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THERMAL MANAGEMENT

e HEAT TEND TO DETERIORATE ELECTRONIC COMPONENTS
e STRUCTURAL DESIGN CONSISTS OF A DIAMOND HEAT PIPE
e ACCUMULATED HEAT WILL BE DISSIPATED BY THE PIPE THROUGH CONDUCTION




DATA FOR THERMAL ANALYSIS:

e 1Sun=1350W/m?

e Efficiency of photovoltaics panels = 25%

e Maximum Operating Temperature of Silicon Components = 398.15 K
e Areaof Sandwich Module = 0.0148 m?

e Efficiency of DCto RF Converter = 80%
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THERMAL CONDUCTIVITY CALCULATIONS:

Energy Concentration in GEO:
w
1350 — * 3 sun = 4050 W /m?
m
Energy Concentration per Module:

w
4050171_2_ * Agyy = 60.28] /s

e THE AMOUNT OF ENERGY CONCENTRATED PER MODULE IS ABOUT 60 W!
e 75% OF THAT ENERGY WILL BECOME HEAT.

Heat Transfer from Solar Panels: P e 60.28?* (1-0.25) =45]/s

Heat Transfer from DC-RF Electronics: —— Q.iec = 60.28?* 0.25 = 15.07 * (1 — 0.80) = 3/ /s

Total Heat Transfer:

Q =Qsp + Qetec =48]J/s

e OUT OF THE 60W OF ENERGY CONCENTRATED IN ONE MODULE, 48W
BECOME HEAT




e THE ONLY WAY TO GET RID OF HEAT IN SPACE IS THROUGH
BLACK BODY RADIATION.

Stefan-Boltzmann Law:

Q = c0AT*
R
o cOT*

* T, is assummed to be zero since temperature in space is negligible

48%
A=
1+ (5671078 %) * (T
15
Area Using Silicon: > A = =

1 % (5.67 x10-8 ) % (398.15K)*

m2K*4

A; = 0.033688 m?
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e NEXT QUESTIONS IS: HOW MANY MODULES?

Number of Modules in Transmitting Antenna

Atransmitting antenna

# of modules =
Asy

T * R?
0.0148 m?2

# of modules =

# of modules = 47.89 = 10°

e TRANSMITTING ANTENNA IS COMPOSED OF APPROXIMATELY 47.9 MILLION MODULES.

Total Area:
Atotar = # 0f modules * Apeegea
Aporar = 47.89 x 10° % 0.0189 m?

At()t(ll = 905185 mz
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Top View of Transmitting Antenna

Anodized Aluminum

AN ADDITIONAL ANNULAR AREA OF
APPROXIMATELY 200,000 M2 WILL BE
ADDED TO THE CURRENT DESIGN



ASSUMPTIONS:

e DIAMOND IS A “PERFECT’ HEAT CONDUCTOR

e INDIVIDUAL MODULES ARE RECTANGULAR PRISM SHAPED



HOW TO OBTAIN DIAMONDS

e CARBONACEOUS CHONDRITE
o ATOMIC LAYER DECOMPOSITION (ALD)
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STIFFNESS ANALYSIS

Load per Unit Length

1107 %*xm=*g
* () = L

1107 x9.8(Z) « (475 m = 95 m * h) » (1000%)

RIS 475 m

*w = 0.93195 *h

b=95m

Moment of Inertia about

the X-Axis b s 3

I. =
& 12
FAST SIGGERA

Courtesy of: Mechanics of Materials 7t" Ed.

w * L*

5 2

(0.03195 * ) * (475m)*

0.0122m < & (1220« 109) * (7.916 + 1%

4.744 % 101°

0.0122m <
M 7726 » 1013 = hZ

9.4257 * h* > 4.744 % 1010

h > 0.22435m



CONCLUSION

 HIGHLY EFFICIENT THERMAL DESIGN
 RIGID STRUCTURE TO SUPPORT FORCES IN GEO.

e ASSUMPTIONS MERIT FURTHER INSPECTION



THANK YOU FOR YOUR ATTENTION!
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