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• E f f e c t  o f  S h o r t  T i m e  H e a t  T r e a t m e n t  o n  
T r a n s f o r m a t i o n  P h e n o m e n a

• D i l a t o m e t e r  D e s c r i p t i o n

• P r e v i o u s  d i l a t o m e t e r  c o o l i n g  s y s t e m  s i m u l a t i o n s

• D e v e l o p m e n t  o f  a l t e r n a t e  c o o l i n g  o p t i o n s

• I m p a c t  o f  m o d i f i e d  s y s t e m  o n  i n d u c t i o n  h e a t i n g

• F u l l  c o o l i n g  s i m u l a t i o n  a n d  c o m p a r i s o n s

• C o n c l u s i o n s

Overview
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S u p e r i o r  P e r f o r m a n c e  o f  C o m p o n e n t s  H a s  B e e n  A c h i e v e d  i n  M a n y  
C a s e s  U s i n g  N o n - E q u i l i b r i u m  T h e r m a l  P r o c e s s e s  ( N E T P ) ,  b u t  
T h e r e  I s  V e r y  L i t t l e  Q u a n t i t a t i v e  D a t a  A v a i l a b l e  o n  M a t e r i a l  
R e s p o n s e  t o  R a p i d  T h e r m a l  P r o c e s s i n g

Effect of Short Time Heat Treatment on Transformation 
Temperature

Hypoeutectoid steel Ck45 left, Hypoeutectoid steel 100Cr6 right
Source - ASM Handbook Volume 4C - Grum 

Hypoeutectoid
Creating Homogeneous 
Austenite in this range, create 
Flash Bainite® Structure, good 
elongation, reasonable hardness

Creating Non-Homogeneous 
Austenite in this range common 
in industry and is part of near 
surface structure of many 
induction heat treated 
components and creates good 
hardness

https://fluxtrol.com


A S M  I n t e r n a t i o n a l  H e a t  T r e a t  S o c i e t y  -  D i l a t o m e t r y  Q u e n c h  S y s t e m

Confidential and Proprietary Information of Fluxtrol Inc.

Recent Findings at ASPPRC of Improved 
Mechanical Properties with NETP

Up to 3X better properties demonstrated using appropriate alloying elements and 
relatively short, low temperature heat treatment

https://fluxtrol.com


A S M  I n t e r n a t i o n a l  H e a t  T r e a t  S o c i e t y  -  D i l a t o m e t r y  Q u e n c h  S y s t e m

Confidential and Proprietary Information of Fluxtrol Inc.

Corrosion Prevention for SMC’s

Effect of Reduced Pre-
Transformation Expansion 
with Increasing Cooling 
Rate called Temperature 
Gradient Effect and Led to 
Impression There Was 
Non-Uniform Temperature 
in the Sample

Cooling Rates:
He: 235 ˚C/s
N: 91 ˚C/s
Ar: 52 ˚C/s
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• M e a s u r e s  d i m e n s i o n a l  
m o v e m e n t  d u r i n g  t h e r m a l  
p r o c e s s i o n

• H e a t i n g  i s  i n  a  v a c u u m

• H e a t  s o u r c e  i s  i n d u c t i o n  
h e a t i n g

• A d v e r t i s e d  h e a t i n g  r a t e  u p  
t o  1 0 0 0  C / s

• G a s  q u e n c h i n g  t h r o u g h  
s e c o n d  c o i l  i n s i d e  
i n d u c t i o n  c o i l

• F u s e d  s i l i c a  t u b e s  h o l d  t h e  
c o m p o n e n t

• M a n u f a c t u r e r  TA  
I n s t r u m e n t s  

Dilatometer Description

https://fluxtrol.com


A S M  I n t e r n a t i o n a l  H e a t  T r e a t  S o c i e t y  -  D i l a t o m e t r y  Q u e n c h  S y s t e m

Confidential and Proprietary Information of Fluxtrol Inc.

