
Problema y sistema

DATOS

≔Qms 20500 ―
kg
hr

≔ws 0.15 ≔TempCin 10 ≔TempCout 40 ≔Nt 8

≔TempHin 80 ≔TempHout 45 ≔TempHink =+TempHin 273.2 353.2
Intercambiador múltiple tubo
Fluido de servicio: agua
Fluido de trabajo: salmuera
ánulo Dnom: 3.5in
tubo Dnom: 3/4 in 
BWG 14 Acero SS

≔Longt 6 m ≔kwall =16.27 ―――
W
⋅m Δ°C

16.27 ―――
⋅kg m

⋅s3 K
≔ε ⋅4.5 10-5 m

≔Ds =-3.5 in (( ⋅2 2.11 mm)) 3.334 in

≔Do =―
3
4

in 19.05 mm ≔Din =-Do (( ⋅2 2.11 mm)) 0.584 in

≔Rad =+0.0005 ―――
⋅m2 Δ°C
W

0.0001 ―――
⋅m2 Δ°C
W

⎛⎝ ⋅6 10-4⎞⎠ ――
⋅s3 K
kg

≔η 0.8

DESARROLLO 

INCISO A n° de horquillas y caída d presión

Ecuaciones



Ecuaciones

≔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

⎞
⎟
⎠

≔B ((Temp)) ―――――――――――――――
-⋅1.3272 (( -20 Temp)) ⋅0.001053 (( -Temp 20))

2

+Temp 105

≔μw ((Temp)) ⋅⋅⋅⋅1.002 10-3 10B ((Temp)) Pa s

≔C1 =―――
276370
18.0153

⋅1.534 104 ≔C2 =―――
-2090.1
18.0153

-116.018 ≔C3 =―――
8.125

18.0153
0.451

≔C4 =――――
-0.014116
18.0153

⋅-7.836 10-4 ≔C5 =――――
⋅9.3701 10-6

18.0153
⋅5.201 10-7

≔cPw ((Temp)) ⎛⎝ ++++C1 ⋅C2 Temp ⋅C3 Temp2 ⋅C4 Temp3 ⋅C5 Temp4 ⎞⎠ ―――
J
⋅kg Δ°C

≔S1 -0.432 ≔S2 0.0057255 ≔S3 -0.000008078 ≔S4 ⋅1.861 10-9 ≔S5 0

≔kw ((Temp)) ⎛⎝ ++++S1 ⋅S2 Temp ⋅S3 Temp2 ⋅S4 Temp3 ⋅S5 Temp4 ⎞⎠ ―――
W
⋅m Δ°C

≔D0 -0.003241 ≔D1 0.063635 ≔D2 1.013714 ≔D3 0.014595 ≔D4 3317.349

≔δap(( ,ws Temp)) ⋅―――――――――――――
⋅⎛⎝ +⋅ws D0 D1⎞⎠ exp

⎛
⎝ ⋅⋅1 10-6 ⎛⎝ +Temp D4⎞⎠

2 ⎞
⎠

⎛⎝ ++ws D2 ⋅Temp D3⎞⎠

⎛
⎜
⎝
――
kg

m3

⎞
⎟
⎠

≔δsol ⎛⎝ ,,ws δap Temp⎞⎠
⎛
⎜
⎝

+
⎛
⎜
⎝
―――――

ws
δap (( ,ws Temp))

⎞
⎟
⎠

――――
(( -1 ws))

δw ((Temp))

⎞
⎟
⎠

-1

≔V1 16.221789 ≔V2 1.322931 ≔V3 1.484860 ≔V4 0.007469 ≔V5 30.780201 ≔V6 2.0582685

≔μap(( ,ws Temp)) ―――――――

exp
⎛
⎜
⎜⎝
―――――

+⋅V1 wsV2 V3

+⋅Temp V4 1

⎞
⎟
⎟⎠

⎛⎝ +⋅V5 wsV6 1⎞⎠

≔μsol (( ,ws Temp)) ⋅⋅μap (( ,ws Temp))
ws ⎛

⎜
⎝

⋅μw ((Temp)) 1000 ――
⋅m s

kg

⎞
⎟
⎠

(( -1 ws))

