919.1,996.9,1@}9.9,111
{11.7,13,14.2,14.6,15.1,15.9,16.7,16.7,18.4,17.6,16.7,18.8,18.8,20.5,20.1,21.3,23.4,23.4,24.7,25.9}};

rd=new hermal_conductivity CS_Data("T331 C5 AIS| 347 SS stainless steel",

"Cr17.65Ni10.94 C0.06 Co00.09 Mnl1l.64 Mo00.02 P 0.013 Nb0.73 Si0.58 S0.017"a);

bl=true;}

else if(rName.equals("T331 C64 AISI 316 3A SS stainless steel"))

{double
a[l[]={{273.7,334.8,38.7,388.7,391.5,413.7,417.6,430.9,431.5,457.1,460.9,481.5,500.9,514.3,520.4,589.8,605.4,6 13.7,659.3,6 7
712.6,722.1,799.8,800.4,897.1,958.2,982.6,1113.2,1185.9},
{13,14.2,14.6,15.4,15.4,15.8,15.7,16.5,15.9,16.3,16.5,17.1,17.3,17.5,17.5,18.9,99.8,639.5,19.9,20,20.4,22.1,22,23.6,24.4,24.6,2
,27.73;

rd=new thermal_conductivity_CS_Data("T331 C64 AISI 316 3A SS stainless steel",

"Cr17.45Ni12.60 C0.063 Cu0.09 Mn1.59 Mo255 P0.023 Si0.6 Co00.19 S0.017"a);
bl=true;}

else if(riName.equal$TS331R C A SS304 stainless steel"))

{double a[][]={{25,75,100,150,200,250,273.15,300,350,400,450,500,600,700,800,900,1000,1100,1200,1300,1400,1500,1600, 16¢
{2.7,5.8,8,9.5,11.5,13,14.2,14.7,15.2,16.2,17,17.7,18.4,19.8,21.2,22.5,23.9,25.3,26.7,2801928253,33.7,34.7}};

rd=new thermal_conductivity CS_Data("TS331R C A SS304 stainless steel",

"Cr 1820 Ni 8-12 Mn 2 max",a);

bl=true;}

else if(rName.equals("TS331R C B SS347 stainless steel"))

{double a[][]={{25.,50,75,100,150,200,250,273.15,300,350,460,500,600,700,800,900,1000,1100,1200,1300,1400,1500,1600,166
{2.5,5.4,7.6,9.1,11.1,12.6,13.8,14.3,14.8,15.7,16.5,17.2,17.9,19.2,20.5,21.9,23.2,24.6,25.9,27.3,28.6,30,31.3,32.7,33.6}};
rd=new thermal_conductivity CS_Data("TS331R C B SS347 stainkesls, st

"Cr 17-19 Ni9-13  Mn 2 maxSi 1 (mx)",a);

bl=true;}

else if(rName.equals("T12R Pure copper %99.999"))

{double a[][]={{10,20,30,40,50,60,70,80,90,100,150,200,273.15,300,350,400,500,600,700,800,900,1000,1100,1200,1300,1356},
{19600,10500,4300,2050,1283%0,670,570,514,483,428,413,401,398,394,392,388,383,377,371,364,357,350,342,334,330}};
rd=new thermal_conductivity CS_Data("T12R Pure copper %99.999",

"Cu %99.999",a);

bl=true;}

else if(rName.equals("T12R Pure Aluminium %99.999"))

{double a[][]={{10,20,3040,50,60,70,80,90,100,150,200,273.15,300,350,400,500,600,700,800,900,933.2},
{23500,11700,5180,2380,1230,754,532,414,344,302,248,237,236,237,394,340,237,232,226,220,213,211}};

rd=new thermal_conductivity CS_Data("T12R Pure Aluminium %99.999",

"Al %99.999"a);

bl=true;}

else if(rName.equals("T270 C1 Bronze bar 4"))

{double a[][]={{293,348,373,423,473,523},

{78.7,84.9,87.9,93.7,99.6,105.4}};

rd=new thermal_conductivity CS_Data("T270 C1 Bronze bar 4",

"Cu60.7 Zn38.5 Mn0.32 Sn0.5"a);

bl=true;}

else if(rNameesquals("T99 C1 Aluminium bronze"))

{double a[][]={{293.15,348.15,373.15,423.15,473.15,523.15},

{51,55.2,57.3,41.5,65.3,69.5}};

rd=new thermal_conductivity_CS_Data("T99 C1 Aluminium bronze","Cu 90 Al 10",a);

bl=true;}

else if(rName.equals("T100 C1 cuprakel"))

{double a[][]={{293,473},

{321,324.3}};




rd=new thermal_conductivity CS_Data("T100 C1 cupro nickel",

"Cu 99.73Ni 0.23",a);

bl=true;}

else if(rName.equals("T100 C50 cupro nickel"))

{double a[][]={{273.2,353.2,373.2,403.2},

{345.6,352,353.5,356}};

rd=new thermal_conductivity_CS_Data("T100 C50 cupro nickel",

"Cu 99.96Ni 0.303",a);

bl=true;}

else if(rName.equals("T118 Ci% Brass 70/30"))

{double
afl[l={{108.2,123.2,135.2,152.2,170.2,188.2,204.2,238.2,260.2,281.2,296.2,298.2,351.2,367.2,372.283612389,437.2,448.2,481.2
511.2,541.2,571.2,610.2,634.2,648.2,703.2},
{74.5,77.8,80.8,83.3,88.7,92.5,95.4,100.4,105.4,105.9,109.6,109.2,127.6,128,132.6,130.1,135.1,140.6,142.3,141,143.1,145.8,14
49.4,150.2,147.7,146.4}};

rd=new thermal_conduefity CS_Data("T118 C186 Brass 70/30",

"Cu70 Zn30"a);

bl=true;}

else if(rName.equals("T363 C1 GaAs(solar cell)"))

