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Laboratory 8: Using Thermocouples for 
Temperature and Heat Transfer 

Measurements	


• Lab Objectives:	



	

-- Understanding Type J, K Thermocouples and the Seebeck Effect	



	

-- Thermocouple Signal Output Levels	



	

-- Amplifying the Thermocouple Output	



	

-- Measurement Curve Fitting and Confidence Level Analysis	



	

-- Reference Temperatures Software Compensation	



	

-- End-to-End Temperature Calculations 	

	



	

-- Lumped-Mass Capacitance Time Constant	
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J, K Thermocouples (1)	


Positive Terminal: Iron …. Negative Terminal: Constantan	



Positive Terminal: Chromel …. Negative Terminal: Alumel	



Constantan is a copper-nickel alloy usually consisting of 55% Copper and 45% Nickel.!

Chromel is an alloy made of approximately 90 percent nickel and 10 percent chromium 

Alumel is an alloy consisting of 95% nickel, 2% manganese, 2% aluminium and 1% silicon.  !
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J, K Thermocouples (2)	



• Graphical Display of Accuracy	
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J, K Thermocouples (3)	


• Graphical Display of Accuracy	
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Type J Calibration	



V (T ) = anT
n

0

n

∑ T (V ) = bnV
n

0

n

∑
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Type K Calibration	



V (T ) = anT
n

0

n

∑ + ae 0 e
ae1 ⋅ T −ae2( ) 2 T (V ) = bnV

n

0

n

∑
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Type J Thermocouple Output Levels	
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= 4.2487 mV	

TTC →

Tref → = 0.8136 mV	



= 100 oC	



Low Level Output	
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Type K Thermocouple Output Levels	
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= 4.2487 mV	

TTC →

Tref → = 0.8136 mV	



= 100 oC	



Low Level Output	
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MyDAQ Analog Input	
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lsb→ +10V − (−10V )
216 ×1000mV

V

=±0.3052mV
bit

0.3052mV
bit

4.2487
mV@100oC

=±7.18%error →

≈ Much Bigger  than 
Sensor  Precision
Error±0.75%
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Let’s Amplify the TC Output to Achieve 
Better Resolution	
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+ (White)	



- (Red)	



V
O
=VTC ⋅

R1 + R2
R1

⎛

⎝
⎜

⎞

⎠
⎟

See Appendix III for Derivation	



R1 = 100   Ohms	


R2 = 2000 Ohms 	

 Gain = 20	



•	

     MyDAQ         	



REMEMBER THIS CIRCUIT?!	
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Let’s Amplify the TC Output to Achieve 
Better Resolution (2)	
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-- @ 100 oC ! VTC = 4.2487 mV	



-- Amplified Signal = 20 x 4.2487 mV = 84.9748 mV	



-- Resolution error now has been significantly reduced 	



lsb→ +20V
216

×1000mV
V

= 0.3052mV
bit

0.3052mV
bit

84.974
mV@100oC

= 0.359%error
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Part 1, Thermocouple Systems Calibration	
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+ (White)	



- (Red)	


•	

     MyDAQ         	
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Laboratory Setup, Part 1	
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Type “K”	


TC	



Amplifier 
Circuit, 
Gain ~ 25	



Type “J”	


TC	



Type “J”	


TC	



Thermometer	
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Laboratory Setup (2)	
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Matched 
TC Metal 
Wire Pairs	



Sensing 	



bead	



+ (White)	


- (Red)	



Unamplified TC	



Type “J”	


TC	



WIRE DIRECTLY TO DAQ AI0	
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Laboratory Setup (3)	
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Matched 
TC Metal 
Wire Pairs	



Sensing 	



bead	



+ (White)	



- (Red)	



Amplified TC	



Type “J”	


TC	



Don’t forget the + 15V Power to Amplifier	



V
O
=VTC ⋅

R1 + R2
R1

⎛

⎝
⎜

⎞

⎠
⎟

+ (White)	



- (Red)	

•	
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Laboratory Setup (4)	



TC (2) BEAD	



OP AMP	



R1	



R2	



TC (1) BEAD	



Pick R1, R2 to 
give amplifier 
gain near 
20-25. 	
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Laboratory Setup (5)	



+ 15 VDC	



- 15 VDC	
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VI Programming Procedure (1)	


• Modify VI  from labs 2 & 6 to now acquire TWO CHANNELS from the MyDAQ	


• Easiest method is to use the DAQ assistant	



• The DAQ Assistant Express VI can be found on 
the Functions palette by going to Express » Input. 	