10-3 ――
kg
⋅m s



≔μsol (( ,ws Temp)) ⋅⋅μap (( ,ws Temp))
ws ⎛

⎜
⎝

⋅μw ((Temp)) 1000 ――
⋅m s

kg

⎞
⎟
⎠

(( -1 ws))

10-3 ――
kg
⋅m s

≔a1 -0.06936 ≔a2 -0.07821 ≔a3 3.847985 ≔a4 -11.2762 ≔a5 8.731877 ≔a6 1.812459

≔α (( ,ws Temp)) ++⋅a2 Temp ⋅a3 exp(( ⋅0.01 Temp)) ⋅a4 ws

≔cPi(( ,,α ws Temp)) ⎛⎝ +⋅a1 exp((α(( ,ws Temp)))) ⋅a5 wsa6⎞⎠ ―――
J
⋅kg Δ°C

≔cPsol ⎛⎝ ,,,α ws Temp cPw⎞⎠ +⋅(( -1 ws)) cPw ((Temp)) ⋅ws cPi (( ,,α ws Temp))

≔Mnacl 58.44277

≔b
⎛
⎜
⎝

⋅Mnacl
⎛
⎜
⎝

-――
1
ws

1
⎞
⎟
⎠

⎞
⎟
⎠

-1

≔ksal (( ,Temp b)) ⎛⎝ ++⎛⎝ +-0.5621 ⋅0.01394 b ⋅0.00177 b2 ⎞⎠ ⋅⎛⎝ --0.00199 ⋅0.000294 b ⋅⋅6.3 10-5 b2 ⎞⎠ Temp ⋅⎛⎝ +-⋅-8.6 10-6 ⋅⋅2.3 10-6 b ⋅⋅4.5 10-7 b2 ⎞⎠ Temp2 ⎞⎠ ―――
W
⋅m Δ°C