{double a[][]={{90,100,110,120,130,140,150,160,170,180,190,200,210,220,230,240,250,260,270,280,290,300},
{39.7,39.1,38.4,37.8,37.2,36.8,3636.1,35.8,35.6,35.3,35.1,34.9,34.6,34.4,34.3,34.1,34,33.7,33.6,33.5,33}};

rd=new thermal_conductivity CS_Data("T363 C1 GaAs(solar cell)",

" Hra);

bl=true;}

else if(rName.equals("T50R Single crystal silisium pure"))

{double
aflf={{10,20,30,40,50,60,70,8,90,100,150,200,250,273.15,300,350,400,500,600,700,800,900,1000,1100,1200,1300,1400,1500,1
5}

{2110,4940,4810,3530,2680,2110,1680,1340,1080,884,409,264,191,168,148,119,98.9,76.2,61.9,50.8,42.2,35.9,31.2,27.8,832,4
.7,22.1,22}};

rd=new tlermal_conductivity_CS_Data("T50R Single crystal silisium pure",

"Si % 99.999 ",a);

bl=true;}

else if(riName.equals("T52R Pure silver"))

{double a[][]={{10,20,30,40,50,60,70,80,90,100,150,200,250,273.15,300,350,400,500,600,700,800,900,1000,1100,1200,1234},
{16800,5100,1930,1050,700,550,497,471,460,450,432,430,428,428,427,424,420,413,405,397,389,382,374,366,358,355}};
rd=new thermal_conductivity_ CS_Data("T52R Pure silver",

" )

bl=true;}

else if(rName.equals("T19 C1 Gold 99.999% pure"))

{double a[][]={{10,20,30,40,50,60,70,80,90,100,150,200,250,273.15,300,350,400,500,600,700,800,900,1000,1100,1200,1300,13
{2820,1500,760,520,420,380,358,352,348,345,335,327,320,319,315,313,312,309,304,298,292,285,278,271,262,251,247}};
rd=new thermal_conductivity CS_D#t&19 C1 Gold 99.999% pure",

" )

bl=true;}

else if(rName.equals("T23R Platinium pure 99.999%"))

{double
a[lf={{10,20,30,40,50,60,70,80,90,100,150,200,250,273.15,300,350,400,500,600,700,800,900,1000,1100,1200,1300,14001178D0
0,1800},
{1230,495,25,139,109,94.7,86.2,81.5,78.9,77.5,74,72.4,71.7,71.5,71.4,71.5,71.6,72.2,73,74.1,75.5,77,78.6,80.5,82.5,84.8,8791,
4.7,97.3}};

rd=new thermal_conductivity_CS_Data("T23R Platinium pure 99.999%",

" )

bl=true;}

else if(rName.equals("T287 C15 Mel"))

{double a[][]={{273.15,373.15,473.15,573.15,673.15,773.15,873.15,973.15,1073.15},
{21.3,24.3,27.6,30.5,33.5,36.8,39.8,42.9,46}};

rd=new thermal_conductivity CS_Data("T287 C15 Monel",

"Ni 67.1 Cu 29.18 Fe 1.72 Al 0.04 Mn 0.98 Si 0.01 Co 0.33 S 0Mi1.8.13 P 0.024",a);

bl=true;}

else if(rName.equals("2T367 C1 Cotton fabric"))

{double a[][]={{313.2},{0.0753}};

rd=new thermal_conductivity_CS_Data("2T367 C1 Cotton fabric",

" n’a);

bl=true;}

else if(rName.equals("2T367 C1 cotton slicate"))

{double a[][]={{400.9,402.7,527.2,582.2},{0.0582,0.0715,0.0885,0.1074}},

rd=new thermal_conductivity CS_Data("2T367 C1 cotton slicate"," ",a);

bl=true;}

else if(rName.equals("2T368 Cotton wool"))

{double a[][]={{92.2,136,155.9,188,204.4,217.2,251.2,263.5,278,286.2},
{0.0138,0.017,0.0211,0.0256,0.0275,0.0298,0.036,0.0384,0.0406,0.0422}};

rd=new thermal_conductivity_CS_Data("2T368 Cotton wool"," ",a);

bl=true;}

else if(rName.equals("2T373 Asbestos cement board"))

{double a[][]={{338.7,366.5,394.3,422.1,449.8,477.6,505.8,23560.9,588.7},
{0.77,0.757,0.749,0.742,0.739,0.736,0.736,0.736,0.733,0.731}};




rd=new thermal_conductivity CS_Data("2T373 Asbestos cement board"," ",a);

bl=true;}

else if(rName.equals("2T374 Asphéitass wool"))

{double a[][]={{222.2,233.7,255.4,272.238.9,305.5},

{0.0304,0.0326,0.0348,0.0369,0.0394,0.0414}};

rd=new thermal_conductivity_CS_Data("2T374 Aspl@liass wool"," *,a);

bl=true;}

else if(rName.equals("2T375 cardboard density 790 kg/m”"3"))

{double a[][]={{273.2,293.2,323.2},{0.138,0.143,0.167}};

rd=new thermal_conductivity CS_Data("2T375 cardboard density 790 kg/m"3"," ",a);

bl=true;}

else if(rName.equals("2T376 lignin impregnated fireboard"))

{double a[][I={{222,238.7,255.4,272.2,288.9,305.5},{0.241,0.247,0.251,0.255,0.261,0.265}};

rd=new thermb conductivity CS_Data("2T376 lignin impregnated fireboard"," ",a);

bl=true;}

else if(rName.equals("2T380 Plywood density 552 kg/m”3"))

{double a[][]={{222,238.7,255.4,272.2,288.9,305.5},{0.101,0.104,0.107,0.111,0.114,0.117}};

rd=new thermal_conductivity € Data("2T380 Plywood density 552 kg/m"3"," ",a);

bl=true;}

else if(rName.equals("2T376 lignin impregnated fireboard"))