• Place the DAQ Assistant on the block diagram by 
dragging and dropping it from the Functions 
palette. 	



• The Assistant should automatically launch when 
you drop the VI on the diagram.	



• Create the Task	


-- Select Acquire Signals and then Analog Input for your 
Measurement Type.	



         -- Next, select Voltage.	
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VI Programming  Procedure (2)	
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VI Programming Procedure (3)	



• Will show 
“MyDAQ”	



• and 
available 
channels 	



Select both 
a0 and a1 
(shift drag) 	
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VI Programming Procedure (4)	


• Rename Channels (right click on channel)	



	

- ACH0 ! Unamplified TC Voltage	


	

- ACH1 ! Amplified TC Voltage	

	



• Set Acquisition Mode: 1 Sample (On Demand)	


	

- 1-sample, On demand	



• Set Voltage Range for Both Channels: +- 10 Volts (Default for MyDAQ)	
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VI Programming Procedure (6)	



• Split Output from DaQ assistant Bock .. And wire to two separate digital displays 
and strip charts	



.	



Functions >> Express >> Signal 
manipulation >> Split Signals	
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VI Programming Procedure (7)	


“Right click” for 
Digital Display	



“Right click” for 
Time-Axis Scroll Bar, 
Drag to desired size. 	
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Lab Procedure, Part 1 (1)	



• Power up your Op-Amp, then run the VI	



• Use Heat gun to heat the beads of both TC’s simultaneously	



• What do you notice of the comparative responses? Noise levels?	
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Lab Procedure, Part 1 (2)	



• Fill Beaker with water .. Insert all three 
TC’s 	



	

- “K” from multimeter	


	

- “J” unamplified	


	

- “J” Amplified	



Manual thermometer	



• Place beaker onto Corning lab Heater, turn 
set point to “high” 	



• Run VI and as water heats up, Read 
Multimeter Temperature Output and 
Thermometer Value, and mVolt outputs 
from TC’sa connected to MyDAQ	



• Log at least 10 data points as water warms 
from tap temperature to just below boiling. 	
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Lab Procedure, Part 1 (3)	



• Populate Spreadsheet below	



Data Point 
Number	



Thermometer 
Temperature oC	



MultiMeter 
“K” 
Temperature 
oC	



Unamplified 
Type “J” 
mVolts	



Amplified Type 
“J” mVolts	



1	



2	



3	



…	



9	



10	
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Lab Procedure, Part 1 (4)	



• Plot and Curve Fit Data .. Produce 4 graphs	



1)  Thermometer Temperature vs Unamplified TC mVolts	


2)  Type “K” Temperature (DMM) vs Unamplified TC mVolts	



3)  Thermometer Temperature vs Amplified TC mVolts	


4)  Type “K” Temperature (DMM) vs Amplified TC mVolts	



• Compare First and Second order Curve Fits for each, Use 
RMSE fit error and Student –t distribution to assess curve 
confidence interval to 95% level of confidence	



• Attach Plots for each to lab report	



• Use VI developed for Homework 5 to make this task EASY!	
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Lab Procedure, Part 1 (5)	



• Select Coefficients for “Best fit” for both type “J” TC’s 	



1)  These will be your calibrations for the “Installed” TC systems	



2)  Use Coefficients to Scale mVolts display on VI of front panel 
to calculate temperature in deg. C	



3)  Add additional stripchart graph and display both TC outputs in 
T deg. C on the same chart. 	
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Lab Procedure, Part 1 (5)	



• Example Plots and Analysis, Unamplified TC	



millivolts	



millivolts	
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Lab Procedure, Part 1 (6)	



• Example Plots and Analysis, Amplified TC	



millivolts	



millivolts	
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VI Programming Procedure, Part 2	


• Use curve Fit coefficients from calibration to calculate temperature directly from 
the output from TC (1) and TC (2)	



• Select the Curve Fit Array from Each Calibration VI and Paste Onto Front Panel 
of TC-Read VI. ! Right Click Indicator and Select “Change to Control”	



• Right Click again on Control and Select “Data Operations >> Make Current 
Value Default”   	



• Make a New Strip chart Display on Front Panel and Title that Indicator “TC 
Output Display”. Y-axis units are now temperature in degrees C.	