≔Deq ―――――
⎛⎝ -Ds

2 ⋅Nt Do
2 ⎞⎠

⋅Do Nt

≔Dhid ⎛⎝ ,Ds Do⎞⎠ ―――――
⎛⎝ -Ds

2 ⋅Nt Do
2 ⎞⎠

+Ds ⋅Do Nt

≔G ⎛⎝ ,Qm Din⎞⎠ ―――
Qm

⋅π ――
Din

2

4

≔Gan ⎛⎝ ,,Qm Ds Do⎞⎠ ――――――
Qm

⋅π ―――――
⎛⎝ -Ds

2 ⋅Nt Do
2 ⎞⎠

4

≔Rey ⎛⎝ ,,μ Din Qm⎞⎠ ――――――
⋅G ⎛⎝ ,Qm Din⎞⎠ Din

μ

≔Reyan ⎛⎝ ,,,μ Ds Do Qm⎞⎠ ――――――――――
⋅Gan ⎛⎝ ,,Qm Ds Do⎞⎠ Dhid ⎛⎝ ,Ds Do⎞⎠

μ≔Pr (( ,,μ k cP)) ――
⋅cP μ
k

≔Prwall (( ,,μ k cP)) ――
⋅cP μ
k

≔fD ⎛⎝ ,,,ε μ Din Qm⎞⎠ ――――――――――――――――――――――――――――
1

⎛
⎜
⎜
⎜
⎝

⋅-2 log

⎛
⎜
⎜
⎜
⎝

-―――

――
ε
Din

3.7065
⋅――――――

5.0452
Rey ⎛⎝ ,,μ Din Qm⎞⎠

log
⎛
⎜
⎜⎝

+⋅―――
1

2.8257

⎛
⎜
⎝
――
ε
Din

⎞
⎟
⎠

1.1098

―――――――
5.8506

Rey ⎛⎝ ,,μ Din Qm⎞⎠
0.8981

⎞
⎟
⎟⎠

⎞
⎟
⎟
⎟
⎠

⎞
⎟
⎟
⎟
⎠

2

≔fan ⎛⎝ ,,,μ Ds Do Qm⎞⎠ ⎛⎝ -⋅1.821 log⎛⎝Reyan ⎛⎝ ,,,μ Ds Do Qm⎞⎠⎞⎠ 1.64⎞⎠
-2

≔f ⎛⎝ ,,μ Din Qm⎞⎠ ⎛⎝ ⋅1.821 log⎛⎝ -Rey ⎛⎝ ,,μ Din Qm⎞⎠ 1.64⎞⎠⎞⎠
-2



≔fan ⎛⎝ ,,,μ Ds Do Qm⎞⎠ ⎛⎝ -⋅1.821 log⎛⎝Reyan ⎛⎝ ,,,μ Ds Do Qm⎞⎠⎞⎠ 1.64⎞⎠
-2

≔f ⎛⎝ ,,μ Din Qm⎞⎠ ⎛⎝ ⋅1.821 log⎛⎝ -Rey ⎛⎝ ,,μ Din Qm⎞⎠ 1.64⎞⎠⎞⎠
-2

≔KG (( ,,μ k cP))
⎛
⎜
⎝
―――――
Pr (( ,,μ k cP))

Prwall (( ,,μ k cP))

⎞
⎟
⎠

0.11

≔Nuan ⎛⎝ ,,,,,,μ Ds Do Qm k cP KG⎞⎠ ⋅

⎛
⎜
⎜
⎜
⎜
⎜
⎜⎝

―――――――――――――――――――――

⋅⋅
⎛
⎜
⎝
――――――
fan ⎛⎝ ,,,μ Ds Do Qm⎞⎠

8

⎞
⎟
⎠

⎛⎝ -Reyan ⎛⎝ ,,,μ Ds Do Qm⎞⎠ 1000⎞⎠ Pr (( ,,μ k cP))

+1 ⋅⋅12.7
⎛
⎜
⎝
――――――
fan ⎛⎝ ,,,μ Ds Do Qm⎞⎠

8

⎞
⎟
⎠

―
1

2 ⎛
⎜
⎝ -Pr (( ,,μ k cP))

―
2

3
1

⎞
⎟
⎠

⎞
⎟
⎟
⎟
⎟
⎟
⎟⎠

KG

≔Nu ⎛⎝ ,,,,,μ Din Qm k cP KG⎞⎠ ⋅

⎛
⎜
⎜
⎜
⎜
⎜
⎜⎝

――――――――――――――――――

⋅⋅
⎛
⎜
⎝
―――――
f ⎛⎝ ,,μ Din Qm⎞⎠

8

⎞
⎟
⎠

⎛⎝ -Rey ⎛⎝ ,,μ Din Qm⎞⎠ 1000⎞⎠ Pr (( ,,μ k cP))

+1 ⋅⋅12.7
⎛
⎜
⎝
―――――
f ⎛⎝ ,,μ Din Qm⎞⎠

8

⎞
⎟
⎠

―
1

2 ⎛
⎜
⎝ -Pr (( ,,μ k cP))

―
2

3
1

⎞
⎟
⎠

⎞
⎟
⎟
⎟
⎟
⎟
⎟⎠

KG

Resolución

≔TempproH =―――――――
+TempHin TempHout

2
62.5 ≔TempproC =―――――――

+TempCin TempCout
2

25 ≔TempproHk =――――――――
+TempHink TempHoutk

2
335.7

≔δa =δw ⎛⎝TempproH⎞⎠ 981.905 ――
kg

m3
≔δs =δsol ⎛⎝ ,,ws δap TempproC⎞⎠ ⎛⎝ ⋅1.107 103 ⎞⎠ ――

kg

m3

≔μa =μw ⎛⎝TempproH⎞⎠ ⎛⎝ ⋅4.495 10-4⎞⎠ ――
kg
⋅m s ≔μs =μsol ⎛⎝ ,ws TempproC⎞⎠ 0.001 ――

kg
⋅m s

≔cPa =cPw ⎛⎝TempproHk⎞⎠ ⎛⎝ ⋅4.182 103 ⎞⎠ ――
m2

⋅s2 K ≔cPsol ⎛⎝ ,,,α ws Temp cPa⎞⎠ +⋅(( -1 ws)) cPw ⎛⎝TempproCk⎞⎠ ⋅ws cPi (( ,,α ws Temp))

