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 d
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 c
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u
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 d
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d
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b
o
 h

o
ri

zo
n
ta

l 
so

n
: 

 

•
 

F
lu

jo
 b

u
rb

u
je

an
te

: 
S

e 
p

ro
d
u
ce

n
 a

 b
aj

o
s 

tí
tu

lo
s 

d
e 

v
ap

o
r,

 e
l 

v
ap

o
r 

ex
is

te
n
te

 s
e 

en
cu

en
tr

a 

es
p
ar

ci
d
o
 e

n
 u

n
a 

fa
se

 c
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 d
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 d
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 d
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d
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d
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 c

o
m

p
le

ta
m

en
te

 e
st

ra
ti

fi
ca

d
as

, 
la

 f
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 p

ar
te

 b
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 p
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el
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 d
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o
r,

 s
e 
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an
 o
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s 

en
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p
er
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ci

e 
d
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lí
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u
id
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 d
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n
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p
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u
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 m
u

y
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u
e 
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o
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p
a 
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o
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o
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o
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 d

el
 t

u
b
o
, 

el
 l

íq
u
id

o
 s

e 

en
cu

en
tr

a 
en

 p
eq

u
eñ

as
 p

ar
tí

cu
la

s 
d
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e.

  

 

 
 

E
s 

ac
o
n
se

ja
b
le

 r
ec

o
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 d
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r 
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o
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 d
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u
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u
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p
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b
re

 
u
n
a 

su
p
er

fi
ci

e.
 E

n
 e

st
e 

ca
so

 e
s 

el
 l
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 c
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 d
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p
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p
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 d
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 d
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 c
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 c
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 c
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 d
eb

id
o
 a

 l
a 

te
n
si

ó
n
 s

u
p
er

fi
ci

al
, 

ac
ti

v
án

d
o
se

 a
sí

 l
a 

eb
u
ll

ic
ió

n
 n

u
cl

ea
d
a.

 

 P
o
co

 a
 p

o
co

 s
o
n
 m

ás
 l
as

 b
u
rb

u
ja

s 
q
u
e 

v
an

 a
 p

ar
ec

ie
n
d
o
 a

u
m

en
ta

n
d
o
 a

sí
 e

l 
tí

tu
lo

 d
e 

v
ap

o
r 

y
 e

l 
fl

u
jo

 d
e 

ca
lo

r 
en

 l
a 

su
p
er

fi
ci

e.
 C

u
an

d
o
 e

l 
fl

u
jo

 d
e 

ca
lo

r 
su

p
er

fi
ci

al
 e

s 
su
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 c
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n
g
a 

lu
g
ar

 l
a 

eb
u
ll

ic
ió

n
 e

n
 p

el
íc

u
la

, 
el

 f
en

ó
m

en
o
 d
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 d
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 d
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n
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 l
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n
v
en

ie
n
te

s 
es

 q
u
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n
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u
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p
u
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 d
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u
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o
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n
en
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n
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u
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 e

l 
ti

p
o
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e 
n
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u
ra
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 d
e 
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u
p
er
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ci

e 
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 c
u
al
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o
ri

 p
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e 
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n
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u
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d
o
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l 
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u
jo
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s 
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n
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o
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a 
re

g
ió

n
 d

e 
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u
ll

ic
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n
 n

u
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d
a 
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y
 d
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0
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a 
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u
ll

ic
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n
 p

el
íc

u
la
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 E

x
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 u

n
 p

er
io

d
o
 d

e 
tr

an
si

ci
ó
n
 d

e 
u
n
 r
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im
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tr

o
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p
er

o
 d

ad
o
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u
 g

ra
n
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m

p
le

ji
d
ad
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 l

a 
p
o
ca

 d
u
ra

b
il

id
ad
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o
 e

x
is

te
n
 c

o
rr

el
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io
n
es
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u
e 

m
o
d
el
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en
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e 
ré

g
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en
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T
ra

s 
al

ca
n
za

r 
el

 n
u
ev

o
 r

ég
im

en
, e

l 
v
o
lu

m
en

 d
e 

co
n
tr

o
l 
se

 e
n
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en
tr

a 
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m
p
le

ta
m

en
te

 r
ec

u
b
ie

rt
o
 p

o
r 

u
n
a 

p
el
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u
la

 d
e 

v
ap

o
r 

h
e 
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u
í 
el
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o
m

b
re
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e 
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te

 r
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im
en
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E

l 
in

te
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b
io

 d
e 
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lo

r 
ti

en
e 

lu
g
ar
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ed

ia
n
te
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o
s 

m
ec

an
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m
o
s 

d
e 
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d
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ó
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 c
o
n
v
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ci
ó
n
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p
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o
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l 
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p
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n
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L
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m
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m
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u
e 
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lu
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s 
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b
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d
a 
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se
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n
d
ep

en
d
ie

n
te

 u
n
a 

d
e 

la
 o

tr
a 

y
 l

a 
se

g
u
n
d
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m

ir
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u
e 
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 p
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u
la
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o
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g
u
e 

u
n
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d
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g
u
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o

 d
e 
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o
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n
te
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l a
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o
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a 

u
ti

li
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ci
ó
n

 d
e 
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u
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co
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o
 f
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id

o
 d

e 
tr
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aj

o
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n
 e

l 
ci
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n
d
ro

 p
ar
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ó
li
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 y

 p
o
r 
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n
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a 
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d
ir
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 d
e 
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o
r 

p
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n
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n
a 
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e 
d
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v
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n
v
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ie
n
te
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en
te
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l 

u
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 m
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x

te
n
d
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u
e 
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l 
u
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 d
e 
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ei

te
 t

ér
m

ic
o
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o
m

o
 f
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al
o
p
o
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o
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A
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u
n
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 d
e 
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s 

v
en
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s 
d
e 
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 g

en
er
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n
 d

ir
ec

ta
 d

e 
v
ap

o
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C
o
n
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n
 

d
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p
u
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e 
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n
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g
u
ir
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p
er
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m
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o
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d
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ap

o
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b
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n
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 p
o
r 

lo
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u
m
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 e
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a 
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o
d
in
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y
a 
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u
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u
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ei
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rm

ic
o
 

p
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p
ro

d
u
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r 

v
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o
r 
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n
ec
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u
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rc
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b
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q
u
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o
d
u
ce

 p
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d
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 p
o
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d
e 
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p
er
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u
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u
e 
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o
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rí
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o
b
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er

 d
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o
r 

a 
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a 
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 l
im
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p
o
r 

el
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en
d
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n
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 d
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n
te
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b
ia
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o
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l 
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e 
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m
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n
ta

 e
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n
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u
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u
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o
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es
te

 p
ar

ám
et

ro
 q

u
e 

h
ac

e 
re

fe
re

n
ci

a 
a 

u
n
a 

p
ro

p
ie

d
ad

 

d
el

 t
u
b
o

 m
et

ál
ic

o
 d

e 
re

cu
b
ri

m
ie

n
to

 s
el

ec
ti

v
o
. 