• Now Grab a “Vertical Pointer Slide” control from the Numeric Control Menu 
and Paste onto front panel, Label This Bar “TC Selector”	
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VI Programming Procedure, Part 2 (2)	


• Right Click on Control and Select data Entry .. Set minimum value to zero, 
maximum value to 2	



• Set Upper Limit on 
Indicator to 2	



• Right click on Indicator 
and Select	


“Representation>>I32”	


Sets this  control to an integer 
input 	



• Right Click on Indicator and 
select “Visible Items >> Digital 
Display”	



This control will allow you to 
select either of both TC for 
temperature display	
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VI Programming Procedure, Part 2 (3)	


• Your revised front panel should now look approximately like 	



Temperature Display	



Temperature Display	


Selector	



Calibration 
Coefficients	
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VI Programming Procedure, Part 2 (4)	


• Add another frame to your Block diagram for the Volts to temperature 
conversion … right click on first frame .. Select add frame after	



Temperature Display	
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VI Programming Procedure, Part 2 (5)	


• Add a case structure to allow you to select the display options ! “Functions 
>> Programming >> Structures >> Case Structures “	


• Wire your selector to this case structure, select case “1”, right click, and select 
“add frame after” 	


! Populate the three cases in the middle frame as shown below	



Case 1	

 Case 2	

 Case 3	



… The VI “eval_poly_waveform.vi” is found on the lab 8 web page	





MAE 3340 INSTRUMENTATION SYSTEMS	

 36	



VI Programming Procedure, Part 2 (6)	


• The Final Modified Block Diagram should Look something like	



Acquire data	

 Convert to Deg. C	



Set 
frame 
rate	
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VI Programming Procedure, Part 2 (7)	



• Run your VI and 
test for Functionality	


• 	

Heat both Type 

“J” TC’s with heat gun 
and compare amplified 
and 	

unamplified  TC 
	

temperature outputs	



• 	

 Which signal 
would you rather use?	
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Lab Procedure Part 2 (1)	



• Solder your Amplified TC – tip to a Penny. You might have to clean the penny 	


And sand the surface first to get good contact. 	



• Once you have a good connection run your VI to check functionality .. Then 
stop your VI, right click on temperature display graph and select “Data 
Operations >> clear chart>> “.	



• Heat water in beaker to just before boil ~ 90-90 oC. Immediately immerse 
penny on bottom of beaker and watch the time response. 	



• Run the VI until the temperature stabilizes, then stop VI and right click on 
Temperature display … select “Data Operations >> Make Current Value 
Default” .. Save your VI	
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Lab Procedure Part 2 (2)	


•Right click on your your temperature display graph, and select “Formatting”	


•  In the pop-up menu select the “Scales” tab .. And then for both x and y scales 	


Select major and minor grids .. This action will add grids that will help you to 
read your chart accurately 	

 Manually change the graph limits to display 

the entire temperature response curve	
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Lab Procedure Part 2 (3)	



• Attach this figure to your 
lab report	



• Read To and Tfinal =Twater 
from graph + sufficient 
intermediate points to plot 
a log-graph as per slide 56 
of Appendix	



− ln
Twater −Tp (t)
Twater −Tp (0 )

⎛

⎝
⎜
⎜

⎞

⎠
⎟
⎟

-- Plotted versus time	



The slope of this curve is =	



1
τ
=
h ⋅Asurf
m ⋅ cp

Tp(0)	



Twater	



Tp(t)	



63.2% rise	
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Lab Procedure Part 2 (4)	



Verify this result by reading the                               rise time from your linear time 	


history graph                                                    (as per slide 55 of Appendix) 	



63.2% response	



τ ~ approximate process time constant

1− 1
e
= 63.2%...
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Lab Procedure Part 2 (4)	



• Using the Previously described material, thermodynamic, and transport 
parameters for the Penny ..calculate the convective heat transfer coefficient 
and the Biot Number (see appendix I) 	



• What can you conclude about the applicability of the “lumped-mass” 
assumption to this configuration?	



τ c =
m ⋅ cp
h ⋅Asurf

→ h =
m ⋅ cp
τ ⋅Asurf

Bi = h ⋅ Lc
k

=
h ⋅V
k ⋅Asurf

→ Bi =
m ⋅ cp
τ ⋅Asurf

⋅
V

k ⋅Asurf
=

m ⋅ cp ⋅V
τ ⋅ k ⋅A2surf
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Appendix I, Heat Transfer Measurements	



Lumped Capacitance Method	
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Temperature Versus Heat (1)	


• Often the concepts of heat and temperature are thought 	


to be the same, but they are not.	



• Temperature is a number that is related to the average 	


kinetic energy of the molecules of a substance. If temperature 	


is measured in  Kelvin degrees, then this number is directly 	


proportional to the average kinetic energy of the molecules.	