≔ka =kw ⎛⎝TempproHk⎞⎠ 0.65 ―――
⋅kg m

⋅s3 K ≔cPs =cPsol ⎛⎝ ,,,α ws TempproC cPa⎞⎠ ⎛⎝ ⋅3.557 103 ⎞⎠ ――
m2

⋅s2 K

≔ks =ksal ⎛⎝ ,TempproC b⎞⎠ 0.606 ―――
⋅kg m

⋅s3 K

≔q ⋅⎛⎝ ⋅⋅Qms cPs ⎛⎝ -TempCout TempCin⎞⎠⎞⎠ K

=q 607.612 kW

Va
lo

re
s 

de
 p

ru
eb

a
Re

st
ric

ci
on

es
So

lv
er

≔Qm 1 ―
kg
hr

＝q ⋅
⎛
⎜
⎜
⎝

⋅Qm
⌠
⌡ d

TempHout

TempHin

cPa Temp
⎞
⎟
⎟
⎠
K

≔Qma =find ⎛⎝Qm⎞⎠ ⎛⎝ ⋅1.494 104 ⎞⎠ ―
kg
hr



Va
lo

re
s 

de
 p

ru
eb

a
Re

st
ric

ci
on

es
So

lv
er

≔Qm 1 ―
kg
hr

＝q ⋅
⎛
⎜
⎜
⎝

⋅Qm
⌠
⌡ d

TempHout

TempHin

cPa Temp
⎞
⎟
⎟
⎠
K

≔Qma =find ⎛⎝Qm⎞⎠ ⎛⎝ ⋅1.494 104 ⎞⎠ ―
kg
hr

≔KG 1

≔hi ⎛⎝ ,,,,,μ Din Qm k cP KG⎞⎠ ―――――――――
⋅Nu ⎛⎝ ,,,,,μ Din Qm k cP KG⎞⎠ k

Din

≔ho ⎛⎝ ,,,,,,μ Ds Do Qm k cP KG⎞⎠ ―――――――――――
⋅Nuan ⎛⎝ ,,,,,,μ Ds Do Qm k cP KG⎞⎠ k

Deq

=hi ⎛⎝ ,,,,,μs Din Qms ks cPs KG⎞⎠ ⎛⎝ ⋅6.439 104 ⎞⎠ ――
kg

⋅s3 K
≔ho =ho ⎛⎝ ,,,,,,μa Ds Do Qma ka cPa KG⎞⎠ ⎛⎝ ⋅5.117 103 ⎞⎠ ――

kg

⋅s3 K

≔hio ⎛⎝ ,,,,,,μ Din Do Qm k cP KG⎞⎠ ⋅hi ⎛⎝ ,,,,,μ Din Qm k cP KG⎞⎠ ――
Din

Do

≔hio =hio ⎛⎝ ,,,,,,μs Din Do Qms ks cPs KG⎞⎠ ⎛⎝ ⋅5.013 104 ⎞⎠ ――
kg

⋅s3 K

Efecto de la pared

≔Tempwall =――――――――――
⎛⎝ +⋅TempproH hio ⋅TempproC ho⎞⎠

+hio ho
59.027 ≔Tempwallk =+Tempwall 273 332.027

≔δaw =δw ⎛⎝Tempwall⎞⎠ 983.707 ――
kg

m3
≔δsol ⎛⎝ ,,ws δap Temp⎞⎠

⎛
⎜
⎝

+
⎛
⎜
⎝
―――――

ws
δap (( ,ws Temp))

⎞
⎟
⎠

―――――
(( -1 ws))

