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dynamic magnification factor vs frequency ratio
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! 1= 0.4 (liquid/dense media, industry-reported) ! r = 0.8 (gfs/steam, industry-reported)

1 =200 mm, r=0.81
MF=2.91
(near resonance)

r=fs/flf
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REQUIRES SOURCE VERIFICATION — ratios reported by independent vendor engineering notes, not confirmed against the primary standard text
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vortex shedding behind a bluff cylinder (plan view)

— alternating vortices shed atf_s = St- U/D
lift force oscillates = f_s ; drag force oscillates = 2f_s

worked example: St = 0.2 (subcritical, general fluid-mechanics value) — SEE limits-of-applicability note on Re range
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A

thermowell stem as a cantilever beam (in-situ idealisation)

process connection (fixed)

displaced fluid adds
"added mass" per

unit length —
unsupported 1st mode negligible for gas/
length L shape steam, significant

for liquid service

f_n=(C_n/2m) - v(El/(m-L?*) ) — simplified UNIFORM cross-section illustration

actual taper/step geometry, support compliance and added mass use the standard's own formulation — not reproduced here
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(4) r=f/f
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A

dynamic magnification factor vs frequency ratio

MF at resonance (r=1)
s A . . MF - 1/2C = 250
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: r = 0.4 (liquid/dense media, industry-reported) : r = 0.8 (ghs/steam, industry-reported)!
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REQUIRES SOURCE VERIFICATION — ratios reported by independent vendor engineering notes, not confirmed against the primary standard text
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dual-criteria verification logic (frequency AND stress)

compute f_s, f_n checkr =f_s/f_n PASS -
Re, St, cantilever model vs frequency-ratio limit continue to stress / fatigue check
compute o_static + check bined PASS on BOTH -
o_dynamic - MF stress vs allowable configuration accepted
FAIL either criterion —» escalate: full ASME PTC 19.3 TW analysis
revisit L, D, material, mounting location —> using the standard's own Cn / St-Re /
— re-iterate stress formulation

stress alone can look acceptable while the frequency criterion already fails —
the two checks are independent, not redundant
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® Ototal = O + O - MF

total static,drag
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r=318.2/1571 = 0.20 - MF = 1.04 ( = 0.002)
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sensitivity of frequency ratio to insertion length L

0.0 T

»
!
100 130 150 160 180 200

L (mm)
same candidate geometry (D=22 mm, straight) — only insertion length changes; the L2 stock-length choice of 100 mm passes with comfortable margin

VS 3500 duwsse gl 8y yg)5 Job a (uilSH8 s Cuuwlbus — & JSub

combined bending stress vs allowable stress (two candidate lengths)

- static drag
I dynamic lift x MF

allowable S_m = 115 MPa

(316L @ process T, ASSUMPTION)
— far above this chart's scale
safety factor: 69x / 14x

8.45 MPa

1.67 MPa

L = 100 mm (base case) L = 200 mm (marginal on frequency)

at L = 200 mm the stress safety factor is still comfortable — the frequency-ratio criterion is what fails first
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case study: escalation path from the Level 2 steam-line example

Level 2 — Example 2 > Level 3 — this document r=0.20
DN80steam, Class 300 — flanged, 316L, dimensions dferred candidate: straight, D=22 mm, L=100 mm PASS
what-if: line grows, r=0.81
L must reach 200 mm EXCEEDS LIMIT

the L2 guide could not answer this question by itself — exactly why the Wake Frequency check is reserved for Level 3
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