• Heat is a measurement of the total energy in a substance. 	


That total energy is made up of not  only of the kinetic 	


energies of the molecules of the substance, but total energy 	


is also made up of the potential  energies of the molecules.	
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Temperature Versus Heat (2)	


• When heat, (i. e., energy), goes into a substance one of two things 	


can happen:	



1.  The substance can experience a raise in temperature. That is, the heat can be 	


	

used to speed  up the molecules of the substance. 	



2. The substance can change state. For example, if the substance is ice, it can 	


	

melt into water.  This change does not cause a raise in temperature. The 	


	

moment before melting the average  kinetic energy of the ice molecules is 	


	

the same as the average kinetic energy of the water molecules a moment 	


	

after melting. Although heat is absorbed by this change of state, the 	


	

absorbed energy is not used to speed up the molecules.  The energy is used 	


	

to change the bonding between the molecules. 	
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Transient Heat Conduction	


Lumped Capacitance Method 	
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Transient Heat Conduction	


Lumped Capacitance Method (2) 	



• Biot number (Bi) -- dimensionless quantity used in heat transfer calculations. 	


•  Named after the French physicist Jean-Baptiste Biot (1774–1862	


•  Ratio of the heat transfer resistances inside of and at the surface of a body. 	


•  Determines temperatures inside a body will vary significantly in space, as body 
heats or cools over time from thermal gradient at surface.	


• Problems involving small Biot numbers are thermally simple, due to uniform 
temperature fields inside the body. 	
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Transient Heat Conduction	


Lumped Capacitance Method (3) 	



Lc →Characteristic Length of  Solid
V  →Volume of  Solid
Asurf → Surface Area of Solid
k   →Thermal  Conductivity of  Material
h→Convective Heat  Transfer  Coefficient
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Transient Heat Conduction	


Lumped Capacitance Method (4) 	



• Consider a room temperature penny immersed into a hot water bath	



• The penny is 19.0 mm in diameter and is 1.25 mm 
thick.	



• Material properties .. Penny is 97.5% zinc with 
copper coating … use zinc material properties.	



•	


Lc =

V
As
=

π ⋅D2

4
⋅ t

2 ⋅ π ⋅D
2

4
+ t ⋅ π ⋅D

 

cp = 385 J
kg!K

ρ = 7140 kg
m3

k =112 W
m−K

→

V = 350.14
mm3

As = 641.67mm2
Lc = 0.5467mm
m = ρ ⋅V = 2.500g

Let’s evaluate heat 
transfer coefficient 
and calculate Biot  
Number	
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Lumped Capacitance Method (5)	


• Relationship between temperature and heat transfer	



…. Heat flows from “cold to hot”	



 

m ⋅ cp
∂T
dt

=
∂q
dt
→

m → mass of  object~kg

cp → specific heat  of  object
~ J

kg!K

T → temperature of  object~! K

∂q
dt
→ rate of  heat  transfer

~ J
sec

...watts
 

m ⋅ cp “heat capacity” ~ J/oK	





MAE 3340 INSTRUMENTATION SYSTEMS	

 51	



Transient Heat Conduction	


Lumped Capacitance Method (6) 	


Let’s evaluate heat transfer coefficient and calculate Biot  
Number	



 
!Qin = h ⋅Asurf Twater −Tsurf( )

Equating Rate of Heat Input Versus	


Rate of Internal Energy Stored by 	


Lumped Capacitance	



 
m ⋅ cp ⋅ !Tp = h ⋅Asurf Tsurf −Twater( )
Assume Low Biot Number and Tp = Tsurf 	



Tsurf = Surface Temperature of  Penny
Tp = Mean Internal  Temperature of  Penney
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Transient Heat Conduction	


Lumped Capacitance Method (7) 	


Solve for Tp	



 

!Tp +
h ⋅Asurf
m ⋅ cp

⋅Tp =
h ⋅Asurf
m ⋅ cp

⋅Twater

Assume ..                      ..  Approximately Constant 	


h ⋅Asurf
m ⋅ cp

 

multiply both sides by→ e
h⋅Asurf
m⋅cp

⎛

⎝
⎜⎜

⎞

⎠
⎟⎟⋅t

e
h⋅Asurf
m⋅cp

⎛

⎝
⎜⎜

⎞

⎠
⎟⎟⋅t

⋅ !Tp +
h ⋅Asurf
m ⋅ cp

⋅Tp
⎛

⎝
⎜⎜

⎞

⎠
⎟⎟= e

h⋅Asurf
m⋅cp

⎛

⎝
⎜⎜

⎞

⎠
⎟⎟⋅t

⋅
h ⋅Asurf
m ⋅ cp

⋅Twater
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Transient Heat Conduction	


