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AIS 2015 - Sizing Thermowell

SUMMARY

= Why is stress thermowell calculation necessary?
= Loading system description
= Basic frequency calculation theory:
= Natural frequency
= Wake frequency: dynamic loading system
= Methods for thermowell sizing
= ASMEPTC19.3 - 2010
= Used Standards - ASME vs DIN

= Example: minimum needed data

Slide 2 17/09/15 Michele Pietroni Endress+Hauser (2]




AIS 2015 - Sizing Thermowell

Why is a Thermowell Calculation necessary?

Thermowells are exposed to various stresses: mechanical, fluid
dynamical, chemical, thermal.
Effects from these stresses can be:

= Thermowell leakage due to microcracks without collapse

= Thermowell collapse

= Delayed failure through material fatigue, caused by
crack growth rate

If the thermowell is damaged the process medium can leak under
high pressure and high temperatures leading to risky conditions
for persons and environment.

A thermowell calculation according to standards enables a safe
dimensioning and is often the basis for the system acceptance by
approval Parties (e.g. Notified Bodies).

The calculation includes the most important and clearly calculable
strains and thus leads to higher plant safety.
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Loading System description

Fluid dynamic loads Static loads Process fluids

Stressed
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Schematic example of fluid Fluid effects: chemical
s . Pressure .
dynamic loading forces: composition,
both the drag and lift forces concentration, viscosity,
are considered phases
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Thermowell’s natural frequencies

A thermowell is a system with its own mass and stiffness: it can
vibrate under dynamic loads

Like every system equipped with mass and stiffness, a thermowell
has its own natural frequencies

Natural frequency: frequency at which a body naturally vibrates once
it has been set up into motion.
= Vibration = oscillation around body’s static equilibrium position

A real body has infinite natural frequencies.
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Thermowell’s natural frequencies

& | £=3706.7 Hz

£=5495.0 Hz
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Wake frequencies: dynamic loads
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Resonance problem description

= [f a solid body is subjected to a force/load with a frequency not equal
to a natural frequency, it starts to vibrate at load frequency, and the
amplitude of the vibration is “contained”

= [f the load/force frequency is near/equal to a natural frequency of the
body, the vibration amplitude can be:
= Very high (when damping is considered)
= Time-dependent (when damping is neglected): the amplitude increases as
time passes - Resonance Phenomena

= PTC 19.3 does not consider the damping contribute
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Method for thermowell sizing

Optimization of thermowell design to
withstand combination of static and
dynamic loads

Mechanical strength
Stress analysis calculation must be factors and thermal
performed according to specific methods performance factors

are optimized

Limits on pressure and velocities acting
on the thermowell in order to avoid
catastrophic failure

ASME PTC 19.3 - 2010
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ASME PTC 19.3 TW 2010

= Establishes a mechanical design standard for Object and Scope

reliable service of tapered, straight and
step-shank thermowells

|
A — — ] 8
1
= Support collars or other means of support s e
are outside the scope of this standard: (s Schomati, Cross-Sectional Views of a Thermonel
= E+H doesn’t provide any calculation or
certification that implies verification of
support collars;
= E+H will provide only suggestions or
other mechanical analysis based on
alternative simulation methods like
FEM to the customer for possible use of
support collars.

= Applies to thermowell machined from bar
stock. Thermowells manufactured from pipe
are outside the scope of this standard
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ASME PTC 19.3 TW 2010 - analysis results

= The thermowell sizing is given satisfactory by comparing the vortex
shedding frequency (f;) to the natural frequency (f,) .

= Two cases are considered based upon process medium characteristics
and conditions:
= Low density gases:
= f /f,<0,8

= General case (high viscosity gases and fluids):
= (Critical condition (steady state drag stress + axial pressure
stress > reference allowable working stress) => f_ /f, < 0,4
= normal case: f, /f < 0,8
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ASME PTC 19.3 TW 2010

ASME PTC 19.3 1974 ASME PTC 19.3 TW 2010

Improvements

= Larger variety of process connections: @IIHIM:

= Threaded
= Welded (Socket Weld’ Weld 1n) (3] Straight-Shank Threaded Tharmowell

L Flang ed ] Slmigh;hanh Flangad Thormowell

~
y )

%
(b} Stralght-Shank Socket Weld Thermowael|

(d) Straight-Shank Lap-Joint (Van Stone) Thermowell
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ASME PTC 19.3 TW 2010

ASME PTC 19.3 1974 ASME PTC 19.3 TW 2010

Improvements | straight
| —)

= Larger variety of process connections:

= Threaded ] E'—
= Welded (Socket Weld, Weld in) ﬁ: f— wa —

= Flanged e
= Larger range of dimensions and shapes _%___
= T
E’_:': _ SRR @
T tapered
A
I s -
T, stepped
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ASME PTC 19.3 - 2010
ASME PTC 19.3 1974 ASME PTC 19.3 TW 2010
Improvements L
I
= Larger variety of process connections: N , y
= Threaded i > b\ - T
= Welded (Socket Weld, Weld in) a — — g 5
= Flanged [ |
N r
= Larger range of dimensions and shapes /\s‘,,pm,m T
(b} Schematic, Cross-Sectional View of a Step-Shank Thermowell
= Step shanks are evaluated separately
= Value of natural frequency is more accurate BUT
=) more optimized design (e.g. less still
thermal inertia) only bar stock no
pipes allowed
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Used Standards - ASME vs DIN

- Standards - ASME PTC 19.3 TW 2010

I,

. t..u.i ;

