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Ideal Scenario 
with perfect TCC 
at  every 
interface

Not realistic
Actual T=358.5K



Using TCC at  
every interface

Perfect!
Actual T=358.5K



SETUP







Improved Assembly





Analysis

• Analysis of the Thermal Contact Conductance (TCC) in every case

• Temperature comparison using different Power Inputs (100W, 150W & 200W)

• Temperature comparison using different fluids at the interface between the cartridge heater
and the aluminium block and between the latter and the silicon crystal (Oil, Thermal Paste and
Bear Surfaces)

• Effect of the flow rate on the temperatures (Pump speed 3[2l/min] and 5[20l/min])

• Measurement of the temperature Drop across 7mm of the top surface of the silicon crystal

• Temperature measurement at the front surface of the silicon crystal near the copper manifold

• Temperature measurement along the length of the Cartridge Heater

• Effect of the insulation with different Input Power (100W, 150W & 200W)

• Effect of clamping pressure on the TCC (15, 30, 45, 60, 75, 90N)

• Calculation of power loss by convection and radiation in every case



Temperature Along the Silicon Surface 45N
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PT100 Sensors

Temperature Along the Silicon Surface 45N Analysis at 100W 3D Clamps,
No Insulation, No Oil Aluminium-
Silicon, Re-applied Thermal
Paste on Heater Interface, Test
38

Analysis at 100W 3D Clamps,
With Insulation, No Oil
Aluminium-Silicon, Re-applied
Thermal Paste on Heater
Interface, Test 41

Analysis at 150W 3D Clamps,
No Insulation, No Oil Aluminium-
Silicon, Re-applied Thermal
Paste on Heater Interface, Test
39

Analysis at 150W 3D Clamps,
With Insulation, No Oil
Aluminium-Silicon, Re-applied
Thermal Paste on Heater
Interface, Test 42

Analysis at 200W 3D Clamps,
No Insulation, No Oil Aluminium-
Silicon, Re-applied Thermal
Paste on Heater Interface, Test
40

Analysis at 200W 3D Clamps,
With Insulation, No Oil
Aluminium-Silicon, Re-applied
Thermal Paste on Heater
Interface, Test 43

200W

150W

100W

No Insulation
Thermal Paste Re-applied 
No Oil Silicon-Aluminium Block

With Insulation
Thermal Paste Re-applied
No Oil Silicon-Aluminium Block



Aluminium Block Temperature 45N
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PT100 Sensors

Aluminium Block Temperature 45N Analysis at 100W 3D Clamps,
No Insulation, No Oil
Aluminium-Silicon, Re-applied
Thermal Paste on Heater
Interface, Test 38

Analysis at 100W 3D Clamps,
With Insulation, No Oil
Aluminium-Silicon, Re-applied
Thermal Paste on Heater
Interface, Test 41

Analysis at 150W 3D Clamps,
No Insulation, No Oil
Aluminium-Silicon, Re-applied
Thermal Paste on Heater
Interface, Test 39

Analysis at 150W 3D Clamps,
With Insulation, No Oil
Aluminium-Silicon, Re-applied
Thermal Paste on Heater
Interface, Test 42

Analysis at 200W 3D Clamps,
No Insulation, No Oil
Aluminium-Silicon, Re-applied
Thermal Paste on Heater
Interface, Test 40

Analysis at 200W 3D Clamps,
With Insulation, No Oil
Aluminium-Silicon, Re-applied
Thermal Paste on Heater
Interface, Test 43

100W

150W

200W

No Insulation
Thermal Paste Re-applied 
No Oil Silicon-Aluminium 
Block

With Insulation
Thermal Paste Re-applied
No Oil Silicon-Aluminium Block
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Temperature Along Heater
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PT100 Location

Temperatures Along Silicon Surface 45N
Analysis at 100W 3D Clamps, No
Insulation, Oil, Initial Thermal
Paste on Heater Interface, Test 28

Analysis at 100W 3D Clamps, No
Insulation, Generous Oil film at
both interfaces, Test 34

Analysis at 100W 3D Clamps, No
Insulation, No Oil at Heater-
Aluminium Interface, Oil
Aluminium-Silicon Test 37

Analysis at 100W 3D Clamps, No
Insulation, No Oil Aluminium-
Silicon, Re-applied Thermal Paste
on Heater Interface, Test 38

Analysis at 150W 3D Clamps, No
Insulation, Oil, Initial Thermal
Paste on Heater Interface, Test 29

Analysis at 150W 3D Clamps, No
Insulation, Generous Oil film at
both interfaces, Test 35

Analysis at 150W 3D Clamps, No
Insulation, No Oil Aluminium-
Silicon, Re-applied Thermal Paste
on Heater Interface, Test 39

