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Definitions
Thermal Conductivity - The quantity of heat that passes in unit time through unit area of a substance whose thickness is unity, when its opposite faces differ in temperature by one degree. The SI derived unit of thermal conductivity is watt per metre kelvin (W.m-1.K-1).

Specific Heat – amount of heat transferred to raise a unit mass of material 1 degree, compared to that of water.
ASTM 304 stainless steel
Chemical composition:  18-20% Cr, 8-11% Ni, .08% C max, 2% Mn max, 1% Si max, .045% P max, .03% S max; balance Fe 66-74%

Density

0.29 lb/in3

8027 kg/m3 = 8 g/cm3
Annealing Temp
1850-2050 F

1010-1120 C

Melting Temp

2550-2650 F

1400-1455 C

Thermal Conductivity
9.4 Btu/hr ft F

.16269 W/cm C

Specific Heat

.12 Btu/lb F

502.08 J/kg C
Assumptions

Beam power entering

608 J/sec = 608 W

SS vacuum insert size

1" x 8" x 84"


2.54 cm x 20.3 cm x 213 cm
SS insert volume

672 in3



10982 cm3
SS vacuum insert mass
195 lbs



88 kg

SS surface area

672 in2



4324 cm2
Beam spot size

¼" dia



6 mm
Beam contact area @ 3 deg
¼" w x 4.75" lg = 1.2 in2
.6 cm x 12 cm = 7.27 cm2
Pocket volume


10" OD 8" ID 84"L

38920 cm3
Thermal conduction
Heat into insert
Q L / k A = T2 – T1
[(608 W) ( 2.54 cm )] / [( .16269 W/cm C ) (7.27 cm2 )]  =  dT = 1288.5 C

1288.5 – 20 = 1268.5

Expect 1268 C localized on the opposite side of the insert at the spot, near melting temp
Heat soak through insert
Q / m cp
(608 J/sec) / [(88 kg) (502.08 J/kg C)] = 0.0138 C/sec or 0.83 C/min temperature increase over the whole mass
Heat out of insert into pocket of air or nitrogen    Q L / k A = T2 – T1
[(608 W) ( 0.1 cm )] / [( .00024 W/cm C ) (4324 cm2 )]  =  dT = .00024 C

20.00024 C @ 1mm outside surface sufficient to remove the heat
Heat soak through nitrogen or air    Q / m cp
(608 J/sec) / [(.00125 g/cm3) (38920 cm3) (1027 J/kg C)] = .012 C/sec temperature increase over the whole air mass

Heat into cast iron    Q L / k A = T2 – T1
[(608 W) ( 0.1 cm )] / [( .55 W/cm C ) (10820 cm2 )]  =  dT = .0102 C

15.01 C @ 1 mm into inner surface of cast iron

If we used copper UNS-C11000
Chemical composition: 99.90% Cu, trace elements

Density


.322 lb/in3

8913 kg/m3 = .0089 kg/cm3
Melting temp


1981 F


1083 C
Thermal Conductivity

226 Btu/hr ft F

4.01 W/cm C
Specific Heat


.092 Btu/lb F

385 J/kg C
Heat into copper insert      Q L / k A = T2 – T1
[(608 W) ( 2.54 cm )] / [( 4.01 W/cm C ) (7.27 cm2 )]  =  dT = 53 C

53 – 20 = 33 C localized temp
Heat soak through copper insert   Q / m cp
(608 J/sec) / [(.0089 kg/cm3 ) ( 10983 cm3) (385 J/kg C)] = 0.016 C/sec or 0.969 C/min temperature increase over the whole mass
Thermal conductivity of some other materials
Air


.024 W/m K

Nitrogen 

.024

Water


.58

Pyrex glass

1.005

Earth dry

1.5

Concrete, stone
1.7

Stainless Steel

16

Carbon Steel

54

Iron cast

55

Iron wrought

59

Iron


80

Aluminum

250

Gold


310

Copper


401
Silver


429