• I n i t i a l l y ,  s a m p l e  
t e m p e r a t u r e  m o n i t o r e d  a t  
o n e  l o c a t i o n  a t  t h e  s a m p l e  
s u r f a c e  c e n t e r

• T C s  a d d e d  a t  b o t h  e n d s  
s h o w e d  s i g n i f i c a n t  
t e m p e r a t u r e  d i f f e r e n c e s  
d u r i n g  c o o l i n g  ( b u t  n o t  
h e a t i n g )

• C F D  a n a l y s i s  o f  e x i s t i n g  
h e l i c a l  c o i l  q u e n c h  
c o n f i r m e d  v a r i a t i o n  i n  
c o o l i n g

• G o a l  o f  c u r r e n t  s t u d y  i s  t o  
d e v e l o p  a n  i m p r o v e d  
c o o l i n g  m e t h o d  

Previous Testing/Analysis Results
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Sample Simulation Results – Existing Quench

• Significant temperature gradients exist, particularly near the start of quenching

• Negative gradient around 2.5 s is 
artifact of comparison locations
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Source of Non-Uniform Cooling

Heat flux distribution shows uneven pattern of cooling

Resulting surface temperature distribution at 2.5 seconds into quench reflects uneven 
heat flux
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• D e v e l o p  q u e n c h  s y s t e m  t h a t  p r o v i d e s  b e t t e r  
u n i f o r m i t y  ( a n d  h i g h e r  h e a t  f l u x e s )

• I n c o r p o r a t e  i n t o  m e c h a n i c a l  d e s i g n
• A s s e s s  i m p a c t  o n  i n d u c t i o n  h e a t i n g
• D e t e r m i n e  c o o l i n g  r a t e  o f  c o m p l e t e  s y s t e m
• I f  s u c c e s s f u l ,  i m p l e m e n t  i n  d i l a t o m e t e r  

System Improvement Plan
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Initial Development Concepts – Axially Aligned Slots

Swirl concept
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Different number of impinging slots

Initial Development Concepts – Axially Aligned Slots
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Initial Development Concepts – Ring Slots
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Initial Development Concepts – Array of Slot Nozzles
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S i n g l e  r o w  o f  n o z z l e s  s i m u l a t e d ,  w i t h  s y m m e t r y

N o z z l e  s i z e  k e p t  c o n s t a n t

S p a c i n g  b e t w e e n  n o z z l e s  v a r i e d

D e s i g n s  a s s e s s e d  b a s e d  o n  t o t a l  h e a t  f l u x  a n d  e f f i c i e n c y  o f  
c o o l i n g .

Optimization of Nozzle Parameters
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H e a t i n g  a n d  C o o l i n g  
s i m u l a t i o n s  s e p a r a t e d  d u e  t o  
d i f f e r e n c e s  i n  e n t h a l p y  o f  
p h a s e  t r a n s f o r m a t i o n s

2 D  P r o g r a m  F l u x  U s e d  f o r  
D e t e r m i n i n g  F u l l  
Te m p e r a t u r e  D i s t r i b u t i o n s

C o o l i n g  s i m u l a t e d  t h r o u g h  
3 D  C F D  s i m u l a t i o n

Modeling of Dilatometer Tests 
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G a s  s u p p l y  t u b e s  p l a c e d  
i n s i d e  i n d u c t i o n  c o i l

S e p a r a t e  c o o l i n g  n e e d e d  
f o r  g a s  t u b e s

1 / 4  m o d e l  u s e d  t o  t a k e  
a d v a n t a g e  o f  s y m m e t r y

M o d e l s  r u n  w i t h  a n d  
w i t h o u t  c o o l i n g  t u b e s

M o d e l s  r u n  a t  c o l d  a n d  
h o t  s t e e l  p r o p e r t i e s

Induction Modeling

https://fluxtrol.com


A S M  I n t e r n a t i o n a l  H e a t  T r e a t  S o c i e t y  -  D i l a t o m e t r y  Q u e n c h  S y s t e m

Confidential and Proprietary Information of Fluxtrol Inc.