Analysis at 200W 3D Clamps, No
Insulation, Oil, Initial Thermal
Paste on Heater Interface, Test 30

Analysis at 200W 3D Clamps, No
Insulation, Generous Oil film at
both interfaces, Test 36

Analysis at 200W 3D Clamps, No
Insulation, No Oil Aluminium-
Silicon, Re-applied Thermal Paste
on Heater Interface, Test 40

No Insulation
No Oil Heater Interface
Generous Oil Film 
Silicon-Aluminium Block

100W

150W

200W

Using different fluids at both interfaces

No Insulation
Thermal Paste Re-applied 
No Oil Silicon-Aluminium 
Block

No Insulation
Initial Thermal Paste  
Oil Silicon-Aluminium 
Block

No Insulation
Generous Oil 
Film at both 
interfaces
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PT100 Sensor

Temperatures Along Silicon Surface 45N
Analysis at 100W 3D Clamps,
No Insulation, Generous Oil
film at both interfaces, Test 34,
Pump 3

Analysis at 100W 3D Clamps,
No Insulation, Generous Oil
film at both interfaces, Test 31,
Pump 5??

Analysis at 150W 3D Clamps,
No Insulation, Generous Oil
film at both interfaces, Test 35,
Pump 3

Analysis at 150W 3D Clamps,
No Insulation, Generous Oil
film at both interfaces, Test 32,
Pump 5

Analysis at 200W 3D Clamps,
No Insulation, Generous Oil
film at both interfaces, Test 36,
Pump 3

Analysis at 200W 3D Clamps,
No Insulation, Generous Oil
film at both interfaces, Test 33,
Pump 5

No Insulation
Generous Oil Film at 
both interfaces
Pump Speed 3 (2l/min)

No Insulation
Generous Oil Film at both 
interfaces
Pump Speed 5 (20l/min)

200W

150W

100W

Water flow rate comparison

Not sure if the pump speed was at 5 for 100W



Temperature Comparison
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Distance Apart (mm)

Position 2
Position 3
Position 6
Position 8

Temperature Drop across 7mm on the top surface of the Crystal

Near 
Aluminiu
m Block

Near 
Copper 
Manifold

From the yellow patches to the blue ones
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Distance Apart (mm)

Position 1

Position 5
Position 6

Position 8
Position 9

Temperature Drop Across the 15mm height of the Copper Manifold Footprint

Top Silicon Surface

Front Silicon Surface

From the X to the Yellow arrows
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PT100 Sensors

Temperature Along the Silicon Surface 45N vs 60, 75, 90N 
with 100W, 150W, 200W

Analysis at 100W 3D Clamps, With
Insulation, No Oil Aluminium-Silicon, Re-
applied Thermal Paste on Heater Interface,
45N, Test 41

Analysis at 100W 3D Clamps, With
Insulation, No Oil Aluminium-Silicon, Re-
applied Thermal Paste on Heater Interface,
60N, Test 46

Analysis at 150W 3D Clamps, With
Insulation, No Oil Aluminium-Silicon, Re-
applied Thermal Paste on Heater Interface,
45N, Test 42

Analysis at 150W 3D Clamps, With
Insulation, No Oil Aluminium-Silicon, Re-
applied Thermal Paste on Heater Interface,
60N, Test 45

Analysis at 200W 3D Clamps, With
Insulation, No Oil Aluminium-Silicon, Re-
applied Thermal Paste on Heater Interface,
60N, Test 44

Analysis at 100W 3D Clamps, With
Insulation, No Oil Aluminium-Silicon, Re-
applied Thermal Paste on Heater Interface,
75N, Test 47

Analysis at 150W 3D Clamps, With
Insulation, No Oil Aluminium-Silicon, Re-
applied Thermal Paste on Heater Interface,
75N, Test 48

Analysis at 200W 3D Clamps, With
Insulation, No Oil Aluminium-Silicon, Re-
applied Thermal Paste on Heater Interface,
45N, Test 43

Analysis at 200W 3D Clamps, With
Insulation, No Oil Aluminium-Silicon, Re-
applied Thermal Paste on Heater Interface,
75N, Test 49

Analysis at 100W 3D Clamps, With
Insulation, No Oil Aluminium-Silicon, Re-
applied Thermal Paste on Heater Interface,
90N, Test 50

Analysis at 150W 3D Clamps, With
Insulation, No Oil Aluminium-Silicon, Re-
applied Thermal Paste on Heater Interface,
90N, Test 51

Analysis at 200W 3D Clamps, With
Insulation, No Oil Aluminium-Silicon, Re-
applied Thermal Paste on Heater Interface,
90N, Test 50

With Insulation
Thermal Paste Re-applied
No Oil Silicon-Aluminium 
Block

45N

60N

75N
90N

90N

90N
75N
60N
45N

75N

60N
45N

200W

150W

100W
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