In
d
ic

a 
la

 c
an

ti
d
ad

 q
u
e
 l

a 
su

p
er

fi
ci

e 
ab

so
rb

e,
 

y
 p

o
r 

ta
n
to

 c
al

ie
n
ta

 e
l 

fl
u
id

o
, 

re
sp

ec
to

 a
l 

to
ta

l 
in

ci
d
en

te
. 

E
l 

v
al

o
r 

su
el

e 
es

ta
r 

en
 t

o
rn

o
 a

l 

9
0
%

-9
6
%

. 

2.
5 

P
ér

d
id

as
 t

ér
m

ic
as

 

E
n
 u

n
 c

il
in

d
ro

 p
ar

ab
ó
li

co
 s

e 
p
ro

d
u
ce

 u
n
 i

n
te

rc
am

b
io

 t
ér

m
ic

o
 e

n
tr

e 
el

 e
x
te

ri
o
r 

y
 e

l 
fl

u
id

o
 i

n
te

ri
o
r,

 e
l 

o
b
je

ti
v
o
 d

el
 p

ro
ce

so
 e

s 
ca

le
n
ta

r 
el

 f
lu

id
o
 q

u
e 

ci
rc

u
la

 p
o
r 

el
 c

il
in

d
ro

 i
n
te

ri
o
r 

m
ed

ia
n
te

 e
l 

p
o
rt

e 
so

la
r.

 

C
o
m

o
 e

n
 t

o
d
o
 p

ro
ce

so
 e

x
is

te
n
 a

so
ci

ad
as

 u
n
a 

se
ri

e 
d
e 

p
ér

d
id

as
 q

u
e 

en
 n

u
es

tr
o
 c

as
o
 s

e 
m

an
if

ie
st

an
 e

n
 

la
s 

su
p
er

fi
ci

e 
in

te
rn

a 
y
 e

x
te

rn
a 

d
el

 c
ap

ta
d
o
r.

 L
as

 p
ér

d
id

as
 s

o
n
 d

e 
n
at

u
ra

le
za

 c
o
n
v
ec

ti
v
as

 y
 r

ad
ia

n
te

s,
 

o
b
te

n
ié

n
d
o
se

 u
n
as

 m
ay

o
re

s 
p
ér

d
id

as
 d

el
 p

ro
ce

so
 e

n
 l

a 
su

p
er

fi
ci

e 
in

te
rn

a 
al

 a
lc

an
za

r 
u
n
a 

m
ay

o
r 

te
m

p
er

at
u
ra

. 

 



 
 

 

3.
 M

O
D

E
L

O
 U

S
A

D
O

 P
A

R
A

 E
L

 A
N

Á
L

IS
IS

 D
E

L
 

C
IL

IN
D

R
O

 P
A

R
A

B
Ó

L
IC

O
 

  co
n
ti

n
u
ac

ió
n
, 

se
 

h
a 

an
al

iz
ad

o
 

en
er

g
ét

ic
am

en
te

 
el

 
m

ec
an

is
m

o
 

d
e 

tr
an

sm
is

ió
n
 

d
e 

ca
lo

r 

co
m

b
in

ad
o
 q

u
e 

se
 p

ro
d
u
ce

 e
n
 e

l 
ab

so
rb

ed
o
r.

 

P
ar

a 
m

ay
o
r 

co
m

p
re

n
si

ó
n
 d

e 
lo

s 
m

ec
an

is
m

o
s 

d
e 

tr
an

sm
is

ió
n
 q

u
e 

ti
en

e 
lu

g
ar

 s
e 

p
ro

ce
d
e 

en
 e

st
e 

ap
ar

ta
d
o
 

a 
an

al
iz

ar
 e

l 
in

te
rc

am
b
io

 q
u
e 

se
 p

ro
d
u
ce

 e
n
 u

n
 c

o
rt

e 
tr

an
sv

er
sa

l 
d
el

 t
u
b
o
 c

ap
ta

d
o
r,

 d
ef

in
ie

n
d
o
 l

as
 

ec
u
ac

io
n
es

 d
e 

in
te

rc
am

b
io

 q
u
e 

se
 p

ro
d
u
ce

n
 e

n
 c

ad
a 

su
p
er

fi
ci

e,
 q

u
ed

an
d
o
 r

ec
o
g
id

as
 l

as
 g

an
an

ci
as

 y
 

p
ér

d
id

as
 d

e 
la

s 
d
o
s 

su
p
er

fi
ci

es
. 

3.
1 

M
ec

an
is

m
o

s 
d

e 
tr

an
sf

er
en

ci
a 

y 
b

al
an

ce
s 

A
 

m
o
d
o
 

ej
em

p
li

fi
ca

ti
v
o
 

se
 

h
a 

in
tr

o
d
u
ci

d
o
 

u
n
a 

im
ag

en
 

si
m

u
la

n
d
o
 

u
n

a 
se

cc
ió

n
 

tr
an

sv
er

sa
l 

d
el

 

ab
so

rb
ed

o
r.

 S
e 

h
a 

to
m

ad
o
 l
a 

p
re

m
is

a 
d
e 

d
es

p
re

ci
ar

 l
as

 p
ér

d
id

as
 c

o
n
d
u
ct

iv
as

 q
u
e 

se
 p

ro
d
u
ce

 p
o
r 

am
b
o
s 

tu
b
o
s,

 s
u
p
o
n
ie

n
d
o
 p

o
r 

lo
 t
an

to
 d

o
s 

su
p
er

fi
ci

es
 a

 a
n
al

iz
ar

. 

