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ṽ
i ,

i2
[r,✓],

8
t



IA
EA

-2016 - Energy D
ynam

ics L-H
 

W
e

 te
st the

 sup
p

re
ssio

n o
f turb

ule
nc

e
 via

 e
ne

rg
y 

tra
nsfe

r fro
m

 turb
ule

nc
e

 to
 m

e
a

n flo
w

Eva
lua

te
 the

 sig
n o

f p
ro

d
uc

tio
n te

rm
: d

o
e

s turb
ule

nc
e

 
d

rive
 flo

w
s o

r vic
e

 ve
rsa

?  

Is the
 a

b
so

lute
 va

lue
 o

f the
 p

ro
d

uc
tio

n te
rm

 b
ig

 e
no

ug
h to

 
e

xp
la

in the
 ra

te
 o

f c
ha

ng
e

 o
f the

 the
rm

a
l fre

e
 e

ne
rg

y? 

D
o

e
s the

 e
ne

rg
y in the

 m
e

a
n flo

w
 inc

re
a

se
 a

s m
uc

h a
s 

the
 turb

ule
nc

e
 e

ne
rg

y d
ro

p
s?

9



IA
EA

-2016 - Energy D
ynam

ics L-H
 

Ene
rg

y tra
nsfe

r d
ire

c
tio

n is d
e

te
rm

ine
d

 using
 the

 
p

ro
d

uc
tio

n te
rm

•In o
rd

e
r to

 d
e

p
le

te
 the

 turb
ule

nc
e

 the
 p

ro
d

uc
tio

n te
rm

 m
ust b

e
 p

o
sitive

.

10

no
n-zo

na
l ExB e

ne
rg

y 
Zo

na
l ExB e

ne
rg

y 

Po
sitive

 Pro
d

uc
tio

n te
rm

N
e

g
a

tive
 Pro

d
uc

tio
n te

rm

n
o

m
i h

ṽ
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r

>
@
r

<
v̄
✓

>

R -R
se

p  = -1 c
m

 



IA
EA

-2016 - Energy D
ynam

ics L-H
 

W
e

 te
st the

 sup
p

re
ssio

n o
f turb

ule
nc

e
 via

 e
ne

rg
y 

tra
nsfe

r fro
m

 turb
ule

nc
e

 to
 m

e
a

n flo
w

Eva
lua

te
 the

 sig
n o

f p
ro

d
uc

tio
n te

rm
: d

o
e

s turb
ule

nc
e

 
d

rive
 flo

w
s o

r vic
e

 ve
rsa

?  

Is the
 a

b
so

lute
 va

lue
 o

f the
 p

ro
d

uc
tio

n te
rm

 b
ig

 e
no

ug
h to

 
e

xp
la

in the
 ra

te
 o

f c
ha

ng
e

 o
f the

 the
rm

a
l fre

e
 e

ne
rg

y? 

D
o

e
s the

 e
ne

rg
y in the

 m
e

a
n flo

w
 inc

re
a

se
 a

s m
uc

h a
s 

the
 turb

ule
nc

e
 e

ne
rg

y d
ro

p
s?

12

In N
STX

, e
ne

rg
y is tra

nsfe
rre

d
 fro

m
 m

e
a

n flo
w

s to
 turb

ule
nc

e



IA
EA

-2016 - Energy D
ynam

ics L-H
 

W
e

 te
st the

 sup
p

re
ssio

n o
f turb

ule
nc

e
 via

 e
ne

rg
y 

tra
nsfe

r fro
m

 turb
ule

nc
e

 to
 m

e
a

n flo
w

Eva
lua

te
 the

 sig
n o

f p
ro

d
uc

tio
n te

rm
: d

o
e

s turb
ule

nc
e

 
d

rive
 flo

w
s o

r vic
e

 ve
rsa

?  

Is the
 a

b
so

lute
 va

lue
 o

f the
 p

ro
d

uc
tio

n te
rm

 b
ig

 e
no

ug
h to

 
e

xp
la

in the
 ra

te
 o

f c
ha

ng
e

 o
f the

 the
rm

a
l fre

e
 e

ne
rg

y? 

D
o

e
s the

 e
ne

rg
y in the

 m
e

a
n flo

w
 inc

re
a

se
 a

s m
uc

h a
s 

the
 turb

ule
nc

e
 e

ne
rg

y d
ro

p
s?

13

In N
STX

, e
ne

rg
y is tra

nsfe
rre

d
 fro

m
 m

e
a

n flo
w

s to
 turb

ule
nc

e



Re
c

a
ll: This e

ne
rg

y b
a

la
nc

e
 b

e
tw

e
e

n flo
w

 a
nd

 
turb

ule
nc

e

IA
EA

-2016 - Energy D
ynam

ics L-H
 

no
n-zo

na
l ExB e

ne
rg

y 
Zo

na
l ExB e

ne
rg

y 

Pro
d

uc
tio

n te
rm

n
o m

i

<
ṽ
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ñ
e

n
0
e ⌘

2

+
n
o

m
i h

ṽ
2✓ i

2

n
o

m
i hv̄

✓ i
2

2

15



�

The
rm

a
l fre

e
 e

ne
rg

y is a
n a

d
d

itio
na

l re
se

rvo
ir fo

r 
the

 turb
ule

nc
e

 e
ne

rg
y

Se
e

 p
a

p
e

r fo
r d

e
ta

ils 
Sto

ltzfu
s-D

u
e

c
k, Po

P 23 054505 (2016)
Turb

ule
nc

e
 e

ne
rg

y (E
Turb )

C
o

m
p

a
re

 the
 ra

te
 o

f c
ha

ng
e

 o
f the

 the
rm

a
l 

fre
e

 e
ne

rg
y o

ve
r the

 L-H
 tra

nsitio
n to

 the
 

a
b

so
lute

 va
lue

 o
f the

 p
ro

d
uc

tio
n te

rm

IA
EA

-2016 - Energy D
ynam

ics L-H
 

The
rm

a
l fre

e
  

e
ne

rg
y 

no
n-zo

na
l ExB e

ne
rg

y 
Zo

na
l ExB e

ne
rg

y 

Pro
d

uc
tio

n te
rm

n
o m

i

<
ṽ
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r

>
@
r

<
v̄
✓

>



-1
-0.5

0
0.5

1
0

0.01

0.02

0.03

0.04

0.05
(b

)
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(ñ/n̄) 2
#138114

Tim
e rel. L-H [m

s]
−1

−0.5
0

0.5
1

0

0.1

0.2

0.3

0.4
#141746

Tim
e rel. L-H [m

s]
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