
Problema y sistema

DATOS

≔Temp 20 ≔Tempk =+20 273.2 293.2 ≔Qva 180 ――
m3

hr
＝vsup ⋅0.25 vmf La velocidad superficial e intersticial se refieren al agua, porque es el fluido que 

pasa mientras es un lecho fijo
La velocidad de mín fluidización y fluidización se refiere al NaCl porque es el 
momento en el que se fluidiza el lecho

≔δsn 1.10 ――
gm

cm 3
≔cp 0.01 poise ≔μsn 2.1 cp ＝vf ⋅0.5 vt

≔Dp 1 mm ≔Longp 2 mm ≔δp 1.5 ――
gm

cm 3
≔RM 75 ―――

⋅kg hr

m3

DESARROLLO 

INCISO A dimensionamiento del intercambiador
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A partir de Zaki se obtiene la vf, la porosidad de fluid y la vt del NaCl

≔Ar ⎛⎝ ,,δp δF μF⎞⎠ ―――――――
⋅⋅⋅δF DSV

3 g ⎛⎝ -δp δF⎞⎠

μF
2

≔Arsn =Ar ⎛⎝ ,,δp δsn μsn⎞⎠ ⋅1.691 103

Correlación Richardson - Zaki
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≔n 10

＝⋅0.015 Arsn
0.5 ―――

-4.8 n
-n 2.4

≔n =find ((n)) 3.884

Si no se tuviera la relación entre vf y vt habría que hacer un sistema de ecuaciones 
con Wen Yu o Chitester y en Ar usar la vf y porosidad de f en vez de min f

≔k 0.8
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≔εf 0.1

＝0.5 ⋅k εf
n

≔εf =find ⎛⎝εf⎞⎠ 0.886

＝vf ⋅0.5 vt

＝vf ⋅⋅vt k εf
n
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≔εf 0.1

＝0.5 ⋅k εf
n

≔εf =find ⎛⎝εf⎞⎠ 0.886

≔Rep ⎛⎝ ,,,DV δF vt μF⎞⎠ ――――
⋅⋅δF vt DV

μF

≔CD⎛⎝ ,,,,DV δF vt μF ψ⎞⎠ +⋅――――――
24

Rep⎛⎝ ,,,DV δF vt μF⎞⎠

⎛
⎝ +1 ⋅⎛⎝ ⋅8.171 e ⋅-4.0655 ψ⎞⎠ ⎛⎝Rep⎛⎝ ,,,DV δF vt μF⎞⎠⎞⎠

+0.0964 ⋅0.5565 ψ⎞
⎠ ――――――――――――

⋅⋅73.69 ⎛⎝e ⋅-5.0748 ψ⎞⎠ Rep⎛⎝ ,,,DV δF vt μF⎞⎠
+Rep⎛⎝ ,,,DV δF vt μF⎞⎠ ⋅5.378 e ⋅6.2122 ψ
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≔vt 1 ―
m
s

＝vt
‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾2

⋅―
4
3

――――――――
⋅⋅DV g ⎛⎝ -δp δF⎞⎠

⋅δF CD ⎛⎝ ,,,,Dp δF vt μF ψ⎞⎠

≔vt ⎛⎝ ,,,,DV δF μF ψ δp⎞⎠ find ⎛⎝vt⎞⎠

≔vt =vt ⎛⎝ ,,,,DV δsn μsn ψ δp⎞⎠ 5.31 ――
cm
s

≔vf =⋅0.5 vt 2.655 ――
cm
s

A partir de las correlaciones de Wen Yu o Chitester se obtiene vsup

=DSV 1200 μm Se usa Chitester

≔Repmf ⎛⎝ ,,,DSV δF vmf μF⎞⎠ ――――
⋅⋅δF vmf DSV

μF

≔C1 28.7 ≔C2 0.0494
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≔vmf 1 ―
m
s

＝Repmf ⎛⎝ ,,,DSV δsn vmf μsn⎞⎠ -⎛⎝ +C1
2 ⋅C2 Arsn⎞⎠

0.5

C1

≔vmf =find ⎛⎝vmf⎞⎠ 0.002 ―
m
s
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≔εmf 0.1

