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Total Hemispherical Emittance Measurement 
Via A Vacuum Calorimetric Method 

Jonathan Ferry, Ph.D. Student | Dr. Roland Winston, Principle Investigator| University of California, Merced 

Problem 

How can the total hemispherical emittance of a 
surface be measured within a certain degree of 
accuracy? 

Hypothesis 
•! By applying a known amount of heat to a system, and measuring the 

surface temperature, the surface emittance can be calculated. 
•! Requires system to be placed in a vacuum environment to limit heat 

loss to the radiation regime. 
•! Measurements and calculations are based on the Gray Body 

assumption. 

Project Overview 

Solar selective coatings are extremely important for the field of solar 
thermal energy. These coatings allow for high absorption in the solar 
spectrum, but limited emission at operating temperature. It is critical to 
understand how much heat loss a solar thermal absorber will 
experience under operating conditions. The goal of this project is to 
develop a testing and measurement method for calculating the total 
hemispherical emittance of solar selective coatings for operating 
temperatures ranging from 300°C to 650°C 

Theory 

Gray Body 
Assumption 
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•! Calculated by 

multiplying voltage 
and current of heating 
element. 
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Weighted Surface 
Temperature 
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•! The same method was 

used to calculate the 
average surface 
temperature of the 
glass chamber. 

Stability Criteria  
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•! Steady state achieved 
when temperature 
changes by less than 
1°C in 100 times the 
stability time 

Experimental Setup 

Procedure 

Place absorber 
tube in vacuum 
chamber and 

pump down to the 
order of  ~1e-4 
mbar pressure. 

Step 1 

Increase the 
voltage supplied 

to the heating 
element by 24VAC 

(10% 
increments). 

Step 2 

Wait for 
temperature 
readings to 

stabilize 
according to 

stability criteria. 

Step 3 

Repeat 
procedure from 

Step 2 until 
absorber 

temperature 
reaches ~650°C. 

Step 4 

Measurements & Observations 
Data was logged continuously throughout 
the experiment using an Agilent 34972A. 
The measured variables recorded were: 

•! Ta: absorber surface temperature (5 k-
type thermocouples) 

•! Tg: glass chamber surface temperature 
(4 k-type thermocouples) 

•! VAC: voltage supplied to the heating 
element 

•! IAC: current supplied to the heating 
element. 

Results 

•! Figure 4 shows three selective coating tested having emittance values 
less than 0.25 in the infrared emission temperature range. 
•! Each coating would provide minimal heat loss as a solar thermal absorber. 

•! Emittance values increase with temperature, as expected. 
•! Selective coating C showed signs of coating degradation at 

temperatures above 500°C. 
•! Long term stability of coating C at elevated temperatures is doubtful. 

Conclusion 
•! Vacuum calorimetric measurement of heat loss provides a realistic 

result for the total hemispherical emittance of a surface. 
•! Preliminary results yielded values within the expected range for 

samples tested. 
•! More work can be done to refine the calculations and reduce error. 

•! Error sources include: 
•! Heat loss through thermocouple lead wires. 
•! Heat loss from tube ends. 
•! Conductive losses from residual gas in vacuum chamber. 
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Figure 1 – Vacuum chamber with absorber tube assembly. 

Figure 2 – Diagram of absorber tube assembly, consisting of heating element(s) 
contained inside of a absorber tube, and thermocouples spot welded to the tube 

surface. 

Figure 3 – Absorber tube observed 
glowing red at 650C 

!"!!#

!"!$#

!"%!#

!"%$#

!"&!#

!"&$#

!"'!#

&!!"!!# &$!"!!# '!!"!!# '$!"!!# (!!"!!# ($!"!!# $!!"!!# $$!"!!# )!!"!!# )$!"!!# *!!"!!#

+,
-.

/#0
12

345
61

738
./

#9
2

3:
.;

81
<#!
"

=>4,7>17#?@7A.81#+12517.-@71<##$$%&#BCDE#

?1/18FG1#D,.F;H#=# ?1/18FG1#D,.F;H#I# ?1/18FG1#D,.F;H#D#

Figure 4 – Experimental results for temperature dependent total 
hemispherical emittance of three different selective coatings. 


