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Infrared Themography

« Infrared Thermography Cameras

— Shortwave Infrared Camera (SW)
— Midwave Infrared Camera (MW)
— Longwave Infrared Camera (LW)
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Infrared Camera

« FLIR® T1030sc Camera Specifications

— 1024 X 768 Thermal Pixels

— High Speed Interface (30Hz, 120Hz, 480Hz)
— NETD <20mK

— LW Spectral Range (7.5 -14 micrometer)

— Uncooled Microbolometer Detector

— Cost: Around 50,000 USD




Working Principle

Plank's Law
-~ _ 2hc? 1
B,(Watt.sr™L.m™3) = = ——
eAkBT—l

Wien’s Law (Differentiating Plank’s Law)

2898
Amax(um) = T

Classical theory (5000 K)

Stefan Boltzmann's Law (Integrating Plank's Law)
WWatt.m™?) = eoT*

Wavelength (um)




Working Principle Cont.

Infrared Radiation Sources (Absorbtion/Emittance, Reflection, & Transmission)
(1,1+§0,1+T,1:1 OR EA+¢A+TA:1

Black Body (only theoretical)
a, = & OR €y = 1

Gray Body (only theoretical)
€, = Q) = constant

White Body (only theoretical)

Real Body
0<eg/a <1 AND 0<gp <1 AND 0<ty<1



Industrial Applications & Advantages

Thermography Applications:

Electrical Equipment
«  Civil Structures (e.g. insulation, water leaks, etc.)
« Boilers and Steam Systems
« Engines and Power Production /
* Mechanical Equipment (e.g. gears, bearing, etc.) L
« Surveillance and Security
« Medical and Veterinary

Advantages:

« Non-contact

« Non-intrusive

* Pre-emptive maintainance
« Fast and detailed

Certified Thermographer (category |, I, Ill):
« ANSI/ASNT CP-105 and CP-189
« DINENISO 9712




Application 1: Ice Thermal Conductivity
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Figure 5: Actual Infrared Imaging Experiment Setup surface of ice block [22, 23].




Application 1: Ice Thermal Conductivity Cont.

Thermal Diffusion is governed Heat Equation

oT k (0°T 0°T 0°T q
= +—+ +
ot pc\dx? 0dy? 0z?) pc

Forward Time Central Space (FTCS) Discretization using Finite Difference
Method can be used to solve the above equation.



Application 1: Ice Thermal Conductivity Cont.
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Application 2: Required Insulation index (IREQ)




Application 2: Req. Insulation index (IREQ) Cont.
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Application 2: Req. Insulation index (IREQ) Cont.

« Required Clothing Insulation index (IREQ)

Tsk_Tcl
R+C

= IREQ

« *|REQ Value of Winter Jacket = 392 Clo

« *|IREQ Value of Summer Jacket = 276 Clo
« *|REQ Value of Sweater = 224 Clo

« *|REQ Value of T-Shirt = 125 Clo

*relative required clothing insulation index



Application 3: Tensile Tests of Steel
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Application 3: Tensile Tests of Steel Cont.
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Application 3: Tensile Tests of Steel Cont.

Thermography
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Thanks

"THE SUN WAS WARM BUT THE WIND WAS CHILL.
YOU KNOW HOW IT IS WITH AN APRIL DAY.
WHEN THE SUN IS OUT AND THE WIND IS STILL,
YOU'RE ONE MONTH ON IN THE MIDDLE OF MAY.

BUT IF YOU SO MUCH AS DARE TO SPEAK,

A CLOUD COME OVER THE SUNLIT ARCH,
AND WIND COMES OFF A FROZEN PEAK,

AND YOU'RE TWO MONTHS BACK IN THE MIDDLE OF MARCH.”

BY ROBERT FROST
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