{double a[][]={{222,238.7,255.4,272.2,288.9,305.5},{0.241,0.247,0.251,0.255,0.261,0.265}};

rd=new thermal_conductivity CS_Data("2T37@nin impregnated fireboard"," ",a);

bl=true;}

else if(rName.equals("2T380 Plywood density 552 kg/m”3"))

{double a[][1={{222,238.7,255.4,272.2,288.9,305.5},{0.101,0.104,0.107,0.111,0.114,0.117}};

rd=new thermal_conductivity CS_Data("2T380 Plywood densig/kgm"3","density 552 kg/m"3",a);
bl=true;}

else if(rName.equals("2T381 C34 Fiberglass density 33 kg/m”"3"))

{double a[][]={{260.7,270.2,275.7},{0.036,0.0389,0.0395}};

rd=new thermal_conductivity CS_Data("2T381 C34 Fiberglass density 33 kg/m"3","denkgin38",a);
bl=true;}

else if(rName.equals("2T381 C36 Fiberglass density 120 kg/m”3"))

{double a[][]={{263.2,270.7,275.2,280.2},{0.0291,0.03,0.0307,0.0314}};

rd=new thermal_conductivity_CS_Data("2T381 C36 Fiberglass density 120 kg/m”3","density 120"kaym"3
bl=true;}

else if(rName.equals("2T381 C37 Fiberglass density 88 kg/m”"3"))

{double a[][]={{260.7,271.7,277.2,281.6,286.2},{0.0291,0.0325,0.0316,0.0322,0.0331}};

rd=new thermal_conductivity_CS_Data("2T381 C37 Fiberglass density 88 kg/m"3","densgin8%k a);
bl=true;}

else if(rName.equals("2T382 glass fiber board density 215 kg/m”3"))

{double a[][]={{289.1,289.7,290.1,311.2,311.6,311.7,315.7},{0.0499,0.0495,0.0494,0.0324,0.0524,0.0518,0.053}};
rd=new thermal_conductivity CS_Data("2T382 glass fitmrt density 215 kg/m~3","density 215 kg/m"3",a);
bl=true;}

else if(riName.equals("2T385 paper"))

{double a[][]={{294.7,297.2,310.2,321.2,335.2,339.2,353.2,359.2,360.2,361.7,365.2,385.2},
{0.18,0.18,0.184,0.184,0.186,0.18,0.186,0.182,0.184,0.186,0.184,0.18}

rd=new thermal_conductivity_CS_Data("2T385 paper"," ",a);

bl=true;}

else if(rName.equals("2T387 C1 Vegetable fibreboard 0.75 in thick 251 kg/m"3 moisture 24.1 %"))
{double a[][]={{222,238,255.4,272.2,288.9,305.5},{0.0495,0.0516,0.0542,0.0565,0.058819}06
rd=new thermal_conductivity CS_Data("2T387 C1 Vegetable fibreboard 0.75 in thick 251 kg/m"3 moisture 24.1 %","0.75%4 thick
kg/m"3 moisture 24.1 %",a);

bl=true;}

else if(rName.equals("2T387 C1 Vegetable fibreboard 0.75 in thick 251 kg/m"3 re@stuo"))

{double a[][]={{222,238,255.4,272.2,288.9,305.5},{0.0424,0.0441,0.046,0.0477,0.0495,0.0513}};
rd=new thermal_conductivity_CS_Data("2T387 C1 Vegetable fibreboard 0.75 in thick 251 kg/m”3 moisture 3.1 %","0.75 id thick 2
kg/m”3 moisture 3.1 %")a

bl=true;}

else if(rName.equals("2T387 C1 Vegetable fibreboard 0.75 in thick 251 kg/m”3 moisture 0 %"))
{double a[][I={{222,238,255.4,272.2,288.9,305.5},{0.0411,0.043,0.0447,0.0466,0.0483,0.0502}};
rd=new thermal_conductivity CS_Data("2T387 C1 Vegetéibteboard 0.75 in thick 251 kg/m”3 moisture 0 %","0.75 in thick 251
kg/m”3 moisture 3.1 %",a);

bl=true;}

else if(rName.equals("2T389 C1 wood fiber blanket density 56 kg/m”3"))

{double a[][]={{222,238,255.4,272.2,288.9,305.5},{0.0286,0.0304,0.0322,0.03360.,0.0384}};
rd=new thermal_conductivity_CS_Data("2T389 C1 wood fiber blanket density 56 kg/m”3","density 56 kg/m"3",a);
bl=true;}

else if(rName.equals("2T389 C2 wood fiber mat density 56 kg/m”3"))

{double a[][1={{222,238,255.4,272.2,288.9,305.5},{0.097)293,0.0316,0.034,0.0363,0.0392}};
rd=new thermal_conductivity CS_Data("2T389 C2 wood fiber mat density 56 kg/m”3"," ",a);
bl=true;}

else if(rName.equals("2T390 wood felt SG 0.15"))

{double a[][]={{313.2,343.2},{0.0623,0.0732}};

rd=new thermal_conductityi_CS_Data("2T390 wood felt SG 0.15"," ",a);

bl=true;}

else if(rName.equals("2T393 C1 mineral fiber density 26.4 kg/m”3"))

{double a[][I={{297.1,311,324.8},{0.042,0.0453,0.0494}};




rd=new thermal_conductivity CS_Data("2T393 C1 mineral fiber density 26mdN8g§/'density 26.4 kg/m"3",a);
bl=true;}

else if(rName.equals("2T393 C2 mineral fiber density 56.1 kg/m”3"))

{double a[][]={{297.1,311,324.8},{0.0398,0.0428,0.0463}}

rd=new thermal_conductivity CS_Data("2T393 C3 mineral fiber density 39.6 kg/m"3","dBfsitkg/m"3",a);
bl=true;}

else if(rName.equals("2T393 C1 mineral fiber density 26.4 kg/m”"3"))

