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Co
nv
ec
ti
on
 p
he
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me
na
 
in
vo
lv
in
g 
fl
ui
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h
i
c
h
 a
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or
b 
an
d 

em
it
 t
he
rm
al
 r
a
d
i
a
t
i
o
n
 i
s
 a
n
 a
re
a 
wh
ic
h 
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s 
re
ce
nt
ly
 a
tt
ra
ct
ed
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ns
id
er
ab
le
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n
v
e
s
t
i
g
a
t
i
o
n
 w
i
t
h
 r
e
s
p
e
c
t
 t
o 
fo
rc
ed
 c
on
ve
ct
io
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o
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w
e
v
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r
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an
y 
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er
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ng
 c
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n
d
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r
e
e
 c
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n
v
e
c
t
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o
n
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t 
tr
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ra
di
at
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 c
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a
l
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 c
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a 
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ro
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n
 f
r
e
e
 c
o
n
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e
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at
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e
 c
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ve
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u
i
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l 
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 p
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 p
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 f
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 f
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 b
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 b
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 f
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a
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ra
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c
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 f
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 p
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p
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h
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h
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d
i
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f
u
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d 
e
m
i
t
t
e
r
,
 a
nd
 
h
a
s
 
a
n
 i
n
d
e
x
 o
f 

r
e
f
r
a
c
t
i
o
n
 o
f 

un
it
y.
 

2
,
 
Th
e 
pl
at
e 

s
u
r
f
a
c
e
 
is
 
b
l
a
c
k
,
 

3
,
 
Ne
t 
r
a
d
i
a
t
i
o
n
 i
n
 t
he
 x
-
d
i
r
e
c
t
i
o
n
 w
i
t
h
i
n
 t
he
 

fl
ui
d 
is
 n
e
g
l
i
g
i
b
l
e
.
 

A 
di
sc
us
si
on
 o
f 

th
e 
f
i
r
s
t
 a
s
s
u
m
p
t
i
o
n
 i
s 
g
i
v
e
n
 
in
 

[2
1,

 

wh
il
e 

an
 
or
de
r 
of
 
m
a
g
n
i
t
u
d
e
 
a
n
a
l
y
s
i
s
 c
o
n
c
e
r
n
i
n
g
 
th

e 
th
ir
d 
a
s
s
u
m
p
-
 

ti
on
 
is
 d
is
cu
ss
ed
 
i
n
 
[I] 

f
o
r
 f
o
r
c
e
d
 c
on
ve
ct
io
n.
 
If
 
t
h
e
 s
am
e 

pr
oc
ed
ur
e 

i
s

 a
pp
li
ed
 
to
 f
r
e
e
 c
o
n
v
e
c
t
i
o
n
,
 i
t 
is
 f
o
u
n
d
 
th
at
 

ra
di
at
io
n 
tr
an
sf
er
 
i
n
 t
he
 x
-
d
i
r
e
c
t
i
o
n
 m
a
y
 b

e 
n
e
g
l
e
c
t
e
d
 p
r
o
v
i
d
-
 

in
g 
th
e 
co
nd
it
io
n 

L
-
 

is
 s
at
is
fi
ed
. 

T
he

 
eq
ua
ti
on
s 
e
x
p
r
e
s
s
i
n
g
 c
o
n
s
e
r
v
a
t
i
o
n
 o
f 
m
a
s
s
,
 m
o
m
e
n
t
u
m
 

an
d

 
en
er
gy
 m
ay
 n
o
w
 b
e
 
w
r
i
t
t
e
n
,
 r
e
s
p
e
c
t
i
v
e
l
y
,
 a
s
 



w
he

re
 q

r 
d

en
o

te
s 

th
e

 r
a

d
ia

ti
o

n
 f
l
u
x
 w

it
h

in
 t

h
e

 f
lu

id
. 