Lumped Capacitance Method (8) 	



 

e
h⋅Asurf
m⋅cp

⎛

⎝
⎜⎜

⎞

⎠
⎟⎟⋅t

⋅ !Tp +
h ⋅Asurf
m ⋅ cp

⋅Tp
⎛

⎝
⎜⎜

⎞

⎠
⎟⎟=

d
dt

e
h⋅Asurf
m⋅cp

⎛

⎝
⎜⎜

⎞

⎠
⎟⎟⋅t

⋅Tp
⎡

⎣

⎢
⎢

⎤

⎦

⎥
⎥

Integrate right  hand  side→

d
dt

e
h⋅Asurf
m⋅cp

⎛

⎝
⎜⎜

⎞

⎠
⎟⎟⋅t

⋅Tp
⎡

⎣

⎢
⎢

⎤

⎦

⎥
⎥

0

t

∫ ⋅dt = e
h⋅Asurf
m⋅cp

⎛

⎝
⎜⎜

⎞

⎠
⎟⎟⋅t

⋅Tp (t )
− e

h⋅Asurf
m⋅cp

⎛

⎝
⎜⎜

⎞

⎠
⎟⎟⋅⋅0

⋅Tp (0)
=

e
h⋅Asurf
m⋅cp

⎛

⎝
⎜⎜

⎞

⎠
⎟⎟⋅t

⋅ Tp (t )
− e

−
h⋅Asurf
m⋅cp

⎛

⎝
⎜⎜

⎞

⎠
⎟⎟⋅t

Tp (0)

⎛

⎝

⎜
⎜

⎞

⎠

⎟
⎟
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Transient Heat Conduction	


Lumped Capacitance Method (9) 	



Integrate for Tp	



Integrate left  hand  side→

e
h⋅Asurf
m⋅cp

⎛

⎝
⎜⎜

⎞

⎠
⎟⎟⋅t

⋅ Tp (t )
− e

−
h⋅Asurf
m⋅cp

⎛

⎝
⎜⎜

⎞

⎠
⎟⎟⋅t

⋅Tp (0 )

⎡

⎣

⎢
⎢

⎤

⎦

⎥
⎥
= e

h⋅Asurf
m⋅cp

⎛

⎝
⎜⎜

⎞

⎠
⎟⎟⋅τ

⋅
h ⋅Asurf
m ⋅ cp

⋅Twater
0

t

∫ ⋅dτ =

h ⋅Asurf
m ⋅ cp

⋅Twater ⋅
m ⋅ cp
h ⋅Asurf

e
h⋅Asurf
m⋅cp

⎛

⎝
⎜⎜

⎞

⎠
⎟⎟⋅t

−1
⎛

⎝

⎜
⎜

⎞

⎠

⎟
⎟=Twater ⋅ e

h⋅Asurf
m⋅cp

⎛

⎝
⎜⎜

⎞

⎠
⎟⎟⋅t

−1
⎛

⎝

⎜
⎜

⎞

⎠

⎟
⎟

Divide by... e
h⋅Asurf
m⋅cp

⎛

⎝
⎜⎜

⎞

⎠
⎟⎟⋅t

→ Tp (t )
− e

−
h⋅Asurf
m⋅cp

⎛

⎝
⎜⎜

⎞

⎠
⎟⎟⋅t

⋅Tp (0 )

⎡

⎣

⎢
⎢

⎤

⎦

⎥
⎥
=

e
−
h⋅Asurf
m⋅cp

⎛

⎝
⎜⎜

⎞

⎠
⎟⎟⋅t

Twater ⋅ e
h⋅Asurf
m⋅cp

⎛

⎝
⎜⎜

⎞

⎠
⎟⎟⋅t

−1
⎛

⎝

⎜
⎜

⎞

⎠

⎟
⎟=Twater ⋅ 1− e

−
h⋅Asurf
m⋅cp

⎛

⎝
⎜⎜

⎞

⎠
⎟⎟⋅t

⎛

⎝

⎜
⎜

⎞

⎠

⎟
⎟
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Transient Heat Conduction	


Lumped Capacitance Method (10) 	



Integrate for Tp	



Solve for  →Tp (t)

