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CLASSIFICATION OF HEAT EXCHANGERS

Rotary Regeneratar

I

Repererators

|

Fized-matrix Regenerator

Indirect Contact Type /

/

=T\
Recuperator
> B,

Heat Exchangers

Recuperators

A2

Regenerator

IERE 3SR

Direct Contact Heat Exchanger

Direct Contact Type

Disle Type.

Droum Type

* Heat exchangers may bave single or two phase
flaids on each side.

*Flnw<

Dauble Pipe (Modular one pipe in another, may be finned)

Parallel

Connter
Mixed
o

Cross S

Unmixed

Spiral Tube (Spirally wound tubes in a shell, used in coaxial
Tabular % condenser and evapuratars of reftigerators)
Fized tube sheets
(tube side can be cleaned)

Shell and Tiabe
TU-tube

{tube side bard to clean)

Gasleeted-plate (e.g. Alfa Laval designs)

Flate < Spiral Plate (e.g. Types I, I and IIT of Alfa Laval)
Lamella (Ramen)

Plate fin (Plain, plain-perforated, serrated or wavy fins)

Extended Suface <
Tube fin

{e.g. Spray aod tray condensers)
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17 Recuperator

‘T

& €5 7 (Fin-and-tube Heat Exchanger)

& %=1 (Shell and Tube Heat Exchanger)
& = (Plate Heat Exchanger)

& 127, (Spiral Heat Exchanger)

¢ 25 = (Tube in Tube Heat Exchanger)
& Cross flow Heat Exchanger
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Plain fin Herringbone wavy fin
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Smooth wavy fin, type (II)
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Slit fin, one-sided
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Louver fin, one-sided
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Slit fin, double-sided
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(c) FiBim R
Smooth wavy fin, type (I)

OELEEY
Louver fin, with
re-direction louver
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Convex-louver fin

Typical fin-and-tube heat exchanger (a) individual circular fin; (b)
continuous wavy fin; (¢) conventional air-cooled heat exchanger
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Shell side boiling ) Shell side condensation

ain low-finned double enhanced

Fig. 3 - Low-finned and double enhanced tubes.

- )
2 318 L
f_iiﬁo‘nnf Chiao Tung University

Microfin tube used in tube side augmentation

Benefits: increase 100% more heat transfer coefficients with
only 10~50% increase of pressure drops
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Second sel ol grooves

MICRO-FIN

CROSS-GROOVED

Fig. 2. Typical configuration of micro-fin and cross-grooved surfaces.

- }\5 w7 Heat transfer and
b \\W u\:f pressure drop
X during

MICRO-FN TUBE condensation of
s s = refrigerants inside

i Top 1 | Top
Convantional ftah et al. micro-fin i
micro-fin ube ube /lﬂ?tl!';'cg“e?-:nl / ‘\\ h . t |
Fig. 3. Comparison between traditional and Itoh et al. [3] OrIZOn a

micro-fin tube. Side Side

e 3. Comer N/  enhanced tubes,

NN NS o Int. J. Refrig., 23
\_// HERRINGBONE TUBE (2000) 4_25

Fig. 5. Comparison between micro-fin and herringbone tubes
Fig. 4. Shape of Muzzio et al. [4] micro-fin tube. in annular-type flow pattern.

Fig. 3. Comparaison entre ley wubes ¢ microaileties classigues et
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I'wisted-tape inserts

Twisted-tape inserts Coiled-wire inserts Internal fins
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12.7mm(1/2") 9.52mm
I CLON 7.94mm
I (5/16")
] Tmm i
I
6.35mm (1/4 ")
EhSmm,élmm
I
1990 2000
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& Shell < 100 mm

¢ i - AHEN(H{EKLeakage &
bypass loss)

Y awg = = |

& i B ETGuideline (ESDU 92013):
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& Highly flexible (a]ffH]
7\,), sealing may be a %

i
problem. ; i

¢ Maximum - =
temperature/pressure W
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I FAIZHLES (a) brazed type;
(b) working principle; (¢) cross
section
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(a) A<t =\(washboard)
¢ (b)Z57(zig-zag)
& (c)l1#Y%y(chevron or
herringbone)
(d)z& it R M A
(protrusions and
depressions)
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(washboard with second
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Spiral Heat Exchanger

4@ R4y B Cross flow >
effectiveness (K
R 2%t Cooling
tower /|\
Induced draft AJ$Z{LigE
HYi & 04 > (BfaniefEiR
N AR B R =)
A-frame & FHASteam
condensation
JE\ e e Ry (oE A _EAYRTRE
5 BRI R~ B i,
with 2 in. wound fins. Fin
pitch ~ 11 fins/in.
HRITRETHIZE 2~ 5 m/s.
Row number: 3~8.

