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* Bero-trukagailu motak bereizi eta sailkatu

» Gainazaletan metakinak pilatzeak duen eraginaz jabetu eta bero-trukagailu baten bero-

transferentziaren koefiziente orokorra kalkulatu
* Bero-trukagailuen energia-analisi orokorrak egin

« LMTD metodoan erabiltzeko batez besteko tenperatura-diferentzia logaritmikoar  en
erlazioa lortu, eta bero-trukagailu desberdinetarako moldatu, zuzenketa-faktoreak

erabiliz

« Eraginkortasun-erlazioak garatu, eta bero-trukagailuak eraginkortasun-NTU

metodoarekin analizatu, irteera-tenperatura ezezaguna denean

* Bero-trukagailuak aukeratzeko oinarrizko irizpideak zein diren jakin.
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* Hodi bikoitzeko bero-trukagailuak - Konfiguraziorik sinpleena

T r

e Cold
out -in
Hot "j Hot Hot rT Hot
in l out in [ = out
—@ == B— —Q = = B —

Kontrako fluxua
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* Bero trukagailu trinkoa > ,8 = % > 700 m2/m3
l o)

Azalera-dentsitatea

Current

Hesat sink Gas turhine
H:at E:;E Eutary' regeneratsf
Thermosyphon Crygenic heat exchanger
- - - -
Bl tubl Matrix type, Wire screen
ane tubular Atomotive radistor
Shell & Tube - =phere bed, Corrugated shei
heat exchanger Strip-fin heat exchanger, Louver-fin hesat exchanger
- I -
] ] Human lung
P late hest exchanger | Compact surface - - -
| I | I | I | | I | | I I I | ] I | 1
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Hydraulic diameter, mm
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Hest transfer surface area density, m 2in3
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* Fluxu-gurutzatuko bero trukagailua

Cross-flow

Cross-flow —IL——
(unmixed)

(mixed)

S
e
>~

1 RN
Tube flow Tube flow
(unmixed) (unmixed)
(a) Both fluids unmixed (b) One fluid mixed, one fluid unmixed
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» Karkasa eta hodi erako bero-trukagailua

Rear-end
header

Tube Shell

Baffles

header

Shell-side fluid
In

Tube-side
fluid

p—» Out

D<= In

Out

anen el 2.

(a) One-shell pass and two-tube passes
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Front-end
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(b) Two-shell passes and four-tube passes
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» Karkasa eta hodi erako bero-trukagailua
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» Xafla eta bastidore bero-trukagailuak

- o

v ' Makina eta Motor
TERMOTEKNIA Temicatsa
Universidad  Euskal Herriko Departamento de Mdquinas
del Pais Vasco  Unibertsitatea ¥ Motores Térmicos

11.1 - BERO-TRUKAGAILU MOTAK 10/29

* Birsorgailu bero-trukagailuak

Material
porotsua

Dinamikoa
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Bero-trukagailuetan - Kondukzio, konbekzio eta erradiazio motako bero-
transferentziak (azken biak orokorrean konbinatzen dira).

Roa =R * R TR, =
1 In(b,/D) 1
+ +

hA 27k hA

Cold __
fluid

— I:\)total =

Hot
fluid

Heat

transfer . AT

x _ Q=——=UAAT =U ,AAT =U AAT
Hot fluid h\flui_d_4 : otal

: 1

4 o—rwwq—ww w—e | ® Baldin Rwall L10: 2> A DAl DAO -> —

R. = ! Rwal] R = ! U
A.

1 1
i S
hh
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Representative values of the overall heat transfer coefficients in
heat exchangers

Type of heat exchanger U, Wfm2 - °C*
Water-to-water 850-1700
Water-to-oil 100-350
Water-to-gasoline or kerosene 300-1000
Feedwater heaters 1000-8500
Steam-to-light fuel oil 200-400
Steam-to-heavy fuel oil 50-200
Steam condenser 1000-6000
Freon condenser (water cooled) 300-1000
Ammonia condenser (water cooled) 800-1400
Alcohol condensers (water cooled) 250-700
Gas-to-gas 10-40
Water-to-air in finned tubes (water in tubes) 30-60f
400-850"
Steam-to-air in finned tubes (steam in tubes) 30-300°
400-4000*

*Multiply the listed values by 0.176 to convert them to Btu/h - ftZ - °F.
'Based on air-side surface area.