R e s u l t s  s h o w n  i n  t o p  f o r  
c o l d  s t e e l  p r o p e r t i e s  a n d  
o n  b o t t o m  f o r  h o t  s t e e l  
p r o p e r t i e s .

A  –  W i t h  c o o l i n g  f i n g e r s

B  –  W i t h o u t  c o o l i n g  
f i n g e r s

C  –  2 D  r e s u l t s

P r e s e n c e  o f  t h e  f i n g e r s  
i s  s h o w n  t o  b e  m i n i m a l

Induction Results
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W h i l e  t h e r e  i s  a  l o s s  o f  
e f f i c i e n c y  d u e  t o  t h e  
p r e s e n c e  o f  t h e  c o o l i n g  
f i n g e r s ,  t h e  s a m e  c u r r e n t  
d e n s i t y  c a n  b e  a c h i e v e d

Induction Results

JR
M

S 
x1

08
 [A

/m
2]

0.0

100,000,000.0

200,000,000.0

300,000,000.0

400,000,000.0

Distance [mm]
0.0 1.3 2.5 3.8 5.0

3-D With Fingers [Cold Steel] 3-D With Fingers [Hot Steel]
3-D No Fingers [Cold Steel] 3-D No Fingers [Hot Steel]
2-D No Fingers [Cold Steel] 2-D No Fingers [Hot Steel]
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• F r o m  F l u x  m o d e l

• E f f e c t  o f  f u s e d  s i l i c a  
h o l d i n g  t u b e  c a n  b e  
s e e n

• M i n o r  r a d i a l  g r a d i e n t s ,  
e x c e p t  a t  e n d

• M o r e  s i g n i f i c a n t  a x i a l  
g r a d i e n t

• S a m e  t e m p e r a t u r e  
d i s t r i b u t i o n  a s  p r e v i o u s  
s t u d y

Initial Conditions for CFD Model
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H e l i c a l  c o i l  
a p p r o x i m a t e d  a s  a  s e t  
o f  r i n g s  ( s a m e  a s  
i n d u c t i o n  m o d e l )

F u l l y  s t r u c t u r e d  g r i d ,  
1 2 . 5  m i l l i o n  c e l l s

S t e a d y - s t a t e  f l o w  m o d e l

A N S Y S - F l u e n t  u s i n g  k -
𝜔  S S T  t u r b u l e n c e  m o d e l

1 0  h o u r  c o m p u t a t i o n a l  
t i m e  o n  3 . 0  G H z  
w o r k s t a t i o n  w i t h  3 2  
c o r e s

CFD Model Set-Up
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F l o w  i s  g e n e r a l l y  w e l l - b e h a v e d ,  b u t  s o m e  v a r i a t i o n s  i n  t h e  j e t s  
i m p i n g i n g  t h e  s a m p l e  c a n  b e  s e e n

CFD Results
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CFD Results

Existing 
quench

sample

W h i l e  p a t t e r n  o f  h e a t  f l u x  i s  
i m p r o v e d  i n  p r o p o s e d  s y s t e m ,  
t h e  r a n g e  o f  h e a t  f l u x e s  i s  v e r y  
s i m i l a r  t o  e x i s t i n g  q u e n c h

P a t t e r n  i s  s o m e w h a t  m o r e  
r e g u l a r

H e a t  f l u x  p a t t e r n  t h e n  
a p p l i e d  t o  t r a n s i e n t  m o d e l  
o f  s a m p l e  ( s o l i d s  o n l y )
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Material Thermal Properties

•C o m p o s i t e  m a t e r i a l  
p r o p e r t i e s  c o n s t r u c t e d  t o  
a c c o u n t  f o r  p h a s e  c h a n g e