 

 

 

     A
 

  
  
  
I  

S
S

Q
cd

-a
b
 

 Q
rd

-a
b
 

T
ab

so
rb

ed
o
r 

T
cr

is
ta

l 

 

T
fl

u
id

o
 

 

Q
cv

-c
r 

 

Q
rd

-c
r 

 

Q
cv

-f
lu

id
 

T
am

b
ie

n
te

 

T
ci

el
o
 

Q
ab

s 

 

Il
u
st

ra
ci

ó
n
 1

6
 E

je
m

p
lo

 d
el

 i
n
te

rc
am

b
io

 e
n
er

g
ét

ic
o
 e

n
 l
a 

se
cc

ió
n
 d

el
 a

b
so

rb
ed

o
r 

 



 

M
o
d
el

o
 u

sa
d
o
 p

ar
a 

el
 a

n
ál

is
is

 d
el

 c
il

in
d
ro

 p
ar

ab
ó
li

co
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F
lu

jo
 

M
e

ca
n

is
m

o
 

In
te

rc
a

m
b

io
 

D
e 

A
 

Q
cv

-c
r 

C
o
n
ve
cc
io
 n

 
C
ri
st
al

 
A
m
b
ie
n
te

 

Q
rd

-c
r 

R
ad
ia
ci
o 
n

 
C
ri
st
al

 
A
m
b
ie
n
te

 

Q
cv

-a
b
 

C
o
n
ve
cc
io
 n

 
A
b
so
rb
ed
o
r 

C
ri
st
al

 

Q
rd

-a
b
 

R
ad
ia
ci
o 
n

 
A
b
so
rb
ed
o
r 

C
ri
st
al

 

I 
R
ad
ia
ci
o 
n

 
A
m
b
ie
n
te

 
C
ri
st
al

 

Q
ab

s 
R
ad
ia
ci
o 
n

 
C
ri
st
al

 
A
b
so
rb
ed
o
r 

Q
cv

-f
lu

id
 

C
o
n
ve
cc
io
 n

 
A
b
so
rb
ed
o
r 

F
lu
id
o

 

T
ab

la
 3

 D
ef

in
ic

ió
n
 d

e 
v
ar

ia
b
le

s 
en

er
g
ét

ic
as

 y
 c

o
n
 e

l 
m

ed
io

 q
u
e 

in
te

rc
am

b
ia

n
 

 D
is

ti
n
g
u
im

o
s 

tr
es

 t
em

p
er

at
u
ra

s 
d
el

 s
is

te
m

a,
 l

a 
te

m
p
er

at
u
ra

 a
 l

a 
q
u
e 

se
 e

n
cu

en
tr

a 
el

 f
lu

id
o
 p

o
r 

el
 

p
as

o
 d

el
 i

n
te

ri
o

r 
d

el
 t

u
b
o

 a
b
so

rb
ed

o
r,

 l
a 

te
m

p
er

at
u

ra
 q

u
e 

al
ca

n
za

 e
l 

tu
b
o
 a

b
so

rb
ed

o
r,

 a
sí

 c
o
m

o
 e

l 

cr
is

ta
l.

 

S
e 

p
er

ci
b
en

 d
o
s 

te
m

p
er

at
u
ra

s 
ex

te
ri

o
re

s 
al

 c
ap

ta
d
o

r 
q
u
e 

so
n
 c

o
n
o
ci

d
as

, 
la

 t
em

p
er

at
u
ra

 a
m

b
ie

n
te

 y
 

u
n
a 

ra
d
ia

n
te

, 
te

m
p
er

at
u

ra
 d

el
 c

ie
lo

. 

S
o
n
 d

o
s 

lo
s 

m
ec

an
is

m
o
s 

d
e 

tr
an

sf
er

en
ci

a 
q
u
e 

se
 p

ro
d
u
ce

n
. 

E
n
 e

l 
in

te
ri

o
r 

d
el

 t
u
b
o
 a

b
so

rb
ed

o
r,

 p
o

r 
d
o
n

d
e 

tr
an

sc
u
rr

e 
el

 f
lu

id
o
 t

en
em

o
s 

u
n
a 

co
n
v

ec
ci

ó
n
 f

o
rz

ad
a 

al
 e

st
ar

 e
l 

fl
u
id

o
 i

m
p
u
ls

ad
o
 p

o
r 

u
n
a 

b
o
m

b
a.

 

E
n
tr

e 
la

 s
u
p
er

fi
ci

e 
q
u

e 
q

u
ed

a 
en

tr
e 

el
 a

b
so

rb
ed

o
r 

y
 e

l 
cr

is
ta

l,
 a

u
n
q
u

e 
se

 a
p

li
q
u
e 

el
 v

ac
ío

 s
ie

m
p
re

 

q
u
ed

a 
u
n
a 

p
eq

u
eñ

a 
ca

n
ti

d
ad

 d
e 

ai
re

 r
es

id
u
al

, 
as

í 
co

m
o
 h

id
ró

g
en

o
 q

u
e 

ap
ar

ec
e 

d
eb

id
o
 a

 u
n
a 

se
ri

e 

d
e 

re
ac

ci
o
n
es

 q
u
e 

se
 a

ct
iv

an
 c

o
n
 l

a 
ra

d
ia

ci
ó
n
 s

o
la

r,
 t

en
ie

n
d
o
 u

n
a 

co
n
v
ec

ci
ó
n
 l

ib
re

 a
l 

es
ta

r 
g
as

 

es
ta

n
co

 y
 a

 s
u
 v

ez
 u

n
 i

n
te

rc
am

b
io

 r
ad

ia
n
te

. 

P
o
r 

ú
lt

im
o
, 

la
 s

u
p
er

fi
ci

e 
d
e 

cr
is

ta
l 

re
al

iz
a 

u
n
 i

n
te

rc
am

b
io

 r
ad

ia
n
te

 y
 c

o
n
v

ec
ti

v
o
 c

o
n
 e

l 
am

b
ie

n
te

 

ex
te

ri
o
r.

 

E
l 

b
al

an
ce

 q
u

e 
se

 r
ea

li
za

 e
n
 c

ad
a 

su
p
er

fi
ci

e 
es

 r
ea

li
za

d
o
 e

n
 c

u
al

q
u
ie

r 
si

tu
ac

ió
n
 t

er
m

o
d
in

ám
ic

a:
 

𝐸
𝑒
𝑛
𝑡𝑟
𝑎
+
𝐸
𝑔
𝑒
𝑛
𝑒
𝑟
𝑎
=
𝐸
𝑠𝑎
𝑙𝑒
+
𝐸
𝑎
𝑐
𝑢
𝑚
𝑢
𝑙𝑎
 (
2
) 

 S
e 

re
al

iz
ar

án
 d

o
s 

b
al

an
ce

s 
en

er
g
ét

ic
o
s 

en
 c

ad
a 

u
n
a 

d
e 

la
s 

su
p
er

fi
ci

es
. 

𝑄
𝑐
𝑣
−
𝑐
𝑟
+
𝑄
𝑟
𝑑
−
𝑐
𝑟
+
𝐼
∗
𝐴
𝑐
𝑟
=
𝑄
𝑟
𝑑
−
𝑎
𝑏
+
𝑄
𝑐
𝑑
−
𝑎
𝑏
  (
𝑆 1
) 
 (
3
) 

𝑄
𝑟
𝑑
−
𝑎
𝑏
+
𝑄
𝑐
𝑑
−
𝑎
𝑏
=
𝑄
𝑐
𝑣
−
𝑓
𝑙𝑢
𝑖𝑑
+
𝐼
∗
𝐴
𝑐
𝑟
∗
𝛼
∗
𝜏 
( 𝑆
2
)  
(4
) 

N
ec

es
it

am
o
s 

u
n
a 

te
rc

er
a 

ec
u
ac

ió
n
 p

ar
a 

p
o

d
er

 h
al

la
r 

la
s 

tr
es

 t
em

p
er

at
u
ra

s 
d

e 
n
u
es

tr
o
 s

is
te

m
a.