＝Arsn +⋅⋅150 ―――
⎛⎝ -1 εmf⎞⎠

εmf
3

⎛
⎜
⎝
―――――

⋅⋅DSV δsn vmf

μsn

⎞
⎟
⎠

⋅⋅175 ――
1

εmf
3

⎛
⎜
⎝
―――――

⋅⋅DSV δsn vmf

μsn

⎞
⎟
⎠

2

≔εmf =find ⎛⎝εmf⎞⎠ 0.634

≔vsup =⋅0.25 vmf 0.056 ――
cm
s

Dimensionamiento del intercambiador

≔δw ((Temp)) ⋅―――――――――――――――――――――――――――――――――――――――――――――
-+--+999.83952 ⋅16.945176 ((Temp)) ⋅⋅7.9870401 10-3 ((Temp))2 ⋅⋅46.170461 10-6 ((Temp))3 ⋅⋅105.56302 10-9 ((Temp))4 ⋅⋅280.54253 10-12 ((Temp))5

+1 ⋅⋅16.87950 10-3 ((Temp))

⎛
⎜
⎝
――
kg

m3

⎞
⎟
⎠

≔A ((Temp)) -――――――――――――――――――
1301

++998.333 ⋅8.1855 (( -Temp 20)) ⋅0.00585 (( -Temp 20))
2

1.3023

≔μ ((Temp)) ⋅⋅⋅1 10-3 10A ((Temp)) Pa s

≔δa =δw ((Temp)) 998.209 ――
kg

m3



≔δa =δw ((Temp)) 998.209 ――
kg

m3

≔μa =μ ((Temp)) 0.001 ――
kg
⋅m s

≔Go ⎛⎝δF⎞⎠ ⋅vsup δF ≔Qma =⋅Qva δa 49.91 ―
kg
s

≔DB =
‾‾‾‾‾‾‾‾2
――――

⋅4 Qma

⋅π Go ⎛⎝δa⎞⎠
10.617 m ≔Dinter =DB 10.617 m

=――
DSV

DB

⋅1.13 10-4

≔εB =++0.4 ⋅0.05
⎛
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⎞
⎟
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⎛
⎜
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⎞
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⎠
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0.4

≔mRe =⋅RM Qva
⎛⎝ ⋅1.35 104 ⎞⎠ kg ≔AB ―――

⋅π DB
2

4

≔Longinter =⋅―――――
mRe

⋅⋅AB δp ⎛⎝ -1 εf⎞⎠
1.2 1.07 m EL 1.2 ES EL FACTOR DE 

SEGURIDAD

INCISO b vsup y vinst

≔vsup =⋅0.25 vmf 0.565 ――
mm
s

≔vinters =――
vsup
εB

0.141 ――
cm
s

INCISO c caída de P en ablandamiento y regeneración, expansión del lecho

≔LongB =―――――
mRe

⋅⋅AB δp ⎛⎝ -1 εB⎞⎠
0.169 m

≔Longinter =⋅―――――
mRe

⋅⋅AB δp ⎛⎝ -1 εf⎞⎠
1.2 1.07 m

≔Longfluid =―――――
mRe

⋅⋅AB δp ⎛⎝ -1 εf⎞⎠
0.892 m



≔Longfluid =―――――
mRe

⋅⋅AB δp ⎛⎝ -1 εf⎞⎠
0.892 m

≔Longmf =――――――
mRe

⋅⋅AB δp ⎛⎝ -1 εmf⎞⎠
0.278 m

GE: GRADO DE EXPANSIÓN
≔GE =⋅――――――

-Longinter LongB
Longinter

100 84.172

≔GE =⋅―――――――
-Longinter Longfluid

Longinter
100 16.667

≔GE =⋅――――――
-Longinter Longmf

Longinter
100 74.054

≔ΔPablandamiento ⎛⎝ ,μF δF⎞⎠ ⋅
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⎜
⎜
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μF
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2

―――
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2

⎞
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=ΔPablandamiento ⎛⎝ ,μa δa⎞⎠ 56.914 Pa

≔ΔPmf ⎛⎝δF⎞⎠ ⋅⋅⋅⎛⎝ -1 εmf⎞⎠ Longmf g ⎛⎝ -δp δF⎞⎠

=ΔPmf ⎛⎝δsn⎞⎠ 398.767 Pa

≔ΔPf ⎛⎝δF⎞⎠ ⋅⋅⋅⎛⎝ -1 εf⎞⎠ Longfluid g ⎛⎝ -δp δF⎞⎠

=ΔPf ⎛⎝δsn⎞⎠ 398.767 Pa

INCISO d campo de existencia del lecho

=――
vt
vmf

23.504