= DIN gives a variety of TW
geometries (diameters and

lengths)

Variance

Table 4-1-1 Dimensional Limits for Straight and Tapered Thermowells Within the Scope of This Standard

Description Symbol Winimum Maximum
Unsupported length | .35 cm (2.5 in) [Note (1)] 60.96 cm (24 1n.) [Note 21] |
Bore diameter d 03175 cm (0125 In) 2.0955 om (0.825 in)

Tip diameter [ 0.52em 036in) 465 0m (1831n)

Taper ratio B 0.58 1

Bore ratio a8 0.16 071

Aspect ratlo s 2 -

Minimum weall @-din 030em (11210 -
thickness

‘GENERAL NOTE: Limits in this table apply to the nominal dimensions of the thermowell.
NOTES:

1) T 1ls of length less than the mir specified ign methods outside the scope of this Standard.
(2) The equations In this Standard are valld far thermowells langer than the [ anly single-pi X
shanks are covered by this Standard

= ASME is applicable in a certain range of parameters
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Used Standards - ASME vs DIN

- Standards - ASME PTC 19.3 TW 2010

1 I::)q |

o

Variance

&1

wide range of

4~ Segments
possible <:| 2

\ max 2 segments

wide range of

Larger scope of TW
TW types

types with respect
to PTC 19.3 2010

Slide 16 17/09/15

Michele Pietroni Endress+Hauser (21

10/1/2015



AIS 2015 - Sizing Thermowell

Example

Thermowell confiquration

L

Process data

[ e s ][Medium design}

Immersion length

De conditions Flow
opt tion l
Calculation Result
|
Satisfactory or Max allowed !.
not flow velocity Pressure
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Tool per il dimensionamento del pozzetto termometrico

= Solo per prodotti Endress + Hauser standard

(€)» Applicator » Dimensionamento (Sizing) » Thermoueell

1 Selezione ’ (3 Confgurazione | [ Scegli o strumento Applicator 2
Di i pozzetto i

Dimensionsments | Tabets | codice dordine | Catolstore 6 sonversione | unts prectarminate

Parametro generale:
1 Prodotto TAH4 ¥ |iICollegamento processo Filettatura

i Standard di calcolo DIN 43772

(5 Mteriale SsateTL 1.e671 ¥ (i) Prodotio dimisurereFuido  EZF Acaus potabie v
(1) Collegamento Standard / Dimensione ~ Filetto_G1/2° A DIN43772 v unita
(3 Gollegamento di materiale diproce..  SS316T, 1.4571 v (i) Temperatura di processo K v
(i) Lunghezza diinserzione nominale S0 mm. v (ilPressione bar_a ¥
(1) Diametro Estemo Nominale: Tubo 4,5mm v (D) Densi g3 =
() Profio det punta Dirto S ¥ (@ Viscosita e v
[rate | oot | o2 | 0w | (ae | 00 | wmm |0 Vebstadifusso i e =
| T I | % Jm_ ] e ol v i s
(1) Spessore delfondo 3 Jom v
(Otungczanonboein [0 |G

(i Forza del materisle vaida

- .
- (T)stress cacobto [P

(i Fattore di Stress di Sicurezza
(1) Pozzetto termometrico a frequenza ... 1 063.35 He M
(1) Pozzetto termometrico & Frequenza.. | 44.5 e B
(1) Massima velocita di fusso valida 183 [mis.

v s ‘
T Confiauratore 17 Stamoare Dimensionamento I > Seezone

https://portal.endress.com/webapp/applicator10/callapplicator.do?country=it&language=it
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Tool per il dimensionamento del termometro

= Solo per prodotti Endress + Hauser standard

(€) » Applicator » Dimensionamento (Sizing) » Thermowell
1

Setezione 3 Coiguarion Scegilo strumento Applcator v

Dimensi pozzetto i
Oimensionamerto | Tabet | Cosioe @orine | Calotatore i conversions | ni redeterminae
Parametro generale
1 Prodotto MLTTSO1 v Flangisto,saléatura stancerd v
Pozzeto termometico TWfor MLTTSO1 v |1 Standsra dicaeolo o 43772 v
SS3ETI, 14571 v (i) Prodotto di misurare/Fluide AZIT Acqua potabie ¥
olegamento Standard  Dimensions | DN25 P40 B1 EN1022-1 v nominale unta
llegamento di materiale di proce. SS316Ti, 1.4571 v (i) Temperatura di processo 20 “ v
nohezza diinserzione nominale 235 mm v () Pressione v
iametro Esterno Nominale 16 mm. * Densita v
rofilo della punta. Ridotto L>=65 mm M i Viscosita. ¥
1 Diametro interno nominale 10mm V! Velocita difusso s
(i Tabells dD1 (b2 (Ddi (a2 L unita
Ciindrica 16 16 10 1825 mm v
Clinerca |16 0 7 25 [lmm
Ciinarca |12 B - S Jmm
(T) Spessore delfondo B Jmm v

(1) Lunghezza non bagnata. ] [mm

(1) Forza del materile valida. [ Fa ¥,
(1) Sress caosto [1728 2354 E—
(DFattors iSwess ciSeurszza 8556

T Pozzeto ermometrio a equenza . 27178 e -
(1) Pozsto termometrico s Frequenza.. 1622 He
(1) Massima velocita difussovalida | 13.18 [mis
L Invis rchiesta di sssistenzs

Conraumoe T Smpar T e

https:// portal.endress.com/weﬁapp/ applicator10/callapplicator.do?country=it&language=it
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Any questions?
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Thank you very much for your attention
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