{double a[][]={{297.1,311,324.8},{0.0375,0.0404,0.0438}};

rd=new thermal_conductivity_CS_Data("2T393 C3 mineral fiber density 39.6 kg/m”3","density 26.4 kgjn"3"
bl=true;}

else if(rName.equals("2T393 C4 mineral fiber density 52.9 kg/m”"3"))

{double a[][]={{297.1,311,324.8},{0.0361,0.0389,0.0418}};

rd=new thermal_conductivity CS_Data("2T393 C4 mineral fiber density 52.9 kg/m~3","density 52.9 kg/m"3",a);
bl=true}

else if(rName.equals("2T393 C4 mineral fiber density 52.9 kg/m”3"))

{double a[][I={{297.1,311,324.8},{0.0361,0.0389,0.0418}};

rd=new thermal_conductivity_CS_Data("2T393 C4 mineral fiber density 52.9 kg/m~3","density 52.9 kg/m"3",a);
bl=true;}

else if(rNane.equals("2T393 C5 mineral fiber density 68.1 kg/m”"3"))

{double a[][]={{297.1,311,324.8},{0.0378,0.0401,0.0433}};

rd=new thermal_conductivity_CS_Data("2T393 C5 mineral fiber density 68.1 kg/m”3","density 568.1 kg/m"3",a);
bl=true;}

else if(rName.equals(T™393 C6 mineral fiber density 112 kg/m"3"))

{double a[][]={{297.1,311,324.8},{0.0362,0.0388,0.0412}};

rd=new thermal_conductivity_CS_Data("2T393 C6 mineral fiber density 112 kg/m"3","density 112 kg/m~3",a);
bl=true;}

else if(rName.equals("2T394 C5 minevabol density 252 kg/m”3"))

{double a[][]={{222,238.7,255.4,272.2,288.9,305.5},{0.0366,0.0387,0.0405,0.0424,0.0444,0.0464}};

rd=new thermal_conductivity CS_Data("2T394 C5 mineral wool density283%g/m~3","density 252 kg/m"3",a);
bl=true;}

else if(riNameequals("2T393 C6 mineral fiber density 112 kg/m”3"))

{double a[][]={{222,238.7,255.4,272.2,288.9,305.5},{0.0346,0.0361,0.0389,0.0404,0.0418,0.0464}};

rd=new thermal_conductivity CS_Data("2T394 C5 mineral wool density2B3%g/m”3","density 23264 kg/m"3,a);
bl=true;}

else if(rName.equals("2T400 Bitumen"))

{double a[][]={{292.1,355.9},{0.166,0.173}};

rd=new thermal_conductivity CS_Data("2T400 Bitumen"," ",a);

bl=true;}

else if(rName.equals("2T402 charcoal))

{double a[][]={{293},{0.166,0.36}};

rd=new themal_conductivity CS_Data("2T402 charcoal"," ",a);

bl=true;}

else if(rName.equals("2T264 olivine basalt density 1490 kg/m”3"))

{double a[][]={{209.3,249.9,267.1,279.9,338.2,367.1},{0.142,0.254,0.165,0.246,0.157,0.228}};

rd=new thermal_conductivity CS_Data{264 olivine basalt density 1490 kg/m”3","density 1490 kg/m"3 ",a);
bl=true;}

else if(rName.equals("2T268 dolomite"))

{double a[][]={{484,521,565,619,678,729,773,835,888,932,970,1051,1098,1173,1208},
{1.1,1.08,1.36,1.37,1.24,1.25,1.25,1.14,0.983,1.06,0.699,0.64,0.356,0.452}};

rd=new thermal_conductivity_CS_Data("2T268 dolomite"," ",a);

bl=true;}

else if(rName.equals("2T269 earth"))

{double a[][]={{293.2,333.2,403.2,503.2,618.2,708.2,813.2},{0.186,0.199,0.234,0.289,0.337,0.383,0.423}};
rd=new thermalconductivity CS_Data("2T269 earth"," ",a);

bl=true;}

else if(rName.equals("2T271 C4 granite"))

{double a[][]={{330,383,448,483,573,658,728,793,811,873,943} {1.51,1.63,1.76,1.87,1.76,2.01,1.74,1.74,1.52,1.64,1.8}};
rd=new thermal_conductivity CS_Data("ZT2C4 granite"," ",a);

bl=true;}

else if(rName.equals("2T272 limestone™))

{double a[][]={{392.1,395.9,450.4,472,512,513,546,553,610,683,736,813,878,952,1013,1075,1181,1253,1324},
{1.43,1.42,1.41,1.19,1.2,1.28,1.15,1.21,1.21,1.19,1.12,1.11,1.11,1.12a300.819,0.573,0.54}};

rd=new thermal_conductivity_CS_Data("2T272 limestone"," ",a);

bl=true;}

else if(rName.equals("2T273 mica"))

{double a[][1={{92.2,130.3,155.2,176.2,192.2,206.2,216.4,225.2,234.2,248.2,260.2,265.2,275.2,288.9,305.5},
{0.0306,0.0374,M396,0.0436,0.0478,0.0509,0.053,0.0554,0.0571,0.0602,0.0635,0.0647,0.0656,0.0659,0.0687}};
rd=new thermal_conductivity CS_Data("2T273 mica"," ",a);

bl=true;}

else if(rName.equals("2T274 expanded perlite density 48 kg/m”3"))

{double a[][]={{170.7,228.2,28.2},{0.025,0.0325,0.0395}};

rd=new thermal_conductivity CS_Data("2T274 expanded perlite density 48 kg/m"3","density 48 kg/m”3",a);
bl=true;}

else if(rName.equals("2T275 rock consisted fine grade quartz diorite"))

{double a[][]={{287.3},{0.606}};

rd=new tlermal_conductivity CS_Data("2T275 rock consisted fine grade quartz diorite"," ",a);

bl=true;}




else if(rName.equals("2T276 salt"))

{double a[][]={{332,375,439,464,496,532,600},{2.91,2.83,2.89,2.78,2.6,2.65,2.51}};

rd=new thermal_conductivity_CS_Data("2T254t"," ",a);

bl=true;}

else if(rName.equals("2T277 C60 sand"))