δw ⎛⎝Tempwall⎞⎠

⎞
⎟
⎠

-1

≔μaw =μw ⎛⎝Tempwall⎞⎠ ⎛⎝ ⋅4.735 10-4⎞⎠ ――
kg
⋅m s ≔δsw =δsol ⎛⎝ ,,ws δap Tempwall⎞⎠ ⎛⎝ ⋅1.089 103 ⎞⎠ ――

kg

m3

≔cPaw =cPw ⎛⎝Tempwallk⎞⎠ ⎛⎝ ⋅4.18 103 ⎞⎠ ――
m2

⋅s2 K ≔μsol (( ,ws Temp)) ⋅⋅μap (( ,ws Temp))
ws ⎛

⎜
⎝

⋅μw ⎛⎝Tempwall⎞⎠ 1000 ――
⋅m s

kg

⎞
⎟
⎠

(( -1 ws))

10-3 ――
kg
⋅m s

≔kaw =kw ⎛⎝Tempwallk⎞⎠ 0.647 ―――
⋅kg m

⋅s3 K ≔μsw =μsol ⎛⎝ ,ws Tempwall⎞⎠ ⎛⎝ ⋅6.597 10-4⎞⎠ ――
kg
⋅m s



≔cPsol ⎛⎝ ,,,α ws Temp cPa⎞⎠ +⋅(( -1 ws)) cPw ⎛⎝Tempwallk⎞⎠ ⋅ws cPi (( ,,α ws Temp))

≔cPsw =cPsol ⎛⎝ ,,,α ws Tempwall cPa⎞⎠ ⎛⎝ ⋅3.553 103 ⎞⎠ ――
m2

⋅s2 K

≔ksw =ksal ⎛⎝ ,Tempwall b⎞⎠ 0.649 ―――
⋅kg m

⋅s3 K

=Pr ⎛⎝ ,,μaw kaw cPaw⎞⎠ 3.061
=Pr ⎛⎝ ,,μsw ksw cPsw⎞⎠ 3.609

≔KG2 =
⎛
⎜
⎝
――――――
Pr ⎛⎝ ,,μa ka cPa⎞⎠

Pr ⎛⎝ ,,μaw kaw cPaw⎞⎠

⎞
⎟
⎠

0.11

0.994
≔KG1 =

⎛
⎜
⎝
――――――
Pr ⎛⎝ ,,μs ks cPs⎞⎠

Pr ⎛⎝ ,,μsw ksw cPsw⎞⎠

⎞
⎟
⎠

0.11

1.076

≔hi ⎛⎝ ,,,,,μ Din Qm k cP KG⎞⎠ ―――――――――
⋅Nu ⎛⎝ ,,,,,μ Din Qm k cP KG⎞⎠ k

Din

≔ho ⎛⎝ ,,,,,,μ Ds Do Qm k cP KG⎞⎠ ―――――――――――
⋅Nuan ⎛⎝ ,,,,,,μ Ds Do Qm k cP KG⎞⎠ k