Tp(t ) = e
−
h⋅Asurf
m⋅cp

⎛

⎝
⎜⎜

⎞

⎠
⎟⎟⋅t

⋅Tp(0) +Twater ⋅ 1− e
−
h⋅Asurf
m⋅cp

⎛

⎝
⎜⎜

⎞

⎠
⎟⎟⋅t

⎛

⎝

⎜
⎜

⎞

⎠

⎟
⎟=

e
−
h⋅Asurf
m⋅cp

⎛

⎝
⎜⎜

⎞

⎠
⎟⎟⋅t

⋅ Tp(0) −Twater( )+Twater

Twater = final temperature of penny
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Transient Heat Conduction	


Lumped Capacitance Method (11) 	



Simplify and 
normalize	

 Tp (t)= e

−
h⋅Asurf

m⋅cp

⎛

⎝
⎜⎜

⎞

⎠
⎟⎟⋅t

⋅ Tp (0 )
−Twater( )+Twater →

Tp (t)−Tp (0 )
= e

−
h⋅Asurf

m⋅cp

⎛

⎝
⎜⎜

⎞

⎠
⎟⎟⋅t

⋅ Tp (0 )
−Twater( )+Twater −Tp (0 )

=

Twater −Tp (0 )( ) ⋅ 1− e
−

h⋅Asurf

m⋅cp

⎛

⎝
⎜⎜

⎞

⎠
⎟⎟⋅t

⎛

⎝

⎜
⎜

⎞

⎠

⎟
⎟→

Tp (t)−Tp (0 )

Twater −Tp (0 )

=1− e
−

h⋅Asurf

m⋅cp

⎛

⎝
⎜⎜

⎞

⎠
⎟⎟⋅t

→ Let... τ c =
m ⋅ cp

h ⋅Asurf

→
Tp (t)−Tp (0 )

Twater −Tp (0 )

=1−e−t /τ c →τ c ≡"time constant"

when.... τ ≡ t →
Tp (t)−Tp (0 )

Twater −Tp (0 )

=1− e−1 =1− 1
e
≈ 0.63.2%
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Transient Heat Conduction	


Lumped Capacitance Method (12) 	



Tp (t)−Tp (0 )

Twater −Tp (0 )

=1− e
−

h⋅Asurf

m⋅cp

⎛

⎝
⎜⎜

⎞

⎠
⎟⎟⋅t

=1−e−t /τ c →τ c ≡"time constant"

τ →
Tp (t)−Tp (0 )

Twater −Tp (0 )

=1− 1
e
≈ 0.63.2%

Tp (t)=Tp (0)

Tp (t)=Twater
τ =1.0  sec	



τ →
Tp (t)−Tp (0 )
Twater −Tp (0 )

=1− 1
e
≈ 0.632
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Transient Heat Conduction	


Lumped Capacitance Method (13) 	



Tp (t)−Tp (0 )

Twater −Tp (0 )

=1−e−t /τ c → solve for  e−t /τ c

→ e−t /τ c =1−
Tp (t)−Tp (0 )

Twater −Tp (0 )

−1=
Twater −Tp (0 )( )− Tp (t)−Tp (0 )( )

Twater −Tp (0 )

=
Twater −Tp (t)
Twater −Tp (0 )

→

take natural  log→ t /τ c = − ln
Twater −Tp (t)
Twater −Tp (0 )

⎛

⎝
⎜
⎜

⎞

⎠
⎟
⎟

τ c =1/ slope.. on log  plot
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Transient Heat Conduction	


Lumped Capacitance Method (14) 	



− ln
Twater −Tp (t)
Twater −Tp (0 )

⎛

⎝
⎜
⎜

⎞

⎠
⎟
⎟

− ln
Twater −Tp (t)
Twater −Tp (0 )

⎛

⎝
⎜
⎜

⎞

⎠
⎟
⎟= a ⋅ t +b→ τ =1/ a
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Appendix II Thermocouple Types	



What we are using in this lab	
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Thermocouple Types (2)	


• Color Coded Connectors	
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Thermocouple Types (3)	


• Color Codes Connectors	
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Thermocouple Accuracies (1)	



US Standard	



• No sampling and  
reference sensor error 
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Thermocouple Accuracies (2)	



… International Standards	



• No sampling and 	


reference sensor error	
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Appendix III, TC Amplifier Circuit Analysis	
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+ (White)	



- (Red)	


•	

     MyDAQ         	
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Appendix III, TC Amplifier Circuit Analysis	
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Appendix III, TC Amplifier Circuit Analysis	
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