•T r a n s i t i o n  p o i n t  a d j u s t e d  
t o  m a t c h  t h e r m a l  d a t a

•L a t e n t  h e a t  b a s e d  o n  D S C  
d a t a  f o r  a  d i f f e r e n t  s t e e l
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Sample Model

•N o  f l u i d  d o m a i n

•S a m p l e  a n d  f u s e d  q u a r t z  
r o d s  i n c l u d e d  i n  t h e  
s i m u l a t i o n

•C o n v e c t i v e  h e a t  t r a n s f e r  
c o e f f i c i e n t  a p p l i e d  t o  s a m p l e  
a n d  r o d  s u r f a c e s

•R a d i a t i o n  t o  s u r r o u n d i n g s  
i n c l u d e d

•3 2 0 , 0 0 0  c o m p u t a t i o n a l  c e l l s

•0 . 0 1  s e c o n d  t i m e  s t e p  
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Transient Model Results

•M o d e l  w a s  r u n  f o r  b o t h  t h e  
i d e a l  c a s e  ( r i g h t )  
r e p r e s e n t e d  b y  s i n g l e  r o w  
s y m m e t r y  m o d e l  a n d  f u l l  
3 D  c a s e  ( l e f t )

•Va r i a t i o n s  i n  h e a t  t r a n s f e r  
s e e n  i n  f u l l  3 D  c a s e  c e l l s

•0 . 0 1  s e c o n d  t i m e  s t e p  
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Transient Model Results

•Va r i a t i o n s  i n  h e a t  t r a n s f e r  
l e a d  t o  r e d u c e d  c o o l i n g  
a n d  g r e a t e r  v a r i a b i l i t y

•R e s u l t s  s h o w n  f o r  2 . 5  
s e c o n d  i n t o  q u e n c h

•N o t e  t h e  d i f f e r e n t  
t e m p e r a t u r e  s c a l e s

Ideal case

Full 3D case
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Transient Model Results

W h i l e  t h e  i d e a l i z e d  m o d e l  
s h o w s  r e d u c e d  v a r i a t i o n  i n  
t e m p e r a t u r e  a n d  f a s t e r  
c o o l i n g ,  p e r f o r m a n c e  f o r  
t h e  f u l l  3 D  s y s t e m  i s  a b o u t  
t h e  s a m e  a s  f o r  t h e  
e x i s t i n g  s y s t e m .
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• P r e v i o u s  s t u d i e s  o f  t h e  TA  i n s t r u m e n t s  d i l a t o m e t e r  
h a v e  s h o w n  t h a t  t h e r e  c a n  b e  s i g n i f i c a n t  v a r i a t i o n s  
i n  s a m p l e  t e m p e r a t u r e  d u r i n g  c o o l i n g

• C o o l i n g  s y s t e m s  w i t h  i m p r o v e d  c o o l i n g  r a t e  a n d  
u n i f o r m i t y  c a n  b e  s h o w n  f o r  a  r e d u c e d  d o m a i n ,  i d e a l  
c a s e

• I n c o r p o r a t i o n  o f  t h e  a l t e r n a t e  c o o l i n g  s y s t e m  i n t o  
t h e  d i l a t o m e t e r  c a n  b e  a c h i e v e d  w i t h o u t  l i m i t i n g  
h e a t - u p  r a t e

• S i m u l a t e d  c o o l i n g  r a t e s  w i t h  f u l l  s y s t e m  s h o w e d  n o  
i m p r o v e m e n t ,  d u e  t o  i n s t a b i l i t y  a n d  i n t e r a c t i o n  o f  t h e  
j e t s

• I m p r o v e d  c o o l i n g  u n i f o r m i t y  w i l l  r e q u i r e  g r e a t e r  
a t t e n t i o n  t o  t h e  f l o w  f i e l d  s t a b i l i t y  w i t h i n  t h e  s y s t e m  

Conclusions
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