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Taking the mystery out of thermowell selection

It stands between your process and the sensor element, so understanding
thermowell characteristics is key to reliable measurements. Second in the
temperature series.
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Since It stands between the process and your temperature sensor, a thermowell |s critical to accurate, rellable, and
safe temperature measurement in most industrial processes. However, selecting the right thermowell can be botha
mystery and a challenge. Once you understand the selection criteria, the mystery can be solved, resulting in the
pest performance of your temperature measurement system. It aleo ensures a long service life, ease of
maintenance, and process integrity.



Why you need a thermowell

Temperature senzors are rarely inserted directly into an industrial process. They are Installed ina thermowell to
igalate them from the potentially damaging process conditions of flow-induced stresses, high pressures, and
corroslve chemical effects. Thermowells are closed-end metal tubes that are Installed into the process veszel or
piping and become a presaure-tight integral part of the structure. They permit the sensor to be remaved from the
process gulckly and easily for calibration or replacement without reguiring a process shutdown and possible
drainage of the plpe ar vessel.

However, the benefits can only be experlenced If the right thermowell is selected and Installed. Thermowells are
often not specified correctly. leading to gross mechanical fallures. They can fall due to weld cracking from fatigue,
excessive bending stress, excesslve pressure, corrosion, or eroslon. Foor thermowell selection and placement can
alao result inless ecourate temperature measurements.

Steps for selectlon

Proper thermowell selection Includes several varlables that musat be specified appropriately depending on the
application for an optimal temperature measurement. A varlety of performance criterla and process conditions must
be consldered when selecting the beat deslgn for an application.

1. Connectlon tupe—Thermowells are classlfled sccording to thelr connectlion to the process. The most common
types are threaded, socket weld, and flanged. Each of these has a stem or shank that extends Iinto the process that
may be stralght with constant diameter, tapered all the way from entry polnt to the tip, partislly tapered, or
stepped (see Figure TL

=  Threaded thermowells are threaded into process piping or tank, which allows for easy Installation and removal
when necessary. While this iz the most common method, it has the lowest pressure rating of the three optliona.
Threaded connections are aleo prone to leakage and therefore are not recommended for applications with toxic,
explosive, or corrosive materials.

= Welded thermowellz are permanently welded to process pipes or tanks. Consequently, remaoval is difficult and
reguires cutting the thermowell out of the aystem. Welding has the highest presaure rating and is generally used
In applications with high velacity flow, high temperature. or extreme high pressure. They are necessarny where a
leak-proof seal la reqguired.

= Flanged thermowells are bolted to a mating flange that ls welded onto process plpe or tank. They provide high
pressure ratings, easy installation, and seimgle replacement. Flanged thermawells are used im applications with
caorrosive environments, high-velocity. high temperature, or high pressure.

=  Vanatone [ lap joint thermowells are mounted between the mating flange and the lap joint flange. These
thermowells allow for use of different materlals for the thermowell coming In contact with the process and the
overlaying flange, which can save material and manufacturing costse. They are a good choloe for corrosive
applications, and since there are no welds in this deslgn, weld-jolnt corroslon s eliminated.

2. 8tyle cholces—A second conslderation Is the thermowell style. Key factors to look at are your pressure and flow
rate reguirements. Thermowells are most often machined from barstock in a varlety of materials and may be coated
with other materials for eroslon or corroslon protection. Another style s & tubular design aleo known as & protection
fube.

Each style has pros and cons. Barstock thermowells can withstand higher pressures and faster flow rates than
protection tubes can. They have more material options and can be mounted In varlous ways to meet different
process pressure requirements. In contrast, tubular thermowells have & much lower pressure rating and a limited
cholce of materlals. For temperatures up to about 1,200 *C, they are often made from exotic alloys like Inconel. For
higher temperatures up to 1.800 °C, the protection tubes are ceramic.

3. Material of congtruction—The materlal of construction iz an important consideration in choosing & thermaowell far
any glven application. Use of the wrong material often leads to premature failure.

