Abstract:

This experiment investigate the possibility of measuring a temperature using four different
devices [RTD resistance temperature doctor, thermocouple, thermistor thermometer] asgt
comptrshed-familiar characteristics for each different kind of devices and the princir

working and mathematical function behav; 5 S o

The RTD 1s composed of certain metallic elements whose change in resistance is 2 function
of temperature. A thermocouple consists of a welded hot junction between two dissimilar
metals -usually wires - and a reference junction at the opposite ends of the parent materials.
A thermistor compose of sintered semiconductor material which exhibits a large change in
resistance proportional to a small change in temperature. Thermistors usually have negative
temperature coetficients which means the resistance of the thermistor decreases as the
temperature increases. Thermometer contains a liquid (usually mercury or an alcohol

solution) in a reservoir whose volume is linearly dependent on the temperature (directly

proportional).
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‘ r Thermistor: Tie=44.4587 °C , Texp=44.4586 °C and percentage error E%=4.948*10"%., o~
or Thermocouple: Tgeo=31.1388 OC,T¢XP=3 1.22117 °C and percentage error E%=-0.2645%.

According on the error values found the Thermistor is the most accurate device.
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Nomenclature:

A=3.90802%103
B=-5.80195*10/.7

R: measured resistance (Q)

0.

: RTD normal resistance at W(E=H RS

=100
T calculated temperature in (C°)
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Objectives:

The aim of this €Xperiment is to
Thermocouple, Thermistor) and
their properties and behavior
thermocouple, resist

become familiar with different thermometer
their thermal response. Then

such as the voltages/temper
ance/temperature

S(RTD,
to be able to €xamine some of

atures relationship of a
S relationship of RTD and thermistor.
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Experimental setup and procedure:

|- Standard mercury thermometer is inserted to read the exact temperature of the heat source.
2- Open the computer and start the program (TMT).

3- Click on the "Thermometer comparison" bottom.

4- Turn the Heater on by pressing on the Heater Switch button on the screen.

5- Start recording the readings of different temperature values by pressing the "Read" bottom.

6- The readings will appear on the (Temperature-Voltage or Temperature-Resistance graph)

as read points.

7- Turn the heater off by pressing on the Heater Switch button on the screen.

]- Turn the Fan on (cooling).
0- Repeat the same procedure.

10- Compare the results.
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Table 2: data observed for temperature measurement devices while cooling .
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Figure 2: temperature variation as voltage ch

ange for thermocouple .
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4) Whic
) 1ch one of the thermometers will

Explain why? be suitable for the following applications?

4.1)An applicati ' ‘
}Fh pplication with a wide temperature range (above 1000 °C)
ermocouple due to its high temperature range. |

4.2)An application tl
1at needs a go |
OC)_ good response time (temperature range is up to 500
RTD due to its temperature range and its response time.
4.3)An application that needs accurate readings and fast respopge time temperature

range is up to 80 @)

Thermistor due to the small temperature range and its accuracy/and response time.

4.4) An application that needs a repetitive sensor (temperature range is up to 500 "C).

RTD due to 1ts repeatability.

onetic field (temperature range is up to 500 )

4.5)An application that has electroma

Thermocouple.

length of the sensor does not affect the

in which the WIres
G,

4.6)An application
(temperature range is up to 500

temperature readings

RTD according to its range.
sensor does not affect

|
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4.,7)An application in which the WIres 1ength00f the
ature range 18 up to 50 "C).

temperature readings (temper
range.

Thermistor according to 1ts




Table 3:
L CO
mparison between thermocoy le, R
— i pie, RTD and thermistor
Th |
e ermocouple RTD
Measuring method B i
- using volt | res
U age resistance variation | resistance variation

difference between
two ends

(positive )

(negative )

!

Temi)erature ran '
C :
' g wide wide low
Stabili | |
bility very high high Tt
s - _—
S i . .
Repeatability do not give same data | give same data do not give same data
L 1
Accuracy(+/-) 0.5 0.01 0.1
|
Response time moderate good best
- -
Cost low high low
Precision from close hClOSC T very close
thermometer
t [ inearity has small linear has small linear no linear region
region (logarithmic curve )

region

So, picking the right instru

following points:

1) The type of applic
2) The cost of the 1n

strument.

3) The accuracy needed.

ment for measuring temperature

ation (temperature range)-

should take into consideration the




gources of error:;
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