Hegal laburra (T, =cte) - A, = A ried T Avin
Hegal quea(Ts 7 Cte) - A‘s - Amfinned +,7finAfin

h TERMOTEKNIA
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METAKETA-FAKTOREA (zikintze faktorea)

Metaketa motak:

v Metakin solidoen prezipitatzea

» Metaketa faktorea R ¢
Korrosioa eta kimikoa (erresistentzia gehigarria)

v’ Biologikoa
(Source: Tubular Exchange Manufacturers
Association.)
Fluid R;, m? - °C/W

Distilled water, sea

water, river water,
- 1 - 1 Rf i In(DO/Di) Rf ,0 1 boiler feedwater:
R = = + + + + Below 50°C 0.0001
UAs h A A 27KL Ab hoAb Above 50°C 0.0002
Fuel oil 0.0009
Steam (oil-free) 0.0001
Refrigerants (liquid) 0.0002
Refrigerants (vapor) 0.0004
Alcohol vapors 0.0001
Air 0.0004

anen el 2.
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Q= rhccpc (Tc,out — c,in) |:> Jariakin hotza (berotzen dena)
Q = rnnCph (Th,in _Th,out) |:> Jariakin beroa (hozten dena)

T
Bero-ahalmena Hot fluid
&
AT
T |
1
AT, :
Cold fluid :
C.=¢C, =~
1
|
1
AT = AT, = AT, = constant :
|
1
L,y
Inlet Outlet
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- Bero-transferentzia sentikorra  (AT) ——=) Q= meAT

« Bero-transferentzia sorra  (T=cte) —p Q=rhy

7 Condensing fluid [

| I

- Cold fluid

7 Hot fluid

Jo

A
- Boiling fluid

|
|
|
!
|
I
|
|
|
|
1
|
|
|
|
|
|

1
Inlet Outlet

I
Inlet Outlet

(a) Condenser (C;, — %) (b) Boiler (C. — =)

Q=UAAT_

TERMOTEKNIA

anen el 2.

Universidad ~ Euskal Herriko
del Pais Vasco  Unibertsitatea

11.4 - BATEZ BESTEKO TENPERATURA-DIFERENTZIA 16/29

LOGARITMIKOAREN METODOA

T

o ;
hin N 80 = U T,-T,)dA,

Wy ™ dT, &2 = _rhﬂcpthh
I Z:h.out dg — r.r]CCpCdTC

(RQ=U(T,-T.)dA

J\

i Ti.;in
Tc‘, in - T( out @
[—45
- AT, -AT,,
Hot Q — UA\SA-I-Im ATIm — in ou
{luid Th, out A-I—I )
- B~ In| —in-
Th in L ’ ATout
C lltﬂ id [ % ’
JOIC uid : <
_Wju}”‘“ ¢ Kontrako fluxuan? OHARRA ATlm ATam
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LOGARITMIKOAREN METODOA

KONTRAKO FLUXUKO BERO-TRUKAGAILUAK

&
Tt 1 Sarrerako eta irteerako tenperaturak berdinak izanik:
-Hot fluid i
Td:"{\lll :
|
i ATIm,CF > ATIm,PF
Cold l
fluid :T
h,out
I;i‘,in
I
|
|
T.in, Cold
il id
Hot q
fluid -
— B - C,=C.> AT, ?
s u == Th,oul
l T;.ZDUI
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LOGARITMIKOAREN METODOA

IRAGANALDI ANITZEKO ETA FLUXU GURUTZATUKO BERO TRUK AGAILUAK:
ZUZENKETA-FAKTOREEN ERABILERA

Thin T,
Cold l JTo,in l TTc,out lh’m TTc,out
fluid
Hot
Eﬂld Cross-flow or multipass
ok shell-and-tube heat exchanger
AT
I L,
l R Th,out Tc,in Th,out c,in
Heat transfer rate: T
Q= UASFATMLCF
AT, — AT, T
1752 T T
cre AT _—_— h, c,0
s Im. CF = To(AT,/AT,) 0“;; o :
ATl = Th,in - T{‘,Dlll i
AT?_ = Th,ﬂul L Tc‘,in o
: 3 . ‘a.
and F=... (Fig. 13-18) a: Parallel flow . Parallel flow
o *b: Counter flow *b: Counter flow
h TERMOTEKNIA
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LOGARITMIKOAREN METODOA

