Heat transfer in i2map camera housing.

[bookmark: _GoBack]Inside housing: 100W is dissipated by electronics. Cooling fan constantly running.
Outside the housing, two cases: 
- natural convection in air when sitting on the deck of the boat, 20oC
- natural convection in water when diving, 15oC

Let’s use a greatly simplified model of the housing:
Wall area = A = 0.33m2
Wall thickness = t = 0.012 m
Wall material: aluminum or titanium
Thermal conductivity of titanium  kti = 6.7 W/(m.K)
Thermal conductivity of aluminum  kti = 170 W/(m.K)

Let’s assume that thermal convection is homogenous.
Convection coefficient inside the housing (forced air)  h1=100 W/(m2.K)
Convection coefficient outside the housing (air)  h2=10 W/(m2.K)
Convection coefficient outside the housing (water)  h3=1200 W/(m2.K)

R1 = convection resistance inside housing
R2 = thermal resistance of wall
R3 = convection resistance outside housing
Rtotal = R1 + R2 + R3
R1 = (h1 x A)-1 = 30 mK/W   (mK = millikelvin)
R3 = (h2 x A)-1 = 300 mK/W   In air
R3 = (h3 x A)-1 = 2.5 mK/W    In water

R2Ti = t / (kTi *A) = 54 mK/W  (titanium wall)
R2Al = t / (kAl *A) = 0.2 mK/W  (aluminum wall)

Case 1: Titanium housing in air
RTotal = 0.384 K/W
DeltaT = 0.384 * 100 W = 38.4oC
Temperature inside housing = 25 + 38.4 = 63.4oC


Case 2: Aluminum housing in air
RTotal = 0.330 K/W
DeltaT = 0.330 * 100 W = 33.0oC
Temperature inside housing = 25 + 33 = 58oC

Case 3: titanium housing in water
RTotal = 0.086 K/W
DeltaT = 0.086 * 100 W = 8.6oC
Temperature inside housing = 15 + 8.6 = 23.6oC

Case 4: Aluminum housing in water
RTotal = 0.033 K/W
DeltaT = 0.033 * 100 W = 3.3oC
Temperature inside housing = 15 + 3.3 = 18.3oC

Conclusion:
The main barrier to heat transfer is convection, not conduction. Changing to an aluminum housing will only make a modest difference, especially in water.
The most effective way to decrease the temperature of the housing, while it’s on the deck is to increase air flow around the housing or to water cool it.