Deq

=hi ⎛⎝ ,,,,,μs Din Qms ks cPs KG1⎞⎠ ⎛⎝ ⋅6.931 104 ⎞⎠ ――
kg

⋅s3 K
≔hoc =ho ⎛⎝ ,,,,,,μa Ds Do Qma ka cPa KG2⎞⎠ ⎛⎝ ⋅5.085 103 ⎞⎠ ――

kg

⋅s3 K

≔hio ⎛⎝ ,,,,,,μ Din Do Qm k cP KG⎞⎠ ⋅hi ⎛⎝ ,,,,,μ Din Qm k cP KG⎞⎠ ――
Din

Do

≔hioc =hio ⎛⎝ ,,,,,,μs Din Do Qms ks cPs KG1⎞⎠ ⎛⎝ ⋅5.396 104 ⎞⎠ ――
kg

⋅s3 K

≔Ugd =
⎛
⎜
⎝

+++――
1
hioc

――
1
hoc

Rad ⋅―――
Do

⋅2 kwall
ln

⎛
⎜
⎝
――
Do

Din

⎞
⎟
⎠

⎞
⎟
⎠

-1

⎛⎝ ⋅1.04 103 ⎞⎠ ――
kg

⋅s3 K
≔Ugc =

⎛
⎜
⎝

++――
1
hioc

――
1
hoc

⋅―――
Do

⋅2 kwall
ln

⎛
⎜
⎝
――
Do

Din

⎞
⎟
⎠

⎞
⎟
⎠

-1

⎛⎝ ⋅2.764 103 ⎞⎠ ――
kg

⋅s3 K

≔CH =⋅cPa Qma
⎛⎝ ⋅1.736 104 ⎞⎠ ―――

⋅kg m2

⋅s3 K

≔CC =⋅cPs Qms
⎛⎝ ⋅2.025 104 ⎞⎠ ―――

⋅kg m2

⋅s3 K

≔Cmin =CH
⎛⎝ ⋅1.736 104 ⎞⎠ ―――

⋅kg m2

⋅s3 K



≔ΔTmax =⋅⎛⎝ -TempHin TempCin⎞⎠ K 70 K

≔qmax =⋅Cmin ΔTmax
⎛⎝ ⋅1.215 103 ⎞⎠ kW

≔ξ =――
q

qmax

0.5

≔LMTDctc =⋅
⎛
⎜
⎜
⎜⎝

―――――――――――――――
-⎛⎝ -TempHout TempCin⎞⎠ ⎛⎝ -TempHin TempCout⎞⎠

ln
⎛
⎜
⎝
――――――――
⎛⎝ -TempHout TempCin⎞⎠
⎛⎝ -TempHin TempCout⎞⎠

⎞
⎟
⎠

⎞
⎟
⎟
⎟⎠

Δ°C 37.444 K

Va
lo

re
s 

de
 p

ru
eb

a
Re

st
ric

ci
on

es
So

lv
er

≔NTU 1

＝ξ ⋅NTU ―――
LMTDctc

ΔTmax

≔NTU =find ((NTU)) 0.935

Va
lo

re
s 

de
 p

ru
eb

a
Re

st
ric

ci
on

es
So

lv
er

≔Atctc 1 m2

＝NTU ⋅Ugd ――
Atctc

Cmin

≔Atctc =find ⎛⎝Atctc⎞⎠ 15.607 m2

≔Ah =⋅⋅⋅Nt π Do Longh 5.745 m2



≔Ah =⋅⋅⋅Nt π Do Longh 5.745 m2

≔Nh =
⎛
⎜
⎝
――
Atctc

Ah

⎞
⎟
⎠

2.717

≔Nh 3

≔Atreal =⋅Nh Ah 17.236 m2

≔ΔPit ⎛⎝ ,,,Qm Din δ μ⎞⎠ ⋅⋅Nt ―――――
G ⎛⎝ ,Qm Din⎞⎠

2

⋅2 δ

⎛
⎜
⎝

+⋅⋅fD ⎛⎝ ,,,ε μ Din Qm⎞⎠ ――――
⋅Nh Longh
Din

⎛
⎜
⎝
――
μ
μsw

⎞
⎟
⎠

-0.14

⎛⎝ -Nh 1⎞⎠
⎞
⎟
⎠

≔ΔPant ⎛⎝ ,,,,,μ Ds Do Qm ε δ⎞⎠ ⋅⋅Nh ――――――
Gan ⎛⎝ ,,Qm Ds Do⎞⎠

2

⋅2 δ

⎛
⎜
⎜⎝

+⋅⋅fDan ⎛⎝ ,,,,μ Ds Do Qm ε⎞⎠ ―――――
Longh

Dhid ⎛⎝ ,Ds Do⎞⎠

⎛
⎜
⎝
――
μa

μaw

⎞
⎟
⎠

-0.14

1
⎞
⎟
⎟⎠

=ΔPit ⎛⎝ ,,,Qms Din δs μs⎞⎠ ⎛⎝ ⋅2.41 105 ⎞⎠ kPa =ΔPant ⎛⎝ ,,,,,μa Ds Do Qma ε δa⎞⎠ 45.917 kPa

