MVC Housing Tradeoffs

The Seafloor mapping team has determined that it is more practical to repackage the Kearfott INS into a common housing with the rest of the MVC electronics, rather than have it packaged in its current 6061 Al housing. This decision was reached after examining the impacts to tail section physical layout. We are currently comparing packaging in a 6AL-4V Ti sphere versus a boro-silicate Glass housing. The Ti sphere under consideration would be derived from the design, fabrication, and testing of the housing for the Keck Broadband Seismometer.

The requirements for the Seafloor Mapping main housing are:

1. Operating depth of 6000m

2. Packaging volume equivalent to 403.9mm(15.9in) inner diameter sphere (2104.7 in^3)

3. Maximum 55 oC internal temperature (based on hard drive temperature limit) with a 60W dissipation & 32oC ambient temp

4. Maximum radius change at service depth of  TBD in.

5. Allow for a total of 10 penetrations:

a. A single penetration(.625in dia hole, 1.65in spotface) at the south pole to accommodate a remote head DVL

b. 3 penetrations (.75in dia hole, 1.12in spotface) to accommodate Seaconn MINK-10/L BCR penetrators (location TBD)

c. 6 penetrations (.4375in dia hole, .5in spotface) to accommodate Subconn LPBH-9-F penetrators (location TBD)

d. 1 vacuum port (location TBD)

Material Comparison

	Material
	Poisson’s Ratio
	Young’s Mod (kpsi)
	Specific Gravity @ 20C
	Thermal Conductivity 

(W/(m*K))
	Wall Thickness (mm)
	Inner Surface area (m2)
	Outer Surface Area (m2)

	3.3 Borosilicate
	0.2
	9280
	2.23
	1.20
	14 (from Nautilus)
	.4039


	.5860

	6AL-4V Ti
	
	112 Gpa
	4.42
	7.26
	9.8 (from Roarks, FS 1.0)
	.4039
	.5635


Thermal Comparison

The power dissipation inside the sphere Pinternal is estimate to 60W. The breakdown is as follows:

1. 20W INS

2. 10W DVL

3. 30W MVC Electronics (other than INS/DVL)

This heat must be dissipated during on deck and lab testing with exceeding the lowest sphere component thermal rating . This analysis will consider the steady state temperature difference between the sphere center and ambient air.

Assumptions

1. Since an accurate thermal model of the sphere internals is not possible until a detailed layout is designed, I will initially assume a point source of 60W at the center of the sphere.

2. The inner diameter of the housing is taken to be 403.9mm, with wall thickness taken from the material table.

3. Atmosphere inside the sphere is normal air at a pressure of .680bar(10psi). Outisde pressure is 1 bar. The thermal conductivity air of air is 0.0237 W/mK. Note that thermal conductivity of a gas is nearly independent of pressure above pressures of  10-6 bar (2,4).

4. Radiative heat transfer neglected (note: no solar heating considered)

The simplified thermal model for the problem is as follows:


R1 = Resistance between heat source and inner wall

R1 = 1/h1Ainner (h1 is convective transfer coefficient from air and sphere material)

R2 = Resistance between sphere inner wall and sphere outer wall

R2 = 1/2x * (1/Dinner-1/Douter) (where x is for the given material)

R3 = Resistance between sphere outer wall and ambient

R3 = 1/h3Aouter (h3 is convective transfer coefficient from sphere material to air)

Rtotal = R1+R2+R3 < (Tmax-T​amb)/Pinternal = .383 oC/W

The general expression for the transfer coefficient between a liquid and solid is:

hx = Nuxair/D

where D refers to the inner diameter or outer diameter as appropriate.

The dimensionless Nusselt number Nux represents the ratio between diffusive and convective resistance in the fluid (gas). The general expression for the Nusselt number is:

Nux = C*GrmPrn
Where Gr is the Grashof number, representing the ratio between inertial and viscous effects, and Pr is the Prandtl number, representing the ratio between viscous effects and thermal difference effects. Prandtl number for air is .71 (from 2). C is a experimentally derived constant depending on surface shape. Although (5) gives a value of .63 for spheres, a value of .31 will be used to be conservative. The exponents m and n are experimentally derived as well, and for free convection, are both nearly equal to .25 (5). The temperature differences expected in our system should not result in turbulent convective flow(5, pg 113). Substituting the given values for C, Pr, m and n into the above equation, we obtain:

Nux = .285*Gr1/4
The general expression for the dimensionless Grashoff’s number is:

Gr = (air/air)gR3/2
Where  is the difference in air density due to temperature, air is the density of the air at the cold side of the junction,  g is the acceleration due to gravity, R is the radius of the inner or outer sphere (as appropriate), and  is the kinematic viscosity of air. These values are:

55C =1.07873 kg/m3
32C = 1.16036 kg/m3

 = 32C –55C  = .08163 kg/m3
 = 1.87768x10-5 m2/s

g = 9.816 m/s2

	
	Gr
	Nu
	h

	Borosilicate Inner
	16,131,754.53
	18.0620
	2.119677

	Borosilicate Outer
	19724665.98
	18.9932
	2.084454

	6AL-4V Inner
	16131754.53
	18.0620
	2.119677

	6AL-4V Outer
	18596032.20
	18.7154
	2.094715


	Material
	R1(oC/W)
	R2(oC/W)
	R3(oC/W)
	Rtotal(oC/W)

	3.3 Borosilicate
	0.920519
	.02129
	0.818637
	1.760444

	6AL-4V Ti
	0.920519
	.00251
	0.847263
	1.770294


Conclusions

In both cases (glass and Ti), the free convection thermal resistance is far too large. These numbers actually agree well with empirical measurements made in spring of 2001, where a 20W load in the sphere resulted in a 23C rise in temperature. Sufficient forced air cooling, with efficient paths, must be provided for. Of particular concern is the high resistance between the exterior of the housing and ambient air. Even with an extremely efficient internal heat path, there is probably a need for some sort of external cooling.

Recommendations

1. Design conductive heat sinking to sphere wall for modems, power board heat sinks, and DVL electronics. Investigate use of compliant heat-sinking materials (metal-impregnated urethanes & RTV’s).

2. Purchase industrial temperature rated hub (Parvus board level hub, industrial Ethernet devices).

3. Install fans to provide forced air  cooling of INS electronics. Contact kearfott to identify hot spots in INS.

4. Derate CPU forced air cooling by 17% due to lower pressure.

5. Provide for forced air/below ambient cooling of outside of pressure vessel (peltier effect cooler with blower, access port in fairing). This might also be required for multibeam sonar housing.
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