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What are Thermoelectrics?

VMaterials that are pewWer denerators 6 Coolers
depending oni their Use
Case; 1

IHeat gradient &> electron flow: = curremt

Case 2:

Current flows, ——) reverse heat gradient =
elfigerator




Thermoelectric Applications

Peltier
Coolers

RTGs in Space

Missions

Waste Heat

Automobiles Source




Improving Thermoelectrics

Bimiting tise ractor: only: 4-6% elfiCIency.

2. Ways to Improve thermogelectrics:
Develop more efificient materials
Improve; Measurement Systems




Research Goal

Improve the figure off merit calculation: for
thermoglectrics) by Improving the accuracy
Off heat! capacity measurements

o2
poC d

C, - heat capacity o - Seebeck coefficient

p. - electrical resistivity o~ thermal diffiusivity d - density.

Improved heat capacity, Cp,
measurements will directly improve
the thermoelectric figure of merit




Flash Thermal lefuswlty

Thermoelectric <
. Sample




Background Effects

’“l
3 Sources Found to Affect
Detector Readings

~~ Addition of LN,
Lab Temperature

~ Cooling Water Temperature

' - Shield used to minimi‘ze some background, but
v | effects not sufficiently removed




Stainless Steel Comparison

EXperment 1

Measurement: Ip - Detector Output
Hypoethesis: Ip =ils +1s

I Iz remoeved, just have sample
temperature ™ climinates background
effects seen earlier




Stainless Steel Comparison

— 1, Normal Detector Output
—Is, Sample Detector Output

— Ib, Background Detector
Output




Stainless Steel Comparison

Sample 1 fully coated
in graphite,
emissivity is 1,
Detector should pick
up normal output, Ip

Sample 2 was left
uncoated on one
half, the emissivity
is 0, so no output
signal. Any signal
detector picks up
should be
background, Ip




Stainless Steel Comparison

+ Half Coated Steel Sample
= Fully Coated Steel Sample

Results of this experiment did not match hypothesis




Pulse Max Integral

Experiment 2

Measurement: P. = Pulse: Max

b= AT « dIs

dT

Pulse Max

Fecorded

Pulse Max ek \ measured over

greater time
interval, so less
" a1 prone to
IR background
effects

& Detector Qutput
Measured




Pulse Max Integral

¢ Detector Out
» Pulse Max Test Function




Pulse Max Integral

Detector Out Compared to Pulse Max Fit for NSKP 18

¢ Det Output

» Pulse Max
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Graphite Comparison Algorithm

EXPERMERt 5

Basis®: 3D Cross Section

Every coated
sample shouid

have some signal
Pure Graphite characteristics of

Standard pure graphite

Any other signal
measured should
be due to sample
material

Coated Sample




Graphite Comparison Algorithm

Need to develop formula to express the comparison technique

P = AT « 9IS
dT

Cp=Q/ (mx+AT) = AT=Q/ Cp+m

mm) P x Cp xrm = Q * dIS/dT — Q' Graphite

Standard

Q' = P(s) = Cp(s) = m(s) Sample

Properties

Cp(s) = Q'/ {P(s) - m(s)}

To make Q’, need Cp and P data for graphite standard




Graphite Comparison Algorithm

Graphite Standard Pulse Max vs. Sample Temperature ,»

® PulseMax_uA _
A GrphPulseMaxAlg
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Graphite Comparison Algorithm

Graphite Specific Heat vs. Sample Temperature
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Graphite Comparison Algorithm




Graphite Comparison Algorithm

Q'(T) = -8.7124E-14 T* + 3.4188E-10 T3 + 1.5829E-
6 T2 + 4.0911E-5T — 0.02258

To test, used a skutterudite, a new
thermoelectric material

Dulong-Petit law gave the specific
heat of this sample as 0.23 Joules/gK
at 430°C, with it increasing slightly
as temperature increased




Graphite Comparison Algorithm

Graphite Comparison Algorithm vs. Current Lab Algorithm

o
—
ﬁ
N d
i

S

@
L
IQ
=

Q

@

Q
/)

® Ska15HeatCap
¢ Ska15JouleHt

Sample Temperature (C




Conclusion

Improved heat capacity algorithm achieved
after testing multiple algorithms

Gives specific heat measurements in real
time, no additional calculations needed

New materials can be measured more accurately

Older materials can be remeasured to find
new avenues to pursue in materials research

Future work: Test graphite comparison
algorithm using different types of materials,
especially standards such as stainless steel, to
ensure validity of new algorithm
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