≔Potit =―――――――――

―――――――――
⋅ΔPit ⎛⎝ ,,,Qms Din δs μs⎞⎠ Qms

δs
η

⎛⎝ ⋅1.55 103 ⎞⎠ kW ≔Potan =―――――――――――

―――――――――――
⋅ΔPant ⎛⎝ ,,,,,μa Ds Do Qma ε δa⎞⎠ Qma

δa
η

0.243 kW

≔Potbom =+Potit Potan ⎛⎝ ⋅1.55 103 ⎞⎠ kW

Para disminuir la potencia de la bomba se va a poner en paralelo a los tubos internos, 
adoptando una configuración paralelo- serie
Se considera que el caudal de la salmuera se divide en 2 partes iguales

≔CH =⋅cPa Qma
⎛⎝ ⋅1.736 104 ⎞⎠ ―――

⋅kg m2

⋅s3 K

≔CC =⋅cPs ――
Qms

2
⎛⎝ ⋅1.013 104 ⎞⎠ ―――

⋅kg m2

⋅s3 K

≔Cmin =CC
⎛⎝ ⋅1.013 104 ⎞⎠ ―――

⋅kg m2

⋅s3 K

≔Tpi =TempCin 10

≔Tpo =TempCout 40

≔Tsi =TempHin 80

≔Tso =TempHout 45
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≔TempCp2 1

≔TempCp1 1

≔TempHint 1

＝―――――――
⎛⎝ -TempCp1 TempCin⎞⎠
⎛⎝ -TempHin TempCin⎞⎠

―――――――
⎛⎝ -TempCp2 TempCin⎞⎠
⎛⎝ -TempHint TempCin⎞⎠

＝⋅⋅⋅cPa Qma ⎛⎝ -TempHint TempHout⎞⎠ K ⋅⋅⋅cPs ――
Qms

2
⎛⎝ -TempCp2 TempCin⎞⎠ K

＝⋅⋅⋅cPa Qma ⎛⎝ -TempHin TempHint⎞⎠ K ⋅⋅⋅cPs ――
Qms

2
⎛⎝ -TempCp1 TempCin⎞⎠ K

≔
TempHint

TempCp1
TempCp2

⎡
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥⎦

=find ⎛⎝ ,,TempHint TempCp1 TempCp2⎞⎠

59.497
45.147
34.853

⎡
⎢
⎢
⎣

⎤
⎥
⎥
⎦

≔ξ =―――――――
⎛⎝ -TempCp1 TempCin⎞⎠
⎛⎝ -TempHin TempCin⎞⎠

0.502 ≔ξ =―――――――
⎛⎝ -TempCp2 TempCin⎞⎠
⎛⎝ -TempHint TempCin⎞⎠

0.502

≔LMTDctc =⋅
⎛
⎜
⎜
⎜⎝

―――――――――――――――
-⎛⎝ -TempHout TempCin⎞⎠ ⎛⎝ -TempHin TempCout⎞⎠

ln
⎛
⎜
⎝
――――――――
⎛⎝ -TempHout TempCin⎞⎠
⎛⎝ -TempHin TempCout⎞⎠

⎞
⎟
⎠

⎞
⎟
⎟
⎟⎠

Δ°C 37.444 K

Transferencia de calor para cada tramo 

≔q1 =⋅
⎛
⎜
⎝

⋅⋅cPs ――
Qms

2
⎛⎝ -TempCp1 TempCin⎞⎠

⎞
⎟
⎠
K 355.931 kW

≔q2 =⋅
⎛
⎜
⎝

⋅⋅cPs ――
Qms

2
⎛⎝ -TempCp2 TempCin⎞⎠

⎞
⎟
⎠
K 251.681 kW



≔q2 =⋅
⎛
⎜
⎝

⋅⋅cPs ――
Qms

2
⎛⎝ -TempCp2 TempCin⎞⎠

⎞
⎟
⎠
K 251.681 kW

=q 607.612 kW ≔qt =+q1 q2 607.612 kW
Va

lo
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s 
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a
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So
lv

er

≔NTU 1

＝ξ ⋅NTU ―――
LMTDctc

ΔTmax

≔NTU =find ((NTU)) 0.939

Va
lo

re
s 

de
 p

ru
eb

a
Re

st
ric

ci
on

es
So

lv
er

≔Atctc 1 m2

＝NTU ⋅Ugd ――
Atctc

Cmin

≔Atctc =find ⎛⎝Atctc⎞⎠ 9.143 m2 área de una parte de la 
configuración en paralelo

