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Temperature Detectors) can be used in place of 
thermocouples if greater temperature accuracy is 
required. But thermocouples are usually adequate.

Suppose you encounter the following situation:

•	 The dial thermometer installed in your asphalt 
tank is showing 306 degrees F. 

•	 The temperature controller connected to 
the thermocouple installed next to the dial 
thermometer is showing 296 degrees F. 

•	 Another temperature controller connected to a 
thermocouple in the asphalt piping is showing 
325 degrees F. 

•	 The computer screen used with the PLC is 
showing an asphalt temperature of 290  
degrees F.

Why the differences? Which one is correct?

Let’s assume that none of the instrumentation is 
actually defective and all components are capable 
of operating within their design limits. Also be 
aware that the temperature controller that regulates 
the tank heating system has a certain amount 
of hysteresis or dead band, which allows the 
temperature to exceed the set point somewhat to 
prevent constant recycling. Here are some of the 
things that could account for the differences:

•	 The temperature at one level in an asphalt 
storage tank may be different from that 
at another level in the same tank. This is 
normal because heating may not be perfectly 
uniform throughout the tank. But temperature 
differences can be minimized if the tank has 
a mixer. Thus, tanks should have mixers if 
used to supply asphalt emulsions that require 
closely maintained temperatures. Otherwise, 
the temperature of the asphalt at the outlet 
of the tank may not be the same as the 
temperature at the thermocouple and elsewhere 
in the tank.

•	 The dial thermometer and thermocouple in 
Heatec asphalt storage tanks are normally 
installed close to each other. As a result, 
differences in asphalt temperature at their 
locations should be negligible. That means 
if you see significantly different temperature 
indications between those two devices, it 
is due to differences in the devices. But the 

Figure 5. Thermocouple and dial thermometer in wells on a 
Heatec asphalt tank at an emulsion plant.

Figure 4. Thermocou-
ple and dial thermom-
eter installed in wells 
of storage tank at an 
asphalt terminal. The 
tank was fabricated at 
the plant site.

Figure 6. Capillary bulb and dial thermometer installed in 
wells on a Heatec asphalt storage tank at a HMA plant.
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differences could still be within the rated 
tolerances of the devices. 

•	 All instruments have tolerances. Dial 
thermometers are typically accurate to plus or 
minus one percent of full scale. So one with 
a scale from 150 to 750 degrees F, may show 
temperatures 6 degrees F higher or lower than 
the true temperature. Typical tolerances for 
thermocouples are plus or minus 4 degrees 
F. In the example above, the temperature 
difference between the two devices is 10 
degrees. So its possible that both devices are 
within tolerances, one being 6 degrees too high 
and the other being 4 degrees too low, even 
though this extreme is not likely.

•	 Lack of oil in the wells of tanks where 
thermometers, thermocouples and capillary 
bulbs are installed (Fig. 4, 5, 6) can cause 
significant temperature errors. Bubbles in the 
oil can also cause errors. The wells should be 
partially filled with thermal fluid, with enough 
space left to allow for expansion. Only thermal 
fluid or heat transfer oils should be used in the 
wells. Motor oils and other types of oils should 
not be used. There should be no water in the 
oil. When adding oil, make sure all bubbles 
have escaped from the oil in the well before 
installing the thermometers and thermocouples. 

•	 The temperature of the liquid may change 
as it flows from its storage tank to other 
components. It may either increase or decrease, 
depending on pipeline insulation and design of 
the pipeline heating system. 

•	 The 4 to 20 mA output signal from the 
temperature controllers may not be properly 
scaled to the input of the PLC and its computer 
screen.

What can be done about these differences? Do the 
easy things first. Make sure there is oil (without 
bubbles) in the wells of the tanks where the 
thermometers and thermocouples are installed. 
Make sure the PLC is setup so its 4 to 20 mA input 
is properly scaled to the temperatures represented 
by the 4 to 20 mA signal from the temperature 
controller.

If these things do not solve the problem it’s time 
to do some testing. You will need a temperature 

testing instrument. It must have an accuracy well 
within the tolerances permitted for the mixes 
you make. And it should be more accurate than 
published tolerances for the thermometers, 
thermocouples and capillary bulbs you are testing. 
You will need an instrument such as the Fluke 
1552A EX Thermometer, which has an accuracy 
of plus or minus 0.09 degrees F. Use it to check 
the temperatures at the locations where your 
thermometers thermocouples and capillary bulbs 
are installed. 

Compare temperature indications from the test 
instrument to those indicated by the devices. 
These devices should be within their published 
tolerances. If a dial thermometer is out of tolerance 
try resetting its adjustment. If a temperature 
controller connected to a thermocouple shows 
an erroneous indication, adjust the bias in the 
controller to produce an accurate indication. 

When all temperature devices are within 
tolerances, you will then know that any 
temperature differences found at different locations 
are real. In that case you will need to adjust the 
tank heating and/or the pipeline heating to provide 
the needed temperatures.

Incidentally, you can improvise a single point 
check of a thermometer or temperature sensor 
by placing it in boiling water. It should produce 

Figure 7. Temperature controller uses output from thermo-
couple to display asphalt temperature and to regulate its 
temperature.
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a temperature reading equal to the known 
boiling point of water. But the reading may 
not be useful unless you know the boiling 
point of water for your local altitude. For 
example, at sea level water boils at 212 
degrees F. But in Denver, Colorado, where 
the altitude is one mile high (5,280 feet), 
water boils at 202.5 degrees F. 

Be aware that flow meters and other 
monitoring devices may incorporate 
sensors to compensate the devices for 
temperature variations. But their sensors 
may not provide a true indication of 
actual process temperatures because 
they are affected by heat tracing and 
insulation. So do not be concerned with 
these temperatures when comparing mix 
temperatures.

NOTE
Dial thermometers, thermocouples and 
capillary bulbs are not usually installed 
in new vertical asphalt tanks before they 
are shipped from the factory. Instead 
they are packaged separately and 
shipped with the tanks for installation 
when the tanks are set up at the 
customer’s facility. 

Unfortunately, some setup crews have 
installed these devices in tank wells 
without oil in the wells. Consequently 
temperature indications and control 
have not been reliable and accurate.

To help avoid this problem, Heatec is 
now installing a decal (Fig. 8) on asphalt 
tanks next to the wells. It should alert 
setup crews that oil needs to be added to 
the wells when the devices are installed. 
It also provides a reminder about how to 
check the oil later. 

If you would like to get one of these 
decals free for each of your Heatec tanks, 
please call Heatec and ask for the Parts 
Department.

CAUTION
Temperature devices installed in these wells will not 
work properly unless the wells contain oil. The type of 
oil and the amount of oil affects the accuracy of tem-
perature indications and control.

Add oil to these wells before installing the devices and 
before heating the tank. Make sure the wells are totally 
dry before adding oil.

Do not use motor oil or any oil other than thermal fluid 
or heat transfer oil. Allow space in the wells for inser-
tion of the device and for expansion of the oil.

To avoid overflow carefully measure the amount of 
unheated oil for each well. The correct amount of oil is 
as follows:

4 liquid ounces for a capillary bulb 
1-1/2 liquid ounces for a thermocouple 
3-1/2 liquid ounces for a thermometer

When adding oil make sure all bubbles have escaped 
before installing the device.

Only hand-tighten the devices so that heating the tank 
can drive out any excess oil or moisture. Retighten 
later to prevent loss of oil. Make sure the capilliary 
bulb extends to bottom of well.

Take precautions when checking oil while the tank is 
heated. It will be extremely hot and may be under 
pressure. It could spray out when removing the tem-
perature device. Wear heat resistant gloves to avoid 
burns. Make sure there is enough oil to fully submerge 
the device. 
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Figure 8. Heatec decal for asphalt tanks. It is located next to the wells 
where dial thermometers, capillary bulbs and thermocouples are 
installed.
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