28




|2 338 R

onal Chiao Tung University 29

Air-cooled HX
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f A Warm Air 4 f
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1 Tube bundle 4 Fan 7 Fan ring
2 Header 5 Belt drive 8 Fan bridge
3 Plenum & Maotor 9 Walkway
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Air-cooled condenser

Exhaust steam
from turbine
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Condensed
steam to boiler
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Finned Tube

Plate-fin

<, seal packing distr!
™ . P fluid ¢
25 = lat plate
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Cladding
Outside Fin
Inlet/Outlet
(Interchangeable) Cladding Inlet/Outlet
Side Bar (Interchangeable)

Upper Plate
Inside Fin
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Plate fin HX
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Plain fin
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(b) FmA

Herringbone wavy fin
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Louver fin, one-sided
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Slit fin, double-sided
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(c) FRMRE
Smooth wavy fin, type (I)
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Louver fin, with
re-direction louver
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Convex-louver fin
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Extended surfaces

HEeBEER
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(wavy) convex
louver
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(louver) = (louver)
Ko X&h Ko X&h
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(slit) (slit)
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Boundary layer restart & Mixing
Plain fin - continuous fin Interrupted surface
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Performance

Performance —— i ——

average
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Characteristics: Sufficient Heat Transfer Improvement accompanied with
significant pressure drop.
Unable to fulfill heat transfer performance at low velocity operation
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Innovative Designs for Extended Surfaces
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Cooled
Gas Out

Heated
Gas Out

Intake air

Cold
Gas in

Haot
Gasin

Cooled
Gas Out

O Valve openfclosed

@ Valve closediopen

Hot period

Cold period

Heated
Gas Out
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Air-to-air Cross Flow Heat Exchanger
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Film Type

Splash Type

(a)

Sprays on Ring Main

Vapor

Tray-type direct HX & Spray condenser
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(absolute) i3]
A% K Air-cooled 500 bar 600 °C 18 % RS HEH 5~350m” GiR¥ o B | @EBRBRBER  EAEEA L
(H Az (HAzH) 1% —BR)TERSE | R
7 o
T AR R A4 B 16~25 bar | -25~200°C. @y ARMA AR |1 ~to 1200 m2 Bt 0 R 5k
(F&km SRt %A
EEE TR
40 bar) *
B ZARXBAEXNAZHS 1 bar ~ 600°C. FRNBRBERER |- HAE B 45 AR 3 AR
oY #E W AR
HEEXARHRE 300 bar (%% | —100 to 600°C 1|t E | 025~200m’ per High thermal efficiency, standard
1) (A H ot | 45 unit — multiple units | modular construction.
1400 bar BT R 5) are often used.
().
#4524, % 44 % Heat-pipe ~ 1 bar M E AR Low pressure 100 ~ 1000 m2. T ket AR e R R 0 % BT
200°C - {2974k | gases. 15 P & R 3 e @ AR
FREERENT
YRR TAER
& &
R 100 bar —273~150°C (42 | Low fouling. R B E %% | Very small possible. Incorporation
Plate-fin (424 4) &4) 9 m3 of multiple streams. Very large
200 bar ~ 600°C surface area per unit volume. DT
ré&8) | (Rsh8)
Ep ] &, Printed-circuit 1000 bar 800°C Low fouling 1 to 1000 m2 Very large surface area per unit
(R 4% 48) volume. Stainless steel or higher
alloys normal construction
material.
44 # B 4 K Rotary regenerators ~ 1 bar 980°C. Low pressured Inter-stream leakage must be
gases. tolerated
#% % A Shell-and-tube 300 bar =25~ 600°C (4 | 1# 52 FRAAH B H 10 to 1000 m2 (per Very adaptable and can be used for
(#Al). Ak MR TR | 4 shell — multiple shells | nearly all applications.
1400 bar BHERRED can be used).
(% ). oRY: )
R X 18 bar ~400°C Subject only to ~ 200 m2. High heat transfer efficiency.
Spiral materials of Cylindrical geometry useful as
construction. integral part of distillation tower.
Often used for
fouling duties.
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