 

𝑄
𝑐
𝑣
−
𝑓
𝑙𝑢
𝑖𝑑
=
𝑚
𝑤
∗
( ℎ
𝑜
𝑢
𝑡
−
ℎ
𝑖𝑛
)  
(5
) 

 



 
 

  

3
9
 

 3.
1.

1 
A

n
ál

is
is

 d
et

al
la

d
o

 d
e 

ca
d

a 
té

rm
in

o
 

S
e 

p
ro

ce
d
er

á 
a 

d
es

ar
ro

ll
ar

 c
ad

a 
té

rm
in

o
 d

e 
fo

rm
a 

m
ás

 d
et

al
la

d
a.

 

L
as

 e
cu

ac
io

n
es

 d
el

 a
n
ál

is
is

 d
e 

co
n
v
ec

ci
ó
n
 d

el
 g

as
 r

es
id

u
al

 h
an

 s
id

o
 t

o
m

ad
as

 d
el

 a
rt

íc
u
lo

 c
ie

n
tí

fi
co

 

‘M
o
d
el

li
n

g
 o

f 
P

a
ra

b
o
li

c 
T

ro
u

g
h

 D
ir

ec
t 

S
te

a
m

 G
en

er
a
ti

o
n

 S
o
la

r 
C

o
ll

ec
to

rs
’ 

(S
.D

. 
O

d
ea

h
 e

t 
al

, 
1
1
 

Ju
n
e 

1
9
9
7
) 

𝑄
𝑐
𝑣
−
𝑎
𝑏
=
ℎ
𝑐
𝑣
−
𝑎
𝑏
∗
( 𝑇
𝑎
𝑏
−
𝑇 𝑐
𝑟
)
∗
𝐴
𝑎
𝑏
 (
6
) 

 E
l 

co
ef

ic
ie

n
te

 d
e 

tr
an

sf
er

en
ci

a 
p
o
r 

co
n
v

en
ci

ó
n

 e
s 

o
b
te

n
id

o
 c

o
n
 l

a 
si

g
u
ie

n
te

 c
o
rr

el
ac

ió
n
 d

ad
a 

p
o

r 

R
at

ze
l 

et
 a

l,
 (

1
9
7
9
):

 

 

ℎ
𝑐
𝑣
−
𝑎
𝑏
=

𝐾
𝑎
𝑖𝑟

(𝐷
𝑎
𝑏

2
)
∗
ln
(
𝐷
𝑐
𝑟

𝐷
𝑎
𝑏
)
+
𝐵
∗
𝜆
∗
[(
𝐷
𝑎
𝑏

𝐷
𝑐
𝑟
)
+
1
] (
7
) 

𝐵
=
2
−
𝐶

𝐶
∗
[
9
𝛾
−
5

2
∗
( 𝛾
+
1
)]
 (
8
) 

 

ϒ
 e

s 
el

 c
o
ef

ic
ie

n
te

 d
e 

d
il

at
ac

ió
n
 a

d
ia

b
át

ic
a 

y
 e

s 
ap

ro
x

im
ad

o
 a

 1
.4

, 
C

 s
e 

to
m

a 
co

m
o
 1

, 
se

 t
o
m

ar
á 

es
te

 v
al

o
r 

a 
n
o
 s

er
 q

u
e 

la
 s

u
p
er

fi
ci

e 
d

el
 c

ap
ta

d
o

r 
es

te
 m

u
y
 l

im
p
ia

. 

 

𝜆
=
2
.3
3
1
∗
1
0
−
1
0
∗

𝑇 𝑚
𝑃
∗
𝛿
2
 (
9
) 

 

𝑇 𝑚
=

𝑇
𝑎
𝑏
+
𝑇 𝑐
𝑟

2
  
(1

0
) 

 

V
a

ri
a

b
le

 
D

e
sc

ri
p

ci
ó

n
 

h
cv

-a
b

 [
J/

K
*m

2
] 

C
o

ef
ic

ie
n

te
 

co
n

ve
ct

iv
o

 
d

e 
la

 
cá

m
ar

a 
in

te
rn

a 
T

a
b

 [
K

] 
T

em
p

er
at

u
ra

 d
el

 a
b

so
rb

ed
o

r 
T

cr
[K

] 
T

em
p

er
at

u
ra

 d
el

 c
ri

st
al

 
A

a
b

 [
m

2
] 

Á
re

a 
d

el
 a

b
so

rb
ed

o
r 

K
H

2
 [

W
/

m
*K

] 
C

o
n

d
u

ct
iv

id
ad

 d
el

 h
id

ró
ge

n
o

 
D

a
b

 [
m

] 
D

iá
m

et
ro

 d
el

 a
b

so
rb

ed
o

r 
D

cr
 [

m
] 

D
iá

m
et

ro
 d

el
 c

ri
st

al
 

B
 

P
ar

ám
et

ro
 d

e 
la

 c
o

rr
el

ac
ió

n
 

Λ
 

P
ar

ám
et

ro
 d

e 
la

 c
o

rr
el

ac
ió

n
 

C
 

C
o

ef
ic

ie
n

te
 d

e 
li

m
p

ie
za

 
γ

  
C

o
ef

ic
ie

n
te

 d
e 

d
il

at
ac

ió
n

 a
d

ia
b

át
ic

a 
T

m
 [

K
] 

T
em

p
er

at
u

ra
 m

ed
ia

 e
n

tr
e 

ab
so

rb
ed

o
r 

y 
cr

is
ta

l. 
P

 [
m

m
H

g
] 

P
re

si
ó

n
 d

e 
tr

ab
aj

o
 e

n
 m

m
H

g 
δ

 [
m

] 
D

iá
m

et
ro

 m
o

le
cu

la
r 

d
el

 h
id

ró
ge

n
o

 

T
ab

la
 4

 P
ar

ám
et

ro
s 

d
e 

la
 c

o
rr

el
ac

ió
n
 d

e 
R

at
ze

l 

  



 