{double a[][]={{180.4,212.6,235.4,279.3,279.9,303.8,312.1,332.1,342.6},
{0.209,0.243,0.296,0.172,0.138,0.236,0.22,0.222,0.246}};

rd=new thermal_conductivity CS_Data("2T277 C60 sand"," ",a);

bl=true;}

else if(rName.equals("2T278 sandstone"))

{double a[][]={{303.2},{0.0264}};

rd=new thermal_conductivity CS_Data("2T278 sandstone"," ",a);

bl=true;}

else if(rName.equals("2T302 nylon"))

{double a[][]={{357.9},{0.0138}};

rd=new thermal_conductivity C®ata("2T278 sandstone"," ",a);

bl=true;}

else if(rName.equals("2T303 phenolic resin“))

{double a[][]={{293.5},{0.3}};

rd=new thermal_conductivity CS_Data("2T303 phenolic resin"," ",a);

bl=true;}

else if(rName.equals("2T305 C7 polyvinylcholoride"))

{double
aflfl={{118.6,123.2,127.3,131.8,136.1,139.6,144.2,148.1,151.5,156.3,158.9,162.6,166.6,169.5,173.2,177.6,181,183.6, 83719977,
5,201.2,203.7,207.2,209.8,213.4,216.3,219.4,223.1,231.2,233.4,236.9,242.7,245.3,247.9,252.8,253.7,
258.8,260.9,263.7,2665,268.8,271.5,272.5,276.4,278.7,281.7,283.9,286.6,289.1,291.3,294.2,296.8,298.8,301.4,304.2,306.1,308.4
2.7,316.7,317.3,320.7,322.7,324.8,326.8,329.4,332.7,335.1,336.8,339.4,341.7,345.1,349.1,350.6,352.7,354.5,356.7,359.4,362. 1
{0.15,0.15,0.151,051,0.153,0.153,0.154,0.154,0.155,0.156,0.156,0.157,0.157,0.158,0.158,0.158,0.158,0.159,0.159,0.159,0.16,(
1,0.161,0.161,0.161,0.162,0.162,0.162,0.162,0.162,0.162,0.161,0.162,0.161,0.16,0.16,0.16,0.16,0.159,
0.159,0.159,0.158,0.157,0.158,0.15750.0.157,0.156,0.156,0.156,0.155,0.155,0.155,0.155,0.155,0.154,0.154,0.154,0.153,0.153,
153,0.152,0.152,0.152,0.151,0.151,0.151,0.15,0.151,0.15,0.15,0.15,0.15,0.149,0.149,0.148,0.148,0.148,0.148}};
rd=new thermal_conductivity_CS_Data("2T305 C7 patyicholoride"," ",a);

bl=true;}

else if(rName.equals("2T306 C1 Polyethylene MW 21000"))

{double a[][]={{305.2,317.2,322.2,333.7,343.7,352.7,362.7},
{0.28,0.278,0.268,0.264,0.268,0.276,0.274}};

rd=new thermal_conductivity CS_Data("2T306 C1 Polyethylene 21\800"," ",a);

bl=true;}

else if(rName.equals("2T306 C2 Polyethylene MW 7080000"))

{double a[][]={{293.2,313.2,319.2,326.2,328.2,333.2,344.7,349.7,360.2,371.2},
{0.349,0.331,0.32,0.316,0.314,0.31,0.301,0.295,0.285,0.272}};

rd=new thermal_conductivity & Data("2T306 C2 Polyethylene MW 70680000"," ",a);

bl=true;}

else if(rName.equals("2T308 Plexiglass (polymethylmethacrylate)"))

{double a[][]={{183.3,184.4,244.8,245.6,300.3,332.1,332.2},
{0.105,0.106,0.134,0.135,0.154,0.158,0.157}};

rd=new thermal_condttivity CS_Data("2T308 Plexiglass (polymethylmethacrylate)"," ",a);

bl=true;}

else if(rName.equals("2T309 Polystyrene"))

{double a[][]={{249.2,273.2,306.2,339.2,350.2,363.2,373.2,423.2,466.2},
{0.109,0.116,0.126,0.129,0.118,0.128,0.129,0.136,0.139}};

rd=new thermal_conductivity CS_Data("2T309 Polystyrene"," ",a);

bl=true;}

else if(rName.equals("2T316 teflon"))

{double a[][]={{358.7,394.3,439.3,470.9,481.5,485.4,527.6,532.1,553.2,563.2,572.1},
{0.42,0.411,0.401,0.317,0.346,0.346,0.352,0.337,0.375,0.4268}9.40

rd=new thermal_conductivity CS_Data("2T316 teflon"," ",a);

bl=true;}

else if(rName.equals("2T311 polytrifluorochloroethylene"))

{double a[][1={{317.6,350.7,370.9,383.2,390.9,402.6,408.2,435.9,437.6,460.9,464.6},
{0.146,0.185,0.211,0.245,0.232,0.23249,0.235,0.251,0.267,0.248}},

rd=new thermal_conductivity CS_Data("2T311 polytrifluorochloroethylene"," *,a);

bl=true;}

else if(rName.equals("2T312 rubber"))

{double a[][]={{109.2,113.2,117.2,143.2,149.2,156.2,157.2,171.2,181.2,193.2,217.2,239.2,263,3(2B3},
{0.0941,0.1,0.105,0.117,0.119,0.118,0.118,0.123,0.126,0.13,0.146,0.14,0.142,0.159,0.172}};

rd=new thermal_conductivity CS_Data("2T312 rubber"," ",a);

bl=true;}

return b1,

}
public String[][] toString(double t)

String s1[][l=new String[4}];
s1[0][0]=" name ";
s1[1][0]=" additional info";
s1[2][0]=" temperature";
s1[2][1]=""+t;




s1[3][0]=" k ,thermal conductivity";
s1[2][2]="degree Celcius";
s1[3][2]="W/(mK)";
s1[0][1]=rd.solidName;
s1[1][1]=rd.additional_infp
S1[3][L]=""+k(t);

return sl;

