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Overview of an Instrument Model
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Sources of
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Narrow Angle Radiometer Design

The change in temperature of the thermistor causes a change in resistance
Design based on IFRF and used by PRAXAIR
We have identified uncertainties in construction, operation and calibration
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Narrow Angle Radiometer Design:
Wheatstone Bridge
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Narrow Angle Radiometer Design: Lens
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Design Uncertainty
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Design Uncertainty:
Wheatstone Bridge

o Resistors

o Two 250 Q resistors were used in the Wheatstone
bridge

Resistance % error

o QOperating temperature range: -55°C to 150°C

o Resistors can drift up to 1% over lifetime
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° The temperature of the thermistors is related to the
resistance

12000

o The operating temperature range of the thermistors is -40°C
to 125°C

o The thermistor resistance can drift up to 1%
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o +5% uncertainty between thermistors

-50 0 50 100 150 200

Temperature (°C)



INSTITUTE FOR
Clean and Secure Energy

. THE UNIVERSITY OF UTAH

Design Uncertainty: Transient Temperature Effects on
Wheatstone Bridge

Radiometer 2
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Design Uncertainty: View Angle

Radiometer 1 view angle
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Calibration: Muffle Furnace
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Calibration: Low Range Blackbody

Radiometer 3
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Calibration Uncertainty

Mid-range uncertainties Low-range uncertainties:
o Target temperature > Non-uniform temperature
o Graphite sheet o Target size
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Target size Oxide layer formation
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Radiometer 2
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Instrument Uncertainty: Analysis

WHEATSTONE ANALYSIS HEAT FLUX ANALYSIS
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Blackbody temperature  +10°C

Wheatstone bridge equation: Lens refractive index 1.35-1.51
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Instrument Uncertainty:

Results
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Conclusions and Recommendations

Many sources of uncertainty have been identified and accounted for

There are still sources of uncertainty not accounted for as seen in the calibration curves

The largest source of uncertainty comes from the use of the Wheatstone bridge
° +130% with 1% thermistor uncertainty vs. +72% with no thermistor uncertainty

We need more accurate heat flux measurements in the future

Recommendations
° Eliminate Wheatstone bridge: use thermopile instead

o Smaller view angle and eliminate reflectivity inside tube

o Higher purge gas flow rate
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