≔Atint =⋅Atctc 2 18.285 m2

≔Ah =⋅⋅⋅Nt π Do Longh 5.745 m2

≔Nhp =
⎛
⎜
⎝
――
Atint

Ah

⎞
⎟
⎠

3.183

≔Nhp 3



≔Atreal =⋅Nhp Ah 17.236 m2

≔ΔPit ⎛⎝ ,,,Qm Din δ μ⎞⎠ ⋅⋅Nt ―――――
G ⎛⎝ ,Qm Din⎞⎠

2

⋅2 δ

⎛
⎜
⎝

+⋅⋅fD ⎛⎝ ,,,ε μ Din Qm⎞⎠ ――――
⋅Nhp Longh
Din

⎛
⎜
⎝
――
μ
μsw

⎞
⎟
⎠

-0.14

⎛⎝ -Nhp 1⎞⎠
⎞
⎟
⎠

≔ΔPant ⎛⎝ ,,,,,μ Ds Do Qm ε δ⎞⎠ ⋅⋅Nhp ――――――
Gan ⎛⎝ ,,Qm Ds Do⎞⎠

2

⋅2 δ

⎛
⎜
⎜⎝

+⋅⋅fDan ⎛⎝ ,,,,μ Ds Do Qm ε⎞⎠ ―――――
Longh

Dhid ⎛⎝ ,Ds Do⎞⎠

⎛
⎜
⎝
――
μa

μaw

⎞
⎟
⎠

-0.14

1
⎞
⎟
⎟⎠

=ΔPit

⎛
⎜
⎝

,,,――
Qms

2
Din δs μs

⎞
⎟
⎠

⎛⎝ ⋅6.099 104 ⎞⎠ kPa =ΔPant ⎛⎝ ,,,,,μa Ds Do Qma ε δa⎞⎠ 45.917 kPa

≔Potitp =―――――――――

―――――――――

⋅ΔPit

⎛
⎜
⎝

,,,――
Qms

2
Din δs μs

⎞
⎟
⎠
Qms

δs
η

392.288 kW ≔Potanp =―――――――――――

―――――――――――
⋅ΔPant ⎛⎝ ,,,,,μa Ds Do Qma ε δa⎞⎠ Qma

δa
η

0.243 kW

≔Potbomp =+Potitp Potanp 392.531 kW



INCISO b costos

≔i 0.03 ≔n 10 Donde
i:interés
n: vida útil
a: amortización ≔a =

⎛
⎜
⎜
⎝
――――
⋅i (( +1 i))

n

-(( +i 1))
n

1

⎞
⎟
⎟
⎠
―
1
yr

0.117 ―
1
yr

≔Chp 500

≔Cthp =⋅Chp a 58.615 ―
1
yr

≔Costo =⋅Cthp Nh 175.846 ―
1
yr

≔Costopar =⋅Cthp Nhp 175.846 ―
1
yr

Costo de la potencia

≔Cbom =
⎛
⎜
⎝
――――

0.15
⋅1000 3600

⎞
⎟
⎠
―
1
J

⎛⎝ ⋅4.167 10-8⎞⎠ ―
1
J

≔t =⋅335 ――
day
yr

24 ――
hr
day

⎛⎝ ⋅8.04 103 ⎞⎠ ―
hr
yr

≔Cpotserie =⋅⋅Cbom t Potbom ⎛⎝ ⋅1.87 106 ⎞⎠ ―
1
yr

≔Cpotpar =⋅⋅Cbom t Potbomp
⎛⎝ ⋅4.734 105 ⎞⎠ ―

1
yr

≔Ctserie =+Cpotserie Costo ⎛⎝ ⋅1.87 106 ⎞⎠ ―
1
yr

≔Ctpar =+Cpotpar Costopar ⎛⎝ ⋅4.736 105 ⎞⎠ ―
1
yr