Althouwgh there are many cholces of thermowell materials, the most commonly used are 316 stainless steel, 304
steinless steel, Monel, Inconel, and Hastelloy. There are also some exotic alloys for very demanding applications.



Three primary factors affect material choica:

=  Chemical compatibility with the process media to which the thermowell will be exposed
= Temperature limits, and

=  Compatibility with the process plping materlal to ensure solid, noncorroding welds and junctions.

Aword of caution Iz appropriate here to remind users that it Is important that the thermowell conform to the deskgn
apece of the pipe or vessel into which It will be inserted to ensure structural and meterial compatibility.

Choosing a thermowell stem profile

The stem or shank I the part of a thermowell that i ingerted Into the process piping. Common stem profiles are
atraight. stepped, and tapered [zee Figure 2).

Factors to consider when selecting a stem style Include:

s Process precsure
=  Required speed of response of the measurement
= Drag force of the fluld flow on the well, and

= Vortex shedding induced vibration effects.

Straight profile thermowells have the same diameter along the entire immersion length. They present the largest
profile to the process medium and therefore have the highest drag force as compared to other well styles with the
zame root diameter. The large tip diameter also adds more mase to heat, which slows the thermal responae of the
measurement assembly. However, this profile has the best mechanical strength properties.

Stepped profile thermowells have two stralght sections with the emaller diameter stralght section at the tip. For the
zame root diameter as a stralght profile thermowell, this deslgn has less profile exposure to the flowing process and
therefore exhibits less drag force and guicker reaponse time due to lower mass at the tip.

Tapered profile thermowells have an outside diameter that decreases uniformly from root to tip. For the same root
diameter, this profile represents & good compromise between stralght and stepped configurations. e drag will be
leas than & stralght tupe well but tuplcally greater than a stepped tupe. Also, the responae time will be faster than
& atraight type and slower than a stepped tupe. The two general forme of & taperad stem are uniform (tapered from
raot to tip] and non-uniform (gtreight portion followed by tapered portion). Because of its profile shape, it iz a good
compromize for strength between the two other styles. It Ia the common cholce for high-velocity flow applications
where the flow forces typlcally are too great to use a stepped well and the tapered deslgn has faster response
than the stralght type, thus offering am optimal balance of strength and responsze factors.

Fallure conslderations

Thermowell fallures are often azsoclated with one or more of the following: high drag forces, excessive static
pressure, high temperature, corrosion, and fluid induced vibratlon.

Most thermowell fallures are caused by fluld Induced vibration. When fluid flows past & thermowell inserted into &
pipe or duct, high and low pressure vortices form at both sldes of the well. These vortices detach, first from one
gide and then from the other in an alternating pattern [see Figure 3).

This phenomenon s commanly known as vortex shedding. The differential presaure due to the alternating vortices
produces slternating forces on the thermowell resulting in stresaes that cause transverse and axial deflaction,
which can ultimately lead to fracture. The frequency of the osclllations is referred to as the wake freguency.
Thermowell manufacturers should provide thermowell calculations to predict the probabllity of a thermowell failing.
The best standard for thermowell calculations ls ASME FTC 18 3TW-20100

Response time conslderations

The epeed of reaponze of the eenzor iteelf |s virtually iImmediate when compared to the much slower responee of
the measurement sustem when using a thermowell. The mass of the thermowell far exceads that of the sensor and
will always be the dominant factor of measurement response.

There are many factors assoclated with choosing the proper eensor and thermowell components and their proper
inatallation In an effort to optimize the overall responsze time and accuracy of temperature measurements. Many
suggestions are provided In the heandbook mentioned in the online references. Emerson also offers a free online tool
for conducting preliminany thermowell calculations.



Choosing well ylelds the best results

Thiere are many conslderations involeed in selecting a proper thermowell for your temperature measurement
aystem. Like any effective instrumentation deployment, the systemn design englneer must gather all available
process Information and performance expectations at the outset of the project. For a seustem with optimal
performance and the lowest cost of ownership, the design englneer must wse this Information for selecting not
anly the proper thermowell but alzo the proper sensor and transmitter. The selection of each companent follows &
gimllar path of making educated chaolces.
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