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The components for temperature measur-
ing points can nowadays be ordered quickly 
and conveniently with just a few mouse 
clicks. Working out their requirements in 
detail takes much longer. You have to find 
answers to question upon question. 

• Would a mechanical temperature measur-
ing instrument do the job better than an 
electrical one? 

• What is the leading length in the measur-
ing assembly, the insertion length of the 
thermowell in the process or the standard-
ised sensor length of the thermometer? 

• Are the dimensions of the pipe and the 
nozzle even compatible with these stan-
dard lengths?

• Is a wake frequency calculation stipulated 
for the thermowell and if so, what in-
fluence does it have on the design of the 
measuring point?

And on top of all this, there is a widespread 
conflict of interests: the person responsible 
for the instrumentation wants the ther-
mometer to be immersed as deep as poss-
ible in the process in order to obtain mean-
ingful results. At the same time, the plant 
safety officer insists that the smaller the in-
sertion depth, the less likelihood there is of 
thermowell failure. 
Designing temperature measuring points 
with a thermowell clearly involves a com-
plex jungle of decisions. The following ob-
servations, based on five central aspects, can 
provide general guidance.

Positioning of the measuring point
The question of where the measuring point 
should be installed is easily answered: 
wherever there is no danger to, or due to, 
the thermometer and the process is not 

disrupted by the measurement. This un-
doubtedly applies to the straight section of 
a pipe, a sufficient distance from any el-
bows, valves or other measuring instru-
ments. A distance of about eight or ten 
times the pipe’s inner diameter should 
normally be adhered to after an elbow, for 
example. 
Many users position the measuring point 
directly in an elbow. However, this then 
leads to the next question, namely whether 
the thermowell should be installed facing 
upstream or downstream – and this time 
the answer is rather less straightforward. It 
all depends on which part of the world you 
happen to live in. Whereas the German VDI 
3511–5 directive recommends installing it 
facing upstream, the Russian Gost 8.586.5 
describes installation facing downstream. 
The American ASME PTC 19.3 TW-2016 

Designing temperature measuring points with a thermowell

 Jungle of decisions
Accurate process temperature measurements are vital in order for a plant 
to operate efficiently. At first sight, designing the measuring point for this 
purpose appears to be relatively straightforward: you select a thermom-
eter, determine the necessary thermowell type, check for compliance with 
prescribed standards and finally install the measuring point – that’s all! It 
may be easy in theory, but as so often, the devil is in the details.

Typical temperature measuring point with 
thermowell
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standard, on the other hand, mentions both 
options without expressing a preference for 
either.
There are many processes where the tem-
perature has to be monitored redundantly, 
in other words using several thermometers, 
for safety reasons. To avoid mutual interfer-
ence, the measuring points must comply 
with certain minimum distances. These are 
specified in detail in VDI 3511–5. For 
example, the distance between two measur-
ing points with a fabricated thermowell 
(protection tube) 11 mm in diameter 
(Form F2 as per DIN 43772) in a pipe with 
an inner diameter of 150 mm is assumed by 
the standard to be 3 m. Only then is an un-
disturbed flow assured. A radially offset ar-
rangement is advised if the space available 
for measuring points is limited.

Positioning of the sensor
The sensor of the measuring instrument 
should always be positioned in the middle, 
or in the middle third, of the pipe. Many 
standards additionally specify minimum in-
sertion lengths. API RP 551-2016, for in-
stance, lays down 50 mm as a basic mini-
mum, or 75 mm for resistance and bimetal 
thermometers.
The table lists the possible insertion lengths 
of flange-type thermowells for various typi-
cal nozzle and pipe sizes according to ASME 
B36.10/B36.19 (pressure ratings standard, 
thermowell tip in the centre of the pipe).
The values in parentheses are the standard 
insertion lengths in Imperial units given in 
ASME B40.9. They are also used in the inter-
national ICE 61520 standard. 
The minimum insertion length of a ther-
mometer simultaneously depends on 
whether an electrical or mechanical instru-
ment is chosen. Between six and ten times 
the diameter of the measuring insert “d” is 
recommended as the minimum immersion 
depth into the process for electrical instru-
ments – resistance thermometers or 
thermocouples – in order to reduce the 
measurement error due to heat dissipation 
to a minimum. Unfortunately, with mech-
anical thermometers it’s not that simple. The 
length of the bimetal or gas pressure sensor 
is influenced by a number of factors. It can 
be anything from 30 to 200 mm and should 
be completely in the flow in the pipe. 
Apart from the most suitable measurement 
method, you also need to pay attention to 
certain details of the thermowell design. An 
insertion length of 75 mm is sufficient for 
an electrical thermometer in a screw-in 
thermowell, for instance. On the other 
hand, this length will be too short for a 

solid-machined thermowell with a flange 
and significant measurement errors must  
be reckoned with. 

Thermowell calculation
Operators are increasingly safety-conscious, 
and thermowell calculations are therefore 
demanded for numerous applications to 
prevent flow velocity-induced failures. The 
test is generally performed in accordance 
with the American ASME PTC 19.3 TW-2016 
standard. The predetermined thermowell di-
mensions are offset against the maximum 
process parameters, usually the given design 
values. If the thermowell passes this test, 
this completes the design of the measuring 
point on the process side. If not, then the 
user is faced with a dilemma – to which 
there is no truly satisfactory solution.

Modified thermowell dimensions
The simplest way to repeat the thermowell 
calculation and obtain a positive result is to 
reduce the insertion length. It goes without 
saying that the sensor must still be in the 
flow of the medium to be measured. If the 
thermowell is so short that it disappears in-
side the flange nozzle, measurement errors 
will be the inevitable outcome. Where re-
ducing the length is not an option, the 
thermowell can be strengthened by enlarg-
ing it at the root and the tip. However, if the 
thermowell is modified in this way, the 
thermometer will take significantly longer 
to respond. In the worst case, the thermo-
well will be so big and bulky that it no 
longer fits in the flange nozzle or in the 
threaded/weld-in sockets.

Alternative solutions
If a solution cannot be found to the problem 
described above despite intensive efforts, 
you will be obliged to consider alternatives 
which, however, are frequently outside the 
scope of ASME PTC 19.3 TW-2016. One 
such solution might be to use a thermowell 
with a ScrutonWell design. The helical stem 
reduces the excitation causing vibration by 
more than 90 %. ScrutonWell thermowells 

are therefore suitable wherever conventional 
designs fail the wake frequency calculation.
Another possibility is to switch from invas-
ive to non-invasive measurements and use a 
surface resistance thermometer (mounted 
with a pipe clamp). If this measurement 
method is not feasible either, you will prob-
ably have to reduce the high flow velocity 
by installing a so-called pipe expansion. 
This design solution is likewise recom-
mended in many plants where the pipes 
have small nominal diameters. Alternatively, 
the thermowell can be installed at an angle 
in order to increase the available insertion 
length and optimise the flow. These two ap-
proaches can also be combined. 
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Insertion length of flange-type thermowells
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