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Plate HEX/Spiral
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Extended Surface HEX/Plate Fin

(a)

(@

Figure 1.18 Fin wypes in plate-fin exchangers: (a) plain, (b) perforated, (c) serrated, (d)

herringbone {adapted from Ref. 4)
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Extended Surface HEX/Tube Fin
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A heat exchanger is classified according to the flow direction of the hot and cold fluid streams

and the number of passes made by each fluid as it travels through the heat exchanger.

Fluid1 Heat transfer surface

Fluid 1

Parallel flow

Heat iransfer surface Fluid1

Counter flow

(d)

FIGURE 2.1
Heat exchanger