}

double k(double t)

{double T=t+273.15;return rd.k_I(T);}

public static void main(String arg[])

{thermal_conductivity_CS tc=new thermal_conductivity CS("C9 Carbon Steel 3");
double t=100.0;

System.out.printin("k="+t c.k(t)+" W/mK");

1}

import java.awt.*;

import java.awt.event.*;
import javax.swing.*;
import javax.swing.table.*;
import javax.swing.event.*;

class thermal_conductivity_CS_Model extends AbstractTableModel
{ private static final long serialVersionUID £39657756L;
Object[][] veri;
String[] baslik={"Name ","Value ","Units"};
thermal_conductivity_CS g;

public thermal_conductivity_CS_Model()

{

g=new thermal_conductivity CS("C9 Carbon Steel 3");
veri=g.toString(20);

}

public thermal_onductivity CS_Model(String s,double t)
{

g=new thermal_conductivity_CS(s);

veri=g.toString(t);

}

public thermal_conductivity CS_Model(String s)
{

g=new thermal_conductivity_CS(s);
veri=g.toString(20);

public int getRowCount()feturn veri.length;}

public int getColumnCount() {return baslik.length;}

public Object getValueAt(int satir,int sutun) {return veri[satir][sutun];}
public String getColumnName(int ¢) {return baslik[c];}

public void setValueAt(Object val, int rownti col)

veri[row][col] = val;

public void setValues(String s,double t)

{

g=new thermal_conductivity_CS(s);
veri=g.toString(t);
}

public void setValues(double t)
{veri=g.toString(t);}

public boolean isCellEditable(inbw, int col) {return true;}

import java.lang.Integer;
import java.awt.*;

import java.awt.event.*;
import java.awt.font.*;
import java.awt.geom.*;
import java.awt.image.*;
import javax.swing.*;
import java.util.Locale;




import java.text.*;

import java.io.*;

import java.awt.*;

import java.awt.event.*;
import java.util.*;

import javax.swing.table.*;

public class thermal_conductivity CS_Table extends JApplet implements ItemListener,ActionListener
{ private static final long sélVersionUID =9576876L;
Container c;
Color bg;
JTabbedPane tabPane = new JTabbedPane();
JScrollPane skrolPane;
JScrollPane skrolPanel,;
final static String sayl = "substance ";
final static String say2 = "additional information
/limagelcon sogutucuakiskanlar;
JPanel panell;
JPanel girisPaneli;
JScrollPane cikisPaneli;
JLabel I11[]=new JLabel[2]; /I Label prompt unit
JLabel 12[]=new JLabel[2]; /I Label prompt unit
JTextField t1[]=new JTextField[2];
JConboBox<String> cl;
JTextArea output;
JTable jt;
thermal_conductivity CS_Model samodel;
/lcondYTOK cond,;
double aa[]l=new double[10]; /é kt & dej erl eri
/llcon turkoglu_logo;
JButton b1;
double ts;
String isim;
String s1[];
JTextArea LSK;
public void init()

{
isim="C9 Carbon Steel 3";
samodel=new thermal_conductivity CS_Model();
ts=20.0;
sl=samodel.qg.list();
¢ =getContentPane();
panell = new JPanel();
panell.setBackground(c.getBackground());
panell.setLayout(new BorderLayout());
It
output=new JTextArea(toString());
output.setBackground(bg);

11[0]=new JLabel("name of the solid : ");
11[0].setBorder(BorderFactory.createEtchedBorder(Color.blue,Color.yellow));
Font fo16=I1[0].getFont();

fol6=new Font(fo16.getFontName(),Font.BOLD,10);

Font fol2=new Font(fol6.getFontNamé&pnt.BOLD,12);

Font fol0=new Font(fol6.getFontName(),Font.BOLD,10);
11[0].setFont(fo10);

output.setFont(fo10);

/Ipanell.add(b1,BorderLayout. NORTH);
panell.add(output,BorderLayout. NORTH);

LSK=new JTextArea(toString());

11[1]=new JLabel(" temperature");
11[1].setBorder(BorderFactory.createEtchedBorder(Color.blue,Color.yellow));
12[0]=new JLabel(" ");
12[0].setBorder(BorderFactory.createEtchedBorder(Color.blue,Color.yellow));
12[1]=new JLabe(" degree Celcius");
12[1].setBorder(BorderFactory.createEtchedBorder(Color.blue,Color.yellow));
cl=new JComboBox<String>(sl);
cl.setBorder(BorderFactory.createEtchedBorder(Color.blue,Color.yellow));
t1[1]=new JTextField("'+ts);
t1[1].setBorder(BorderFactory.createEtchedBorder(Color.blue,Color.yellow));
jt=new JTable(samodel);

girisPaneli = new JPanel();

girisPaneli.setLayout(new GridLayout(2,3));
girisPaneli.setBorder(BorderFactory.createLineBordergClolue));
cikisPaneli=new JScrollPane(jt);

girisPaneli.add(11[0]);

girisPaneli.add(cl);




girisPaneli.add(12[0]);

girisPaneli.add(I1[1]);

girisPaneli.add(t1[1]);

girisPaneli.add(12[1]);
t1[1].setBackground(hg
11[0].setBackground(bg);
11[1].setBackground(bg);
cl.setBackground(bg);
12[0].setBackground(bg);
12[1].setBackground(bg);
jt.setBackground(bg);
t1[1].setFont(fo12);
jt.setFont(fol2);
cl.addltemListener(this);
t1[1].addActionListener(this);
panell.add(girisPaneli,BorderLayout. CENTER);
/lcikisPaneli.add(jt,BorderLayout. NORTH);
panell.add(cikisPaneli,BorderLayout. SOUTH);

11
skrolPane=new JScrollPane(pangll)
skrolPanel=new JScrollPane(output);
tabPane.addTab(sayl,skrolPane);

tabPane.addTab(say2,skrolPanel);
c.add(tabPane);

}

public void itemStateChanged(ltemEvent e)
{
isim=(String)cl.getSelectedltem();
Double V1=new Double(t1[1].getText());
ts=V1.doubleValue();
t1[1].setText(""+ts);
samodel.setValues(isim,ts);
repaint();

public void actionPerformed(ActionEvent €)
{
if(e.getSource()==t1[1])
{Double V1=new Double(t1[1].g&ext());
ts=V1.doubleValue();}
t1[1].setText(""+ts);
samodel.setValues(ts);
repaint();
}

public static String toString(double left, int w, int d)

/I converts a double to a string with given width and decimals.