P
ro

m
 
[I
] 

th
e 

q
u

a
n

ti
ty

 -
a
q
 

1
2

7
, 

w
it

h
 q

 
re

p
re

se
n

ti
n

g
 t

h
e

 
o

p
ti

c
a

l 
d

is
ta

n
c

e
 

33
 

ay
, 

is
 g

iv
en

 b
y

 

A
s 

p
re

v
io

u
sl

y
 d

is
c

u
ss

e
d

, 
i
t
 i

s
 f

ir
s

t 
n

e
c

e
ss

a
ry

 t
o

 o
b

ta
in

 

v
e

lo
c

it
y

 a
nd

 
te

m
p

e
ra

tu
re

 
s

o
lu

ti
o

n
s

 f
o

r
 t

h
e 

ra
d

ia
ti

o
n

 l
a

y
e

r.
 

R
ad

ia
ti

o
n

 L
a
y
e
r
 

E
q

u
at

io
n

s 
(
1
)
 t

o
 (

4
)
 

a
p

p
ly

 t
o

 t
h

e
 r

a
d

ia
ti

o
n

 l
a

y
e

r 
p

ro
v

id
- 

2
 

2
 

2 
in

g
 t

h
e

 
te

rm
s 

va
2u

,/a
y 

a
n

d
 
a3
 

T
/a

y 
a

re
 d

e
le

te
d

 i
n

 e
q

u
a

ti
o

n
s 

(
2

)
 a

n
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en

 e
q

u
at

io
n

s 
(
2

)
, 

(3
) 

an
d

 
(4

) 
y

ie
ld

 

w
it

h
 t

h
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h
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at
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 c
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h
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 b
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w
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i
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h
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h
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-
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d
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 t
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n
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q
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c
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p
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q
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p
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q
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e
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q
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h
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e
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h
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s
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d
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h
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u
a
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~
(

o
)
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d 

G
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h
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o
u

n
d
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y

 
c

o
n

d
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n
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e

q
u
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n

s 
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3
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4
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w
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u

n
d

 t
o
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e
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I
t 
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d
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f 
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q
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a
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) 
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d
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p
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d
en
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of

 
P

ra
n
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be
r,

 

E
q
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at
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n
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3
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d

 
(2

4
) 
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 b
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n
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d
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u

m
e
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c

a
ll

y
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P
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n
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o
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o
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d
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o

n
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o
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r 
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th
e 
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b
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Q
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g
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 i
n

 r
e
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T
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q
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I
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o
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f
l 
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d 

f
2
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d
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n
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d
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n

, 
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.
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I
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 b
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a
t 

G
o 
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o
g
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t
 t

h
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 o
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. 
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q

u
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h

e
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w
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g
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, 

H
E

A
T
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R
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N
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E

R
 

R
E
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U
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A
s 

in
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h
e
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o
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e

d
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o

n
v

e
c
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o
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n
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. 

i
t
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i
l
l
 

b
e

 

c
o
n
v
e
n
i
e
n
t
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o

 c
o
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d
e

r 
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a
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h
e
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o
n
v
e
c
t
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n
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n
d

 
ra

d
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o

n
 

h
e

a
t 

tr
a

n
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e
r 
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t
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h

e
 

p
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a
c

e
, 
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d
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e
 n

e
t 
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d
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a
t
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n
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- 
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r 
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ee

n
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 p
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n
d
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e
 
a
b
s
o
r
b
i
n
g
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i
l
l
 

b
e 
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o

n
si
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d
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h
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e
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e
c
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i
l
l
 

b
e 

n
e

c
e
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a

ry
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c
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d
i
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n
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 5

 
d

e
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n
e
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s
 

R
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c
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g
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e
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u
n
d
a
r
y
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y

e
r 

t
h
i
c
k
n
e
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s
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r 
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 c
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n
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1
 

v
e
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n
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r
o
p
o
r
t
i
o
n
a
l
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e

n
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, 
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s
s
e
n
t
i
a
l
l
y
 

a 
m

e
a
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o
f 

th
e

 
o
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ti

c
a

l 
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k
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th
e

 f
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e
 c

o
n

v
e
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n

 
b

o
u

n
d
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y
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y
e

r,
 

T
h

u
s,

 
i
t
 i
s 
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q

u
ir

e
d
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a
t 

C 
b

e 
s
m
a
l
l
,
 

A
c

tu
a
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y

, 
th

e
 
a
s
s
u
m
p
t
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o
n
 

o
f 

an
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p
ti

c
a
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y
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h
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o
u
n
d
a
r
y
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y
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r 
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e
q
u
i
v
a
l
e
n
t
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o
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t
a
t
i
n
g
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a

t 
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e
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n

a
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s 
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s
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o
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n
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T
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p
r
e
s
e
n
t
 

s
o
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o
n

 t
h

e
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f 
o
r
e
 

c
o

n
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s 
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t-
o
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e

r 
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 5

 
a

n
d
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d
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h
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s
s
u
m
p
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n
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e
 p
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c
e
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b
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c
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e
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d
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n
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t 
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n
sf

e
r 

b
et

w
ee

n
 

th
e

 
p
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d
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h
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s
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y
 

U
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m
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g
 

e
q

u
a
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n
s 

(8
) 

an
d

 
(
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,
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e

 
t
e
m
p
e
r
a
t
u
r
e
 

d
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u
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o

n
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u
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u
t 
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e

 
e

n
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b
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p
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d 
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u
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e

s 
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b
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n
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8
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q

u
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o
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2
6
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n
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ti
n

g
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h
a
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E
2

(
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l
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h
e
r
e
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d 
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a
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o

n
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, 
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d 

n
e

g
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c
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n
g
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of
 

o
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er
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5
2
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9
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h
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s
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b
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q
u
a
n
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t
i
e
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, 

an
d
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I
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b
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n
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v

a
lu

a
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n
u
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 r
e
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u
l
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i
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b
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,
 

T
he

 
Q
u
a
n
t
i
t
i
e
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H
o 
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t 
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q
u
a
t
i
o
n
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p
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e
p
r
e
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e
n
t
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a
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o
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e
x
c
h
a
n
g
e
 
b
e
t
w
e
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n
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p
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u
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d

 
a
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n
f

in
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e
r
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l
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a
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a
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p
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c
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e
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a
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r
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-B
oe

r 
re

p
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 d
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c
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 c
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p
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r
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d
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s
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n
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g
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e
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n
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e
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i
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s

 c
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e
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- 
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h
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e
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w

o
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e
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a
d
i
a
t
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o
n
 

h
e
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t 

tr
a
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s
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r 
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b
e
t
w
e
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n
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p
l
a
t
e
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e
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n
d
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a
s 
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b

e
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h
a

n
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r 
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h
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r
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e
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e
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e
m
p
e
r
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t
u
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e
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e
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n
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e

 p
la
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d
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e
 
b
o
u
n
d
a
r
y
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l
a
y
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r
 

g
a
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i
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e
s
s
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o

n
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e
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t 
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 c
o

n
v
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c
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g
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h
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 c
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n

v
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 c
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 p
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 d
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 b
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 c
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t
e
r
a
c
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h
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t
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e

 
o

u
te

r 
e

d
g

e
 

of
 
t
h
e
 
f
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c
o
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c
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 c
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i
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h
a
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c
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T
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n
e
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u
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b
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p
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p
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c
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F
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S

p
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d
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g
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u

n
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p
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h
e

a
t 

tr
a

n
sf

 e
x
,
 



T
h

is
 w

o
rk

 w
a

s
 
s
u
p
p
o
r
t
e
d
 

by
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a
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S

c
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n
c
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.
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p
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p
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r
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i
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 c
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i
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ra
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R.
 
D.
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P
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~
e
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~
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