M
o
d
el

o
 u

sa
d
o
 p

ar
a 

el
 a

n
ál

is
is

 d
el

 c
il

in
d
ro

 p
ar

ab
ó
li

co
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 P
ar

a 
el

 a
n
ál

is
is

 d
e 

la
 c

o
n
v

ec
ci

ó
n
 e

n
 e

l 
ex

te
ri

o
r 

es
 n

ec
es

ar
io

 c
al

cu
la

r 
u
n
 c

o
ef

ic
ie

n
te

 d
e 

tr
an

sf
er

en
ci

a 

p
ar
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 c
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 d
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 d
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 d
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 c
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 c
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∗
𝐿
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𝑄
𝑐
𝑜
𝑛
𝑣
𝑐
𝑟
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ℎ
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𝑣
−
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𝑟
∗
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𝑐
𝑟
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d
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 c
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 c
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 c
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 c
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 c
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p
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 d
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∗
(𝑇
𝑎
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−
𝑇 𝑠
𝑘
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4
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1
−
휀 𝑎
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∗
휀 𝑎
𝑏
+

1
𝐴
𝑎
𝑏
∗
𝐹 𝑎
𝑏
−
𝑐
𝑟
+
1
−
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∗
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∗
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𝑟

 (
1
4
) 

  



 
 

  

4
1
 

 

V
a

ri
a

b
le

 
D

e
sc

ri
p

ci
ó

n
 

σ
B

 
C

o
n

st
an

te
 d

e 
S

te
fa

n
 B

o
lt

zm
an

 
T

sk
y

 
T

em
p

er
at

u
ra

 c
ie

lo
 

T
a

b
 

T
em

p
er

at
u

ra
 d

el
 a

b
so

rb
ed

o
r 

ε a
b
 

E
m

is
iv

id
ad

 d
el

 a
b

so
rb

ed
o

r 
ε c

r 
E

m
is

iv
id

ad
 d

el
 c

ri
st

al
 

F
a

b
-c

r 
F

ac
to

r 
d

e 
fo

rm
a 

en
tr

e 
ab

so
rb

ed
o

r 
y 

cr
is

ta
l 

A
a

b
 

Á
re

a 
d

el
 a

b
so

rb
ed

o
r 

A
cr

 
Á

re
a 

d
el

 c
ri

st
al

 

T
ab

la
 7

 V
ar

ia
b
le

s 
d
el

 i
n
te

rc
am

b
io

 r
ad

ia
n
te

 

S
o
n
 d
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b
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 c
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 d
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a 
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 d
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 c
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R
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R
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C
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.D
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d
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1
1
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1
9
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𝑇 𝑠
𝑘
𝑦
=
휀 𝑐
𝑖𝑒
𝑙𝑜

0
.2
5
∗
𝑇 𝑎
𝑚
𝑏
  (
1
5
) 

휀 𝑠
𝑘
𝑦
=
0
.7
1
1
+
0
.5
6
(
𝑡𝑑
𝑝

1
0
0
)
+
0
.7
3
∗
(
𝑡𝑑
𝑝

1
0
0
)2
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1
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b
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 c
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 d
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 c
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b
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m
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 d
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 d
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=
ℎ 𝑓
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b
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 d
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 d
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 d
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 c
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 c
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 d
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 d
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𝑐
𝑣
−
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.0
2
3
∗
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𝑒
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𝜌
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𝐷
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𝐶
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𝑙
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d
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 p
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el
 a

g
u
a 

so
lo

 s
u
fr

e 
d
o
s 

re
g
ím

en
es

 p
o
r 

el
 p

as
o

 d
el

 

ab
so

rb
ed

o
r.

 E
st

a 
su

p
o
si

ci
ó
n
 e

st
á 

h
ec

h
a 

te
n
ie

n
d
o
 e

n
 c

u
en

ta
 q

u
e 

es
to

s 
d
o
s 

re
g
ím

en
es

 s
ie

m
p
re

 e
st

án
 

p
re

se
n
te

s 
en

 e
l 

ca
m

b
io

 d
e 

fa
se

 d
el

 a
g
u
a 

y
 s

o
n
 l

o
s 

m
ás

 d
o
m

in
an

te
s.

 

 



 
 

  

4
3
 

 

P
o
r 

u
n
 l

ad
o
, 

te
n

em
o
s 

la
 e

b
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p
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 p
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m
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 d
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ó
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 p
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ó
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 d
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 d
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p
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ó
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 c
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d
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ó
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a 
d
e 

lo
s 

re
g
ím

en
es

 s
e 

im
p
le

m
en

tó
 u

n
 m

o
d
el

o
 e

st
át

ic
o
 m

ed
ia

n
te

 e
l 

p
ro

g
ra

m
a 

E
E

S
 q

u
e 

p
er

m
it

e 
la

 s
im

u
la

ci
ó
n
 p

ar
a 

u
n
as

 

co
n
d
ic

io
n
es

 c
o
n
cr

et
as

, 
si

en
d
o
 i
m

p
o
si

b
le

 u
n
 a

n
ál

is
is

 d
in

ám
ic

o
. 
 

H
ay

 q
u
e 

te
n
er

 e
n
 c

u
en

ta
 t

am
b
ié

n
 q

u
e 

el
 m

o
d
el

o
 e

st
á 

li
m

it
ad

o
 s

o
lo

 a
 d

o
s 

re
g
ím

en
es

 d
e 

eb
u
ll

ic
ió

n
, 

eb
u
ll

ic
ió

n
 n

u
cl

ea
d
a 

y
 e

n
 p

el
íc

u
la

. 
D

ic
h
o
s 

re
g
ím

en
es

 s
ie

m
p
re

 s
e 

d
an

 e
n
 l

a 
eb

u
ll

ic
ió

n
 d

el
 a

g
u
a 

y
 

co
m

p
o
n
en

 e
l 

in
ic

io
 y

 e
l 

fi
n
al

 d
e 

la
 e

b
u
ll

ic
ió

n
 s

ie
n
d
o
 l

a 
tr

an
si

ci
ó
n
 d

e 
u
n
o
 o

tr
o
 d

o
n
d
e 

se
 p

ro
d
u
ci

rí
an

 e
l 

re
st

o
 d

e 
et

ap
as

, 
la

s 
cu

al
es

 d
ep

en
d
en

 d
e 

la
s 

co
n
d
ic

io
n
es

 e
n
 l

a 
q
u
e 

se
 d

é 
la

 e
b
u
ll

ic
ió

n
 d

e 
q
u
e 

ap
ar

ez
ca

n
 

o
 n

o
. 

biblioteca
Nota adhesiva



 
 

  

7
1
 

E
s 

p
o
r 

el
lo

, 
q
u
e 

la
 p

ri
m

er
a 

n
ec

es
id

ad
 a

 e
je

cu
ta

r 
se

ri
a 

re
p
ro

d
u
ci

r 
la

s 
co

n
d
ic

io
n
es

 d
el

 c
as

o
 b

as
e 

en
 u

n
 

b
an

co
 d

e 
en

sa
y
o
s 

y
 o

b
se

rv
ar

 c
u
an

to
 d

if
ie

re
n
 l
o
s 

d
at

o
s 

d
e 

si
m

u
la

ci
ó
n
 r

es
p
ec

to
 a

 l
a 

re
al

id
ad

. 
C

o
n
 e

l 
fi

n
 

d
e 

co
m

p
ro

b
ar

 s
i 
la

 s
im

p
li

fi
ca

ci
ó
n
 d

e 
la

 e
b
u
ll

ic
ió

n
 s

e 
p
u
ed

e 
d
ar

 p
o
r 

v
ál

id
a.