{
NumbeFormat df=NumberFormat.getinstance(Locale.US);
df.setMaximumFractionDigits(d);

df.setMinimumFractionDigits(d);

df.setGroupingUsed(false);

String s = df.format(left);

while (s.length() < w)

s=""+s;
if (s.length() > w)
{

s=m
for (int i=0; i<w; i++)

return s;

}

public String toString()

{
String s=" Thermal conductivity of solidén";
s+=" M. Tunhan ¢OBAN
S + EGE | ni ver si ngyDepa$meit of mechanicaf engElnngriTuikeye r i
s+=" email : turhan_coban@yahoo.camt
s+=" web : www.turhancoban.caonf;
s+=" AN
s+="list of solids An";
Ss+="




s+=samodel.g.readNames();
return s;

}

public static void main(String s[])
{
//main program
JFrame f = new JFrame("Thermal conductivity of solids");
f.addWindowListener(new WindowAdapter() {
public void windowClosing(WindowEvent e) {System.exit(0);}
bl
JApplet applet = new thermal_conductivity CS_Table();
f.getContentPane().add("Center", applet);
applet.init();
f.pack();
f.setSize(new Dimension(400,400));
f.setVisible(true);

---------- Capture Output ----------
> "D: \cdjava\bin\java.exe" thermal_conductivity_CS
=47.70153484397837 W/mK

> Terminated with exit code 0.

thermal_conductivity CS_Tablejava

|£| Thermal conductivity of solids Pad
[substance | additional information |
name of the solid : C9 Carbon Steel 3 |V| =
temperature 20.0 degree Celcius
MName Value Units
name (C9 Carbon Steel 3
additional info IC 0.57 Mn 0.558i 0.38 =
temperature 20.0 degree Celcius
K {thermal conductivity 50.3183608200177 WI(mK)

In this particular program cubic spline curve fitting method is appRedynomial Least square curve

fitting method can also be appliethis approach prefred by most due to simplistic representation ef th
temperature dependency equation. An example case is giverfere example cagd 309

Polystyrenedata is taken. A general curve fitting program SCO11B4.java is used here to calculate

polynomial coefficients.

import java.io.*;
import java.util.*;
import javax.swing.*;
import java.awt.Color;

class SCO11B4

/Nleast square curve fitting
public static double[] pivotlugauss(double a[][],double b[])
{/lgauss elimination with partial pivoting
int n=b.length;
double x[]=new double[n];
doublecarpan=0;
double toplam=0;
double buyuk;
double dummy=0;
/lgauss elimination
inti,j,k,p,ii,jj;
for(k=0;k<(n-1);k++)
{ /Ipartial pivoting

p=k;
buyuk=Math.abs(a[K][k]);
for(ii=k+1;ii<n;ii++)
{ dummy=Math.abs(al[ii][K]);
if(dummy > byuk) {buyuk=dummy;p=ii;}




}
if(p!=k)
{ for(jj=k;ji<n;jj++)
{ dummy=a[p][iji];
alplfijl=alKIfiil;
a[K][jj]l=dummy;

}
dummy=b[p];
b{p]=b[K];
b[k]=dummy;

/lback substitution
for(i=k+1;i<n;i++)

{ carpan=a[i][K])/a[K][K];
a[i][k]=0;
for(j=k+1;j<n;j++)

{ alilli] -=carpan*a[K][; }
b[i] =b[i] -carpan*b[k];
}

}
x[n-1]=b[n-1)/a[n-1][n-1];
for(i=n-2;i>=0;i--)

toplam=0;

for(j=i+1;j<n;j++)

{ toplam+=ali][j]*x[j];}

X[i]=(b[i] -toplam)/a[i][i];
}

return x;

/Neast square curve fitting
public static double[] EKK(double xi[],double yi[],int n)
{
int I=xi.length;
intij,k;
int npl=n+1;
double A[][J;
A=new double[npl][npl];
double B[J;
B=new double[np1];
double X[J;
X=new double[np1];
for(i=0;i<n+1;i++)
{ for(j=0;j<n+1;j++)
{if(i==0 && j==0) A[i][j]=I;
else for(k=0;k<l;k++) A[i][j] += Math.pow(xi[k],(i+}));

}
for(k=0;k<l:k++) { ifi==0) B[i]+= yi[k]:
else  BIi] += Mah.pow(xi[K],i)*yi[K];}

}
X=pivotlugauss(A,B);
IIX=BIA;
double max=0;
for(i=0;i<n+1;i++)

if(Math.abs(X[i]) > max) max = Math.abs(X[i]);
for(i=0;i<n+1;i++)

if((Math.abs(X[i}/max) > 0) && (Math.abs(X[i]/max) < 1.6200)) X[i]=0;
return X;

}
public stdic double funcEKK(double e[],double x)

/I this function calculates the value of
/' least square curve fitting function
int n=e.length;
double ff;
if(n!=0.0)
{ ff=e[n-1];
for(int i=n-2;i>=0;i--)
{ fi=ffx+efil; }
}
else
ff=0;
return ff;

}

pubic static double hata(double x[],double y[],double e[])