IRAGANALDI ANITZEKO ETA FLUXU GURUTZATUKO BERO TRUK AGAILUAK:
ZUZENKETA-FAKTOREEN ERABILERA

. \S$\\\\\\ -l T,
w 0.9 \ \\\\\ N \\\ < ™ ’_:_:_L t
= (MIARNARYN NN N G——J—1
208 A NAVELY 7
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307 | A VAR VA \ L\
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O 06}. T,-T
Reyi—? EVE WA
o5LL [ 1 TR A | i T
0 01 02 03 04 05 06 07 08 09 10 P=2_"!

T, -t
I
(a) One-shell pass and 2, 4, 6, etc. (any multiple of 2), tube passes

1.0
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1~ h
— (b) Two-shell passes and 4, 8, 12, etc. (any multiple of 4), tube passes
ﬁ’ ' L
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LOGARITMIKOAREN METODOA

IRAGANALDI ANITZEKO ETA FLUXU GURUTZATUKO BERO TRUK AGAILUAK:
ZUZENKETA-FAKTOREEN ERABILERA
1.0

— [ —— . TI
w 09 N \\ NS ‘\ ‘\\ t
: NNERNSSGSEA
2 08 3 N, b [ N -
o Vs \ \ N N N\ [ — —_— 1,
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(¢) Single-pass cross-flow with both fluids unmixed

1.0

—~ N ————aanay T
= 09 \\ ‘\ \\ N \\‘ N i
- 0 A WANA NN NI
E 0.8 \ \\ N AN \\ \\ \\t \\ ti— =1
= | | R=4.0113.0_20.1.5-11.00.8 0.6..041.0.2 -
£ 07 L1\ AN \C TR
2 \\ \\ AV WAV |
S 06l T,-T,
" OlR=2 AR G

2=t
0.5 [ l \ \

t,—t
0 01 02 03 04 05 06 07 08 09 10 P=T3—f]
=

(d) Single-pass cross-flow with one fluid mixed and the other unmixed
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LMTD |:> Tenperatura Emariak eta U I:> Bero-trukagailuaren
metodoa ezagunak kalkulatu tamaina kalkulatu (A,)

5| LMTD E> Ebazpen
metodoa iteratiboa

Irteerako tenperatura
edo Q ezezagunak

Método Ebazpen 20°c | Cold
— e-NTU |:> Suzena 25 kg/s y water
Hot r]‘
oil
—g D>
130°C |
. _ . 40 kg/s
_ Bero-transferentziaabiaduraerreala _ Q
Bero- transferentzia abiaduramaximoa  Q,, R e e I 12
Cyy=101,Cpy =92 kKW/°C
Cin =92 kW/°C
Q — C (T p— T ) ATmu\ = T/r.in_ T(.in =110°C
max - ml n h’l n C’I n Qll]:!\ = Cmm ATmu\ =10,120 kW
Universidad ~ Euskal Herriko TERMOTEKN IA 4 ;T?Z!:;’Vti‘::&’xfdﬂ Mdquinas
del Pais Vasco  Unibertsitatea & yMotores Térmicos
11.5 - ERAGINKORTASUN-NTU METODOA 22/29

Effectiveness relations for heat exchangers: NTU = UA,/C.,;, and
C = Coin/Crnax = (MCp)min/(MCp)rmax (Kays and London, Ref. 5.)

U Heat exchanger
NTU —_ A% type Effectiveness relation
1 Double pipe:
min 1 —exp [-NTU(1 + ¢)]
Parallel-flow g =
l+e
— 1 —exp[-NTU(1 — ¢)]
C AR T T T —cexp[=NTU(L — o)]
Cc= min 2 Shell and tube:
- One-shell pass y 5y
2 4. ... tube s_:Z{lJrCJr\/_lJr(:21+exp[NTU\/lJrc]}
1 —exp [-NTUWV1 + ¢?]

passes

Cmax
‘ 3 Cross-flow

(single-pass)

Both fluids s
e=¢(NTU, c) unmixed e=1—exp {NTL; [exp (—c NTUO78) — 1]}

Crnax Mixed,

Crrin, Unmixed e = %{1 —exp {1—c[1l — exp (—=NTU)IH

Crmin Mixed, 1

Crnax Unmixed e=1—exp {C[l —exp(—c NTU)]}
4 All heat

exchangers g=1— exp(—=NTU)

withec =10
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100 —_ 100 I o
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¥ el 2 (7
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g //{4 T00, & /) |
“ 2
R 11 f ] £ 4 Shell fluid |
& Tube ”‘1 P Tube |
H fluid | = ] = // fluid | =
20/ a = | )—-_ 20 (}LJ — -‘_—Iv | )—= |
} Shell fluid | |
0 ‘ j i i i i i 0 L ! \ ! ! !
I 2 3 4 5 | 2 3 4 5

anen el 2.

L

Number of transfer units NTU = ASU/Cmin
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Number of transfer units NTU = ASUIC
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11.5 - ERAGINKORTASUN-NTU METODOA

100 ‘ g 100
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L) ///,/ 1.00 % 60
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§ 40 _ilShe]l fluid | g 40
i = .- 5
20 y Qq I a 20
/ “-Tube fluid |¢|
; NN "
] 2 3 4 5
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Number of transfer units NTU = ASU/C
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Effectiveness €, %
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100 100 BN ——
fett - |
80 . — 80 <
Y T S /‘A
60 |t < 60 IVA ﬁi
/ Cold fluid 'a’ /A/A
40 / Hot ',”JE\\‘,“ — § 40 Mixed
fluid = = fluid
/ —— — 84 — —
l/ S i RUAY o
20 / T — 20 /
I ] Unmixed fluid
[ | [ 0 [ N N
: I 2 5 l 2 3 4 5

Number of transfer units NTU = A U/C,;,
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Number of transfer units NTU = A ,U/C,;,

@ Makina eta Motor
Termikoak Saila
Departamento de Mdquinas
¥ Motores Térmicos

11.5 - ERAGINKORTASUN-NTU METODOA

Universidad ~ Euskal Herriko
del Pais Vasco ~ Unibertsitatea

Iruzkinak:

1. NTU ! > Ae 1, bainaNTU 1 = Ae | - (justifikazio ekonomikoa NTU < 3)

2. NTU eta c zehatz batzuetarako

v

3. NTU<0.3denean »> € =¢ (NTU)

4. c=0denean> &, =1- eXp(— NTU ) ol

o

26/29

1

Counter-flow

i

_Cross-flow with
both fluids unmixed

0

05
Parallel-flow
(forc=1)
0 | | | |
0 1 2 3 4 5
NTU = UA/C,;,
N~ g=1-eNTL
(Al heat exchangers
with ¢ =0)
I ! I
0 1 2 3 4 5

TERMOTEKNIA

NTU = UA\ /Cmm
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 U-ren kalkulua %30-eko ziurgabetasuna - Bero-trukagailuen gaindimentsionaketa

Jariakin biskosoena:
et >AP1

¢, Hodien barnealdetik edo
‘ karkasatik?

BERO-TRANSFERENTZIAREN ABIADURA

Qmax = r.ncp(-rin -T )

out
KOSTUA

» Eskaerapeko bero-trukagailuaren kostua >> Seriean egindako bero-trukagailuaren kostua

* Operazio + Mantentze lanak

anen el 2.
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PONPATZE-POTENTZIA
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» Operazio lanak = Ponpatze potentzia [KW] x Operazio-orduak [h] x Elektrizitatearen
kostua energia unitateko [€/kWh]

» Operazio lanak vs Hasierako kostua

» Abiadura muga -> Higadura, zarata, bibrazioak eta presio galerak txikitzeko.

TAMAINA ETA PISUA

« Tamaina t = Prezioa t

MOTA

* Erabiliko ditugun jariakin moten eta daukagun espazioaren araberakoa.

MATERIALAK

* Tentsio-efektu termikoak (dilatazioak)

« Korrosioarekiko erresistentzia

o
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