 

  
  

C
o
n
 e

l o
b
je

ti
v
o
 d

el
 e

st
u
d
io

 d
el

 m
o
d
el

o
, s

e 
ll

ev
ó
 a

 c
ab

o
 u

n
 a

n
ál

is
is

 d
e 

se
n
si

b
il

id
ad

. E
l f

in
 h

a 
si

d
o
 o

b
te

n
er

 

cu
al

es
 s

o
n
 lo

s 
p
ar

ám
et

ro
s 

d
e 

d
is

eñ
o
 q

u
e 

m
ás

 a
fe

ct
an

 a
l c

o
m

p
o
rt

am
ie

n
to

 d
el

 m
o
d
el

o
 p

ar
a 

d
ed

ic
ar

 m
ay

o
r 

at
en

ci
ó
n
 c

u
an

d
o
 s

e 
p
u
ed

a 
re

al
iz

ar
 u

n
a 

p
o
si

b
le

 e
je

cu
ci

ó
n
 r

ea
l 
en

 a
lg

ú
n
 s

ec
to

r 
in

d
u
st

ri
al

. 

U
n
 p

ri
m

er
 h

ec
h
o
 a

 d
es

ta
ca

r 
es

 l
a 

v
ar

ia
ci

ó
n
 d

e 
p
re

si
ó
n
 d

e 
en

tr
ad

a 
d
el

 f
lu

id
o
. S

e 
o
p
to

 p
o
r 

to
m

ar
 2

0
 b

ar
es

 

co
m

o
 l
a 

p
re

si
ó
n
 d

e 
d
is

eñ
o
, 
a 

d
if

er
en

ci
a 

d
e 

lo
s 

ci
cl

o
s 

d
e 

p
o
te

n
ci

a 
en

 l
o
s 

q
u
e 

se
 r

eq
u
ie

re
 a

lt
as

 p
re

si
o
n
es

, 

el
 s

ec
to

r 
in

d
u
st

ri
al

 q
u
e 

se
 h

a 
p
re

v
is

to
 l
a 

u
ti

li
za

ci
ó
n
 d

el
 c

il
in

d
ro

 p
ar

ab
ó
li

co
, m

ay
o
r 

m
en

te
 a

li
m

en
ta

ri
o
 y

 

d
e 

p
u
lp

a,
 n

o
 r

eq
u
ie

re
 u

n
 v

ap
o
r 

a 
u
n
a 

al
ta

 p
re

si
ó
n
, 
si

n
o
 m

ed
ia

-b
aj

a.
 

C
o
n
 l

as
 s

im
u
la

ci
o
n
es

 r
ea

li
za

d
as

, 
su

p
o
n
ie

n
d
o
 q

u
e 

n
o
 h

ay
 p

ér
d
id

as
 d

e 
p
re

si
ó
n
, 

se
 o

b
tu

v
o
 e

l 
p
er

fi
l 

d
e 

te
m

p
er

at
u
ra

s 
p
ar

a 
el

 c
as

o
 l
a 

p
re

si
ó
n
 v

ar
ia

se
 u

n
 r

an
g
o
 d

e 
±

5
 b

ar
. 
E

st
a 

v
ar

ia
ci

ó
n
 d

e 
p
re

si
ó
n
 n

o
 a

fe
ct

a 
el

 

n
iv

el
 e

n
er

g
ét

ic
o
 o

b
te

n
id

o
, 

la
 t

em
p
er

at
u
ra

 d
e 

sa
tu

ra
ci

ó
n
 s

e 
v
e 

p
o
co

 a
fe

ct
ad

a 
al

 s
er

 l
a 

v
ar

ia
ci

ó
n
 d

e 

p
re

si
ó
n
 p

o
ca

 y
 l
a 

te
m

p
er

at
u
ra

 a
 l
a 

sa
li

d
a 

d
e 

v
ap

o
r 

es
 p

rá
ct

ic
am

en
te

 i
g
u
al

. 
P

o
r 

lo
 q

u
e 

en
 l
a 

o
p
er

ac
ió

n
 s

i 

la
 p

re
si

ó
n
 d

e 
tr

ab
aj

o
 n

o
 s

u
fr

e 
u
n
a 

al
ta

 v
ar

ia
ci

ó
n
, 
la

s 
co

n
d
ic

io
n
es

 a
 l
a 

sa
li

d
a 

d
el

 c
ap

ta
d
o
r 

se
 v

er
án

 p
o
co

 

af
ec

ta
d
as

. 

U
n
 f

ac
to

r 
m

u
y
 i
m

p
o
rt

an
te

 e
n
 e

l 
d
im

en
si

o
n
ad

o
 d

e 
la

 i
n
st

al
ac

ió
n
 d

eb
e 

se
r 

la
 l
o
n
g
it

u
d
. S

e 
h
a 

co
m

p
ro

b
ad

o
 

co
m

o
 s

in
 a

lt
er

ar
 e

l 
ca

u
d
al

 u
n
a 

v
ar

ia
ci

ó
n
 d

el
 2

0
%

 s
o
b
re

 l
a 

lo
n
g
it

u
d
 d

e 
d
is

eñ
o
 a

fe
ct

a 
im

p
o
rt

an
te

m
en

te
 

a 
la

 o
b
te

n
ci

ó
n
 d

e 
v
ap

o
r,

 s
ie

n
d
o
 i

n
cl

u
so

 p
o
si

b
le

 q
u
e 

n
o
 s

e 
ll

eg
u
e 

a 
o
b
te

n
er

 v
ap

o
r 

sa
tu

ra
d
o
, 

si
n
o
 u

n
a 

m
ez

cl
a 

b
if

ás
ic

a.
 P

o
r 

lo
 q

u
e 

el
 n

iv
el

 e
n
er

g
ét

ic
o
 p

ar
a 

el
 p

ro
ce

so
 i

n
d
u
st

ri
al

 p
u
d
ie

ra
 s

er
 q

u
e 

n
o
 s

e 

al
ca

n
za

se
. S

e 
d
eb

e 
re

sa
lt

ar
 la

 im
p
o
rt

an
ci

a 
d
e 

es
te

 p
ar

ám
et

ro
, y

a 
q
u
e 

si
n
 u

n
 a

d
ec

u
ad

o
 d

im
en

si
o
n
am

ie
n
to

 

n
o
 s

e 
o
b
te

n
d
rí

a 
el

 v
ap

o
r 

y
 a

l 
se

r 
u
n
 p

ar
ám

et
ro

 f
ij

o
 u

n
a 

co
rr

ec
ci

ó
n
 s

o
b
re

 e
st

e 
su

p
o
n
d
rí

a 
re

al
iz

ar
 u

n
 

n
u
ev

o
 p

ro
y
ec

to
. 