/lcalculates absolute square root error of a least square approach
double n=x.length;

int k;

double total=0;

for(k=0;k<n;k++)

{
total+=(y[k]-funcEKK (e, x[k]))*(y[k] -funcEKK (e, X[K])):

total=Math.sqrt(total);
return total;

}

public static double[][] funcEKK(double xi[],double yi[],int polinomkatsayisi,int aradegersayisi)
{
/Inumber of subdivision: -xo--0--x--0--0--x in the given chain if X is experimental data
/I number of subdivision i8
int n=xi.length;
int nn=(n1)*(aradegersayisi+1)+1;
double z[][J=new double[2][nn];
double E[J=EKK(xi,yi,polinomkatsayisi);
String ss[]={"a0","al","a2","a3","a4","a5","a6","a7","a8","a9","a10","a11","a12","a13","a14","a15","a16","a17"};
String ss1="",
for(int i=0;i<polinomkatsayisi;i++)
{ssl+=ss[i]+" = "+E[i]+"\n";}
System.out.printin(ssl);
double hata=hata(xi,yi,E);
/ISystem.out.printin("hata="+hata\f"k a t s ‘@'yMalriatoStringT(E));
double dx=0;
int k=0;
inti;
for(i=0;i<(n-1);i++)
{z[0][K]=xi[i];[1][K]=funcEKK(E,z[O][K]);k++;
for(int j=0;j<aradegersayisi;j++)
{dx=(xi[ i+1]-xi[i])/((double)aradegersayisi+1.0);
z[0][K]=z[O0][k -1]+dx;z[1][K]=funcEKK(E,z[O][K]);k++;}
}

z[O][K]=xi[i];z[1][k]=funcEKK(E,Zz[0][K]);
return z;

}

public static double yavg(double y[])
{

int n=y.length;

double total=0;

for(int i=0;i<n;i++) total+=y[i];

return total/n;

}
public static double R2(double y[],double f[])

{

double yavg=yavg(y);

int n=y.length;

double SStot=0;

double SSerr=0;

for(int i=0;i<n;i++)
{SStot=(y[i]-yavg)*(y[i]-yavg);
SSerr=(y[iH{il)*( yli] -fi]);

}
return (2SSerr/SStot);
}

public static double R2(double x[],double y[],double e[])
{'int n=y.length;
double f[J=new double[n];

for(int k=0;k<n;k++)

{flk]=funcEKK(e,x[K]);}

return R2(y,f);

public static void mairgtring args[]) throws IOException

{

double x{J;

double y[J;

String s1=JOptionPane.showlnputDialog(“file name (aaa.txt)");

/IJFileChooser fc=new JFileChooser();

//if (fc.showOpenDialog(null) == JFileChooser. APPROVE_OPTION) {File file = fc.get8ebFile();s1=file.getName(); }
double a[][]=Text.readDoubleT(s1);

x=a[0];




y=a[l];

int n=Integer.parselnt(JOptionPane.showlnputDialog("degree of polynomial n:"));
double z[][J=funcEKK(x,y,n,4);

Text.printT(z);
/ISystem.out.printin("E.K.Kn"+Matrix.toStringT(z));

Plot pp=new Plot(a[0],a[1]);

pp.setPlabel("+n+"th degree least square curve fitting");
pp.setXlabel("T temperature degree Kelvin");
pp.setYlabel("k Thermal conductivity W/(mK)");
pp.setPlotType(0,23);

pp.addData(z[0]4]);

pp.setGrid(1,1);

pp.setColor(0,Color.BLUE);

}IOD-I0|0t();

}

2T309 Polystyrene

---------- Capture Output---------

> "D:\cdjavabin\java.exe" SCO11B4
a0 = 2.8019055476787833

al =-0.10631833488379154

a2 =0.0018150980667831751

a3 =-1.727P462131393266

a4 = 1.004258052091839E

ab =-3.6486771049148165H0

a6 = 8.09077372079541983

a7 =-1.0016212077805614E5

So k(T) for polystyrene can be represented as an 8th degree polynomial as:
QY W@t @Y &Y XY &Y &Y &Y &Y oY

8th degree least square curve fitting
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T temperature degree Kelvin
Graphic representation of data and 8th degree polynomial curve fitting line is shown in the plot.
Let us check out least square solution for few other cases:
C129 British steel 7

—————————— Capture Output---------

> "D:\co\javabin\java.exe" SC0O11B4
a0 =-155.75784551326365

al =2.886754338818323

a2 =-0.017156888192827912

a3 =5.6797499876122244

a4 =-1.1478717651898844F

ab =1.440049314436008H

a6 =-1.090683369518688EL3

a7 = 4.552235513057068H




8th degree least square curve fitting
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T330 C2 chromium-nickel steel SS304

—————————— Capture Output---------

> "D:\cadjavabin\java.exe" SCO11B4
a0 = 629.219544213965

al =-8.785673170339718

a2 = 0.05300263682552713

a3 =-1.7711104936578227&

a4 = 3.603113322948669E

a5 =-4.5810482232978316H)

a6 = 3.561454476094692E3

a7 =-1.5503051690194676E5

8th degree least square curve fitting
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T12R pure Copper

---------- Capture Output---------

> "D:\caojavabin\java.exe" SCO11B4
a0 = 20293.272431383157

al =-562.0064310567664

a2 =5.3430057235494175

a3 =-0.02393680237368781

a4 = 5.7953278916051136&E

a5 =-8.0257431201239288

a6 = 6.354980774994162H

a7 =-2.6752151949041078K4




Bth degree least squars curve fitting

K Thermal conductivity WI(mK)
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As it is seen from the pl@th degree curve fitting is not very successful to represent ttaisBlat when
cubic spline interpolation used, data is successfully represented

cuble spline interpolation for pure copper 98.998%
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cubic spline interpolation for pure copper 99.988%
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Only problem is big coefficient set in cubic spline, but as long as computer handles coefficigitits
not give any problems. Coefficient set for cubic spline for papper:



