Round Tube Solutions Comments.-
a. Based on a coolant sink temperature of 20.3ºC

b. Uncertainty associated with composite facing thermal conductivity.  The three layer thickness of 0.27 to 0.28mm would have a fiber fraction of 41%, implying somewhat resin rich.  Values used of 0.6 to 1W/mK, hopefully bracket this K

c. How well the model represents the actual LBNL POCO is not known.  Also, one think to check is the orientation of the POCO foam, making sure the high conductivity component is normal to the sandwich facings 
d. Notice that IR camera has nominally 20.6ºC at zero power. 
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Figure 1: Round tube 4.0mm ID (OD=4.72mm), embedded in POCO foam.  Separation between facings 4.95mm.  Peak heater temp 32.8ºC, peak silicon temperature 25.3 ºC.

	Item
	Thickness
	Thermal Conductivity

	
	LBNL
	FEA
	

	Alumina hybid
	0.65mm
	0.65mm
	12*

	Silicon module
	0.34mm
	0.34mm
	148

	Cable
	0.22mm
	0.22mm
	0.12

	Facing
	0.27mm
	0.27mm
	219/1*/110

	Round Tube height 
	4.8?mm
	4.72mm
	

	Al Tube
	
	0.014in
	

	CGL Tube to POCO Foam
	0.0025in?
	0.0025in
	1

	CGL POCO to tube
	0.0025in?
	0.0025in
	1

	Facing to cable
	0.0016
	0.0016
	1

	Cable to silicon
	0.001
	0.001
	1

	Silicon module to hybrid
	0.001
	0.001
	1

	POCO Foam
	
	
	50/125**/50


            * Through facing thickness   **normal to silicon
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Figure 2: Round tube 4.0mm ID (OD=4.72mm), embedded in POCO foam.  Separation between facings 4.95mm.  Peak heater temp 32.8ºC, peak silicon temperature 25.7 ºC.  Facing thermal conductivity changed to  0.6W/mK
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Figure 3: Round tube 4.0mm ID (OD=4.72mm), embedded in POCO foam.  Separation between facings 4.95mm.  Peak heater temp 32.8ºC, peak silicon temperature 25.4ºC, minimum silicon temperature of 23.7ºC.  Facing thermal conductivity changed back to  1.0W/mK, POCO Foam changed to 50/100/50. 

Semi-Flat Tube Model
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Figure 4: 3.3W per hybrid, 20C cooling water at 1.27L/min.  Double-sided heating, 4.7mm tube height, slightly flat with 2mm contact surface

	Item
	Thickness
	Thermal Conductivity

	
	LBNL
	FEA
	

	Alumina hybid
	0.65mm
	0.38mm
	12*

	Silicon module
	0.34mm
	0.28mm
	148

	Cable
	0.22mm
	0.25mm
	0.12

	Facing
	0.7mm
	0.76mm
	352**/1.31/89.1

	Tube height (Flatten)
	4.8?mm
	4.72***mm
	

	Al Tube
	
	0.012in
	

	CGL Tube to Facing
	0.002in
	0.002in
	1

	Facing to cable
	0.0016
	0.0016
	1

	Cable to silicon
	0.001
	0.001
	1

	Silicon module to hybrid
	0.001
	0.001
	1

	POCO Foam
	
	
	50/125**/50


*Corrected down based on thinner material
** Axial

*** 2mm contact land
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Figure 5: 3.3W per hybrid, 20C cooling water at 1.27L/min.  Single-sided heating, 4.7mm tube height, slightly flat with 2mm contact surface.
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