A
u
n
 a

sí
, 
co

m
o
 s

e 
h
a 

p
o
d
id

o
 c

o
m

p
ro

b
ar

 c
o
n
 l

as
 s

im
u
la

ci
o
n
es

, 
en

 e
l 

ca
so

 d
e 

q
u
e 

d
ad

o
 l

as
 c

o
n
d
ic

io
n
es

 

am
b
ie

n
ta

le
s 

u
n
 f

u
er

an
 l

as
 i

d
ó
n
ea

s 
y
 l

a 
lo

n
g
it

u
d
 p

ro
y
ec

ta
d
a 

se
 q

u
ed

as
e 

co
rt

a,
 r

ed
u
ci

en
d
o
 e

l 
ca

u
d
al

 s
e 

p
u
ed

e 
ll

eg
ar

 a
 c

o
n
se

g
u
ir

 v
ap

o
r 

so
b
re

ca
le

n
ta

d
o
. 

S
in

 e
m

b
ar

g
o
, 

au
n
q
u
e 

la
 t

en
d
en

ci
a 

d
e 

la
 t

em
p
er

at
u
ra

 

re
sp

ec
to

 a
 l

a 
re

d
u
cc

ió
n
 d

e 
ca

u
d
al

 s
ea

 e
x
p
o
n
en

ci
al

, 
el

 n
iv

el
 e

n
er

g
ét

ic
o
 d

is
m

in
u
y
e 

y
a 

q
u
e 

la
 m

as
a 

d
e 

fl
u
id

o
 e

s 
m

en
o
r.

 P
o
r 

lo
 q

u
e 

u
n
a 

p
o
si

b
le

 r
ec

o
m

en
d
ac

ió
n
 s

er
ia

 d
im

en
si

o
n
al

iz
ar

 l
a 

lo
n
g
it

u
d
 c

o
n
 u

n
 c

ie
rt

o
 

m
ar

g
en

 d
e 

se
g
u
ri

d
ad

 o
 e

l 
ca

u
d
al

, 
d
e 

fo
rm

a 
q
u
e 

an
te

 u
n
a 

v
ar

ia
ci

ó
n
 d

e 
la

s 
co

n
d
ic

io
n
es

 e
x
te

ri
o
re

s 
se

 

p
u
d
ie

ra
 s

eg
u
ir

 c
u
b
ri

en
d
o
 e

l 
n
iv

el
 e

n
er

g
ét

ic
o
 s

o
li

ci
ta

d
o
. 

P
o
r 

o
tr

o
 l

ad
o
, 

la
 o

b
te

n
ci

ó
n
 d

e 
la

 d
ep

en
d
en

ci
a 

d
el

 r
en

d
im

ie
n
to

 r
es

p
ec

to
 a

 l
a 

Ir
ra

d
ia

n
ci

a 
m

u
es

tr
a 

q
u
e 

ex
is

te
 u

n
 p

u
n
to

 e
n
 e

l 
q
u
e 

la
s 

p
ér

d
id

as
 s

e 
eq

u
il

ib
ra

n
 a

 l
as

 g
an

an
ci

as
 y

 s
e 

ti
en

d
e 

a 
u
n
a 

ef
ic

ie
n
ci

a 
d
el

 7
0
%

. 

E
s 

m
ás

, 
u
n
 a

u
m

en
to

 e
n
 a

 l
a 

ir
ra

d
ia

n
ci

a 
p
o
si

b
le

m
en

te
 p

ro
d
u
zc

a 
la

 d
is

m
in

u
ci

ó
n
 d

e 
la

 e
fi

ci
en

ci
a,

 y
a 

q
u
e 

la
s 

g
an

an
ci

as
 r

es
p
ec

to
 a

 la
s 

p
ér

d
id

as
 a

u
m

en
ta

n
 d

eb
id

o
 a

 q
u
e 

el
 m

o
d
el

o
 s

e 
en

cu
en

tr
a 

ce
rc

an
o
 a

 u
n
 p

u
n
to

 

d
e 

sa
tu

ra
ci

ó
n
, p

o
r 
lo

 q
u
e 

h
ac

e 
q
u
e 

n
o
 s

e 
ap

ro
v
ec

h
e 

la
 e

n
er

g
ía

 d
is

p
o
n
ib

le
 a

u
m

en
tá

n
d
o
se

 a
sí

 la
s 

p
er

d
id

as
. 

 C
o
n
tr

as
ta

n
d
o
 l
o
s 

d
at

o
s 

d
e 

la
 s

im
u
la

ci
ó
n
, s

e 
h
a 

o
b
te

n
id

o
 q

u
e 

el
 p

ar
ám

et
ro

 d
el

 d
iá

m
et

ro
 e

x
te

ri
o
r,

 e
s 

d
ec

ir
 

el
 
d
el

 
cr

is
ta

l,
 
n
o
 
es

 
li

m
it

an
te

 
p
ar

a 
el

 
co

m
p
o
rt

am
ie

n
to

 
d
el

 
m

o
d
el

o
. 

S
e 

ll
ev

ar
o
n
 
a 

ca
b
o
 
d
iv

er
sa

s 

si
m

u
la

ci
o
n
es

 e
n
 l

as
 q

u
e 

el
 d

iá
m

et
ro

 a
u
m

en
ta

d
a 

y
 d

is
m

in
u
ía

 d
e 

fo
rm

a 
q
u
e 

la
 c

ám
ar

a 
in

te
ri

o
r 

se
 v

eí
a 

al
te

ra
d
a.

 S
e 

p
u
ed

e 
co

n
cl

u
ir

 q
u
e 

u
n
a 

al
te

ra
ci

ó
n
 d

e 
es

ta
, 

d
eb

id
o
 a

 l
a 

v
ar

ia
ci

ó
n
 d

el
 d

iá
m

et
ro

 e
x
te

ri
o
r 

ap
en

as
 a

fe
ct

a 
a 

la
 t

ra
n
sm

is
ió

n
 d

e 
ca

lo
r 

al
 f

lu
id

o
 i

n
te

ri
o
r.

 S
e 

q
u
is

o
 e

st
u
d
ia

r 
u
n
 c

as
o
 e

x
tr

em
o
 e

n
 e

l 
q
u
e 

se
 a

u
m

en
ta

b
a 

el
 d

iá
m

et
ro

 u
n
 1

4
0
%

 r
es

p
ec

to
 a

l 
ca

so
 b

as
e,

 y
 s

o
lo

 s
e 

d
is

m
in

u
y
ó
 l

a 
te

m
p
er

at
u
ra

 e
x
te

ri
o
r 

u
n
o
s 

g
ra

d
o
s 

k
el

v
in

. E
s 

p
o
r 

el
lo

 m
ie

n
tr

as
 q

u
e 

la
 c

ám
ar

a 
in

te
rn

a 
ai

sl
é 

al
 t
u
b
o
 m

et
ál

ic
o
 d

e 
u
n
a 

co
n
v
ec

ci
ó
n
 

co
n
 e

l 
ex

te
ri

o
r 

u
n
 a

u
m

en
to

 o
 d

is
m

in
u
ci

ó
n
 d

e 
es

te
 a

p
en

as
 a

ñ
ad

e 
cu

al
q
u
ie

r 
fe

n
ó
m

en
o
 s

ig
n
if

ic
at

iv
o
 a

l 

co
m

p
o
rt

am
ie

n
to

 d
el

 m
o
d
el

o
. 

 



 

C
o
n
cl

u
si

ó
n
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P
o
r 

o
tr

o
 l
ad

o
, 
se

 h
a 

p
o
d
id

o
 o

b
se

rv
ar

 q
u
e 

el
 d

iá
m

et
ro

 i
n
te

ri
o
r 

si
 q

u
e 

es
 u

n
 p

ar
ám

et
ro

 m
u
y
 l

im
it

an
te

 e
n
 

el
 c

o
m

p
o
rt

am
ie

n
to

 e
n
 l

a 
si

m
u
la

ci
ó
n
. 

U
n
a 

d
is

m
in

u
ci

ó
n
 d

e 
u
n
 7

%
 r

es
p
ec

to
 a

l 
d
iá

m
et

ro
 d

el
 c

as
o
 b

as
e,

 

h
ac

e 
d
is

m
in

u
ir

 l
a 

te
m

p
er

at
u
ra

 d
el

 v
ap

o
r 

o
b
te

n
id

o
 e

n
 1

0
0
 g

ra
d
o
s 

K
el

v
in

. 
S

i 
la

 d
is

m
in

u
ci

ó
n
 e

s 
aú

n
 

m
ay

o
r 

p
ro

d
u
ce

 q
u
e 

la
 s

u
p
er

fi
ci

e 
d
e 

tr
an

sf
er

en
ci

a 
h
ay

a 
d
is

m
in

u
id

o
 d

em
as

ia
d
o
 p

o
r 

lo
 q

u
e 

a 
la

 s
al

id
a 

n
o
 

se
 o

b
te

n
g
a 

v
ap

o
r 

so
b
re

ca
le

n
ta

d
o
, 
si

n
o
 u

n
a 

m
ez

cl
a 

b
if

ás
ic

a 
d
e 

ag
u
a 

lí
q
u
id

a 
y
 v

ap
o
r.

 

P
o
r 

el
 c

o
n
tr

ar
io

, e
l 
au

m
en

to
 d

el
 d

iá
m

et
ro

 h
ac

e 
au

m
en

ta
r 

la
 t
em

p
er

at
u
ra

 d
e 

a 
la

 s
al

id
a 

d
el

 v
ap

o
r,

 d
eb

id
o
 

al
 a

u
m

en
to

 d
el

 á
re

a 
ac

ti
v
a 

d
e 

tr
an

sf
er

en
ci

a.
 E

n
 e

l 
ca

so
 d

el
 a

u
m

en
to

 d
el

 á
re

a 
d
e 

tr
an

sf
er

en
ci

a,
 c

ab
e 

re
sa

lt
ar

 l
a 

p
o
si

b
il

id
ad

 d
e 

au
m

en
to

 d
el

 c
au

d
al

. 
D

e 
es

ta
 f

o
rm

a,
 a

u
n
q
u
e 

la
 t

em
p
er

at
u
ra

 a
 l

a 
sa

li
d
a 

b
aj

as
e 

se
 o

b
ti
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mu=viscosity(Water;x=0;P=P1)  
  
B=(sig^(0,5))*(mu^(0,29))*(Latent_1^(0,24))*(rho_v^(0,24)) 
A=(kfluid_2^(0,79))*(cp_2^(0,45))*(rho_w^(0,49))*(Te^(0,24))*((DELTAP)^(0,75)) 
  
h=0,00122*A/B 
hfb=0 
hr=0 
  
Goto 1 
  
4: {Coeficiete Film Boiling, correlacion de Broley} 
  
T_media=(Twall+T1)/2 
  
kv=conductivity(Steam;T=T_media;P=P1) 
rho_l=density(Water;x=0;P=P1) 
rho_va=density(Steam;T=T_media;P=P1) 
Latent_3=enthalpy_vaporization(Steam;T=T_media) 
cp3=cp(Steam;T=T_media;P=P1) 
mu_2=viscosity(Steam;T=T_media;P=P1) 
  
K=kv/Dabsorver 
L=g#*rho_va*(rho_l-rho_va) 
M=Dabsorver^(3) 
N=Latent_3+0,76*cp3*(Twall-T1) 
O=kv*mu_2*(Twall-T1)  
  
hfb=0,62*K*((L*M*N)/O)^(0,25)  
hr=emi_ab*sigma#*(Twall^(4)-T2^(4))/(Twall-T1) 
h=0 
  
Goto 1 
  
5: {Coeficiente vapor} 
  
mu_4=viscosity(Steam;T=T1;P=P1) 
  
Call pipeflow('water';T1;P1;mw;Dabsorver; x; 0 : ; ; ; ; ;Refluid4) 
  
h=0,023*Refluid4^(0,8)*prandtl(Water;T=T1;P=P1)^(0,4)*conductivity(Water;T=T1;P=P1)/Dabsorver  
hfb=0 
hr=0 
  
Goto 1 
  
1: {Fin} 
  
End  
  
Procedure longitud(long;x_1;x_2;x_3:Er1;Er2;Er3;Er4;x_4) 
  
Er1=0 
Er2=0 
Er3=0 
Er4=0 
  
If(x_1>long) Then Er1=1 
If(x_2+x_1>long) Then Er2=1 
If(x_3+x_2+x_1>long) Then Er3=1 
If (x_1+x_2+x_3>long) Then Goto 1: 
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