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Abstract
Thermophotovoltaic energy conversion is seen as a 
viable option for efficiently converting heat to 
electrical energy. A heating device heats a selective 
emitter, which in turn releases thermal radiation 
with correct energy bandgap. This radiation is then 
absorbed by a thermophotovoltaic cell and 
converted to usable electricity. This project seeks to 
develop a high temperature heater capable of 
maintaining a temperature of 1000°C, as lower 
temperatures greatly decrease the efficiency of the 
system. The heater will be machined and 
integrated into the existing TPV system, and 
experiments will be conducted to determine the 
efficiency of energy conversion at this higher 
temperature. 

Future Works

TPV System Setup

Heater Design Description of Heater Design
§ Two identical heaters will be developed, with one 

block body being copper and the other stainless 
steel

§ A cartridge heater is placed in the top hole
§ The cartridge heater will go ¾” into the block, 

leaving a ¼” gap between the emitter glued to the 
bottom of the block and the cartridge

§ Thermocouples will be placed in the ¼” gap to 
measure the temperature of the emitter

§ The body has a cross sectional area of 1cm2, and is 
1” tall

§ Reflective material such as aluminum foil will be 
placed around the block to minimize the loss of 
energy out of the sides and top

§ The heater will be placed in the TPV system using 
insulated clamps and pins

Area of block body (A) = 0.001116m2

Area of black surface (Ab) = 0.0001m2

Power Output Calculations

• Black body surface with emitter:
Qrad, b = σεbAb(Ts

4 –To
4)

Qrad, b = σ(1)Ab(12734 - 3004)
Qrad, b = 14.85W
• Copper body:
Qrad, Cu = σεCuA(Ts

4 –To
4)

Qrad, Cu = σ(0.05)(A)(12734 - 3004)
Qrad, Cu = 8.287W
• Stainless Steel body:
Qrad, Cu = σεCuA(Ts

4 –To
4)

Qrad, Cu = σ(0.1)(A)(12734 - 3004)
Qrad, Cu = 16.57W

at 1000°C

Due to unforeseen circumstances, the heater could not be machined this 
semester. In the future, I will build the heater and implement it into Dr. 
Wang’s TPV system. Testing will be conducted on the system at the higher 
temperature, and improvements will be made to achieve the highest 
efficiency possible

TPV Diagram1
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