
SURFACE SENSORS AND VARYING 
FLUID TEMPERATURES

If you have questions or 
comments, contact Professor 

Dan Loyd, LiU, dan.loyd@liu.se

QUESTION: The last issue of Pentronic 
News contained a question about 
measurement error when using a 
surface sensor. We have a similar case 
but our pipe has the inner diameter of 
250 mm, the pipe wall’s thickness is 5 
mm, the water flow is 700 m3/h and the 
water temperature is 80 °C. The pipe 
is insulated with 100 mm of mineral 
wool but I do not know if the pipe has 
any coating on the inside. When there 
are operational problems the water 
temperature falls quickly to 60 °C and 
is then fairly constant until our facility 
is running normally again. Is it possible 
to estimate the measurement error 
caused by the temperature change?     

    Sten J               
    
ANSWER: With a water temperature of 
80 °C and no coating inside the pipe 
the measurement error is very small. 
If we do the same type of calculations 
as in Pentronic News 2018 #1 and as
sume that the pipe’s ambient tempera
ture is 15 °C, the measurement error is 
approximately 0.01 °C. The reason why 
the measurement error is negligible 
is that the heat flow to the surround

wall (heat conduction) and the resist
ance on the outside of the insulation 
(convective heat transfer and radiation).
If we assume that the pipe interior has 
a coating of 2 mm with a heat conduc
tivity of 0.3 W/(m K), the coating’s heat 
resistance must be included in the cal
culation. The measurement error is still 
small, about 0.2 °C. In both cases the 
surface sensor is therefore basically 
measuring the water temperature.
In the case where the water tempera
ture inside the pipe changes incremen
tally from 80 °C to 60 °C, we can make 
a rough estimate of the measurement 
installation’s response time. For an 
incremental change of 20 °C, a calcula
tion of the reponse time τ0.5 means that 
the sensor measures the temperature 
change 0.5x20 = 10 °C after nearly 
2 seconds with a clean pipe. With a 
coating of 2 mm, the response time is 
significantly longer – nearly 2 minutes 
– because the coating significantly re
duces the heat flow between the pipe 
and the water. After the transient time, 
the measurement error is once again 
small. Whether the response times are 
acceptable or not must be judged from 
case to case. 

It is important when attaching all 
surface sensors to create a good close 
contact with the pipe – using heat sink 
compound is recommended. It is also 
necessary to regularly inspect the in
stallation because a loose contact and 
an oxide layer between the sensor and 
the pipe are disastrous for the meas
urement result. 

ings is small and the heat resistance 
between the water and the pipe 
exterior is very small. With regard to 
the heat resistance between the water 
and the surroundings, the resistance 
in the insulation (depending on the 
heat conduction) dominates over the 
other heat resistances – the resistance 
on the pipe interior (convective heat 
transfer), the resistance inside the pipe 

QUESTION ANSWER
Questions should be of general interest 
and be about temperature measurement 
techniques and/or heat transfer.


