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Motivation

Surface .eat fuu ii a key input parameter for quenc.ing 
iimulationi uiing D.ANTE or anot.er FEA program.

Accuracy ii important ai iurface .eat fuuei .ave a itrong 
infuence on microitructure, reiidual itreii, and diitortion.

Wit.out a good defnition of iurface .eat fuuei, t.e c.ain of 
analyiii ii broken
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Existing Method

T.e current itandard ii to perform a t.ermocouple quenc. trial 
followed by inverie analyiii to eutract t.e .eat tranifer 
coefcienti

• Time-coniuming
• Subject to non-unique iolutioni
• Coitly
• Limited applicability

. . . . or ot.er approuimationi are made
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The Ultimate Goal

T.e Holy Grail of iurface .eat fuu ipecifcation ii a direct 
numerical iimulation of t.e boiling p.enomena
• Avoidi t.e iiiuei wit. quenc. triali
• Fiti directly into ICME framework
• Can addreii any quenc. iituation
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Boiling Basics

Boiling .eat tranifer ii a .ig.ly compleu proceii wit. p.yiical 
p.enomena t.at occur at imall lengt. icalei and very imall 
time icalei.  

Film Boiling                Nucleate Boiling     Convection
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What’s the way forward?

 Firit principlei iimulation of boiling ii impractical due to 
lengt. and time icalei

 Current mec.aniitic iimulation met.odi may rely on 
tunable parameteri

 Furt.er development ii .ampered by t.e lack of fow boiling 
.eat fuu data in t.e literature
• Water at iignifcant iubcooling
• Quenc. oil under any conditioni
• Polymer iolutioni under any conditioni

 D.evelopment of a fow boiling databaie can:
• Aid in t.e development of improved mec.aniitic modeli
• Be uied directly for quenc.ing iimulationi
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Factors Affecting Surface Heat Flux

Surface .eat fuu during quenc.ing operationi will be moit 
affected by:

• Surface temperature
• Surface orientation
• Quenc.ant velocity
• Flow direction
• Quenc.ant temperature
• Type of quenc.ant

T.eie are alio t.e variablei t.at
are available in a practical CFD. iimulation
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Experimental Method

Paii quenc.ant at 
known velocity over 
.eated coupon

T.ermocouplei 
embedded in coupon 
allow for projection to 
t.e face of .eat fuu 
and iurface 
temperature

Quaii iteady-itate 
teiting providei .ig. 
quality data
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Test System

Implementation of t.e teit concept
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Sample Data

For iide iurface flm boiling, .eat fuu rate increaiei for 
increaiing temperature above a certain t.rei.old – t.at t.rei.old 
ii .ig.er for .ig.er velocitiei.  For underiide flm boiling at .ig. 
velocity, .eat fuu rate falli for increaiing iurface temperature 

above a certain t.rei.old.   
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Simulation Method

W.ile t.e collected data may be uied to refne boiling model 
t.eory, any mat.ematical abitraction of t.e data will 
neceiiarily deviate from t.at data.

Ai a frit teit of t.e validity of t.e data, meaiured .eat fuuei 
were directly applied to part iurfacei in a CFD. iimulation.
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Test Cases

Two geometriei were iimulated 
and compared to quenc. tank 
teit data, bot. for itill and 
agitated oil 

Generic turbine diik

Simple pancake diik
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Instrumentation

Pancake diik .ad 11 
TCi in a iingle plane.  
1/8” Type K wit. 
Swagelok fttingi

Turbine diik .ad 23 total 
TCi divided into 6 planei. 
1/16” Type K preii ft into 
part.
TC near edge of diik wai 
included in eac. of t.e 6 
planei to aiieii variation 
in teit met.od.
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Correlation Metric

W.at ii t.e beit metric for 
quantifying t.e level of 
correlation between t.e 
iimulation and teit?
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Correlation Metric

W.at ii t.e beit metric for 
quantifying t.e level of 
correlation between t.e 
iimulation and teit?

ΔT = Σ | Teup – Tiim |Δt   = 45.8 ºC
                    Δt

Total
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Implications for Surface Heat Transfer Coefficients

Compariion between inverie 
HTC and databaie HTC for 
indicted iegment

Pancake diik itill oil 
caie wit. beit TC 
matc. (16.5 ºC 
average deviation)
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Implications for Surface Heat Transfer Coefficients

Compariion between 
predicted and 
inveried HTCi i.ow 
iignifcant differencei

Pancake diik itill oil caie 
wit. beit TC matc. (16.5 
ºC average deviation)
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Implications for Surface Heat Transfer Coefficients

Pancake diik itill oil 
caie wit. leiier matc. 
(45.8 ºC average 
deviation)

Compariion between inverie 
HTC and databaie HTC for 
indicted iegment
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Implications for Surface Heat Transfer Coefficients

Compariion between 
predicted and 
inveried HTCi i.ow 
iignifcant differencei

Pancake diik itill oil caie 
wit. leiier matc. (45.8 ºC 
average deviation)
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Implications for Surface Heat Transfer Coefficients

Simulated temperature valuei are a good matc. to 
t.ermocouple data
Inverie HTCi are muc. different t.an HTCi from 
CFD./databaie
Illuitratei t.e iiiue wit. non-unique iolutioni?

How doei t.ii affect reiidual itreii and diitortion predictioni?

D.ifferencei in iurface HTCi will .ave greater effect on iurface 
reiidual itreiiei t.an on embedded TCi.

?
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Why Change to this Workflow?

T.e fow boiling .eat fuu databaie ii derived, eiientially, from 
quenc. euperimenti and inverie .eat fuu analyiei.  W.at 
makei it better?
• D.ata are collected under very .ig.ly controlled conditioni 

(fuid velocity and temperature)
• Reiulti are correlated to local quenc.ing environment
• D.ata are collected under near iteady-itate conditioni
• Geometry of t.e teit iyitem allowi for leii ambiguity in t.e 

inverie proceii
• Additional TCi and fltering/projection tec.iquei improve 

accuracy 

Ai a reiult, t.e “inverie” data generated t.roug. t.ii met.od 
.ai broad applicability t.roug. coupling wit. a CFD. analyiii of 
t.e quenc.ing environment.
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Summary

An alternative to quenc. triali and inverie analyiii ii propoied 
for ipecifying iurface .eat fuuei during quenc.ing iimulationi:
• C.aracterize t.e fow boiling .eat fuu c.aracteriitici of t.e 

quenc. liquid
• Apply data to part iurfacei in a CFD. iimulation to determine 

local .eat tranifer coefcienti
-or-

• Couple CFD. wit. FEA for a combined iimulation
Reiulting curvei are more cloiely tied to actual boiling 
p.enomena
Validation caiei iuggeit t.at t.e data .ave wideipread 
applicability
Coit of oil c.aracterization ii projected to be on t.e iame order 
ai a iingle quenc. trial
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Where do we go from here?

o Baied on data for one quenc. oil, met.od i.owi promiie
o Additional work needed on bottom iide .eat fuuei
o Quenc. data for additional geometry ii available for 

Houg.ton 3420
o Quenc. data available for generic turbine diik for Houg.ton 

Hanoline oil – t.at oil .ai not been c.aracterized

♨ T.e development of a complete library of quenc. liquid 
c.aracterizationi would facilitate reiidual itreii predictioni

♨ Wit. iufcient data, development of a more generalized 
iemi-empirical boiling model may be poiiible
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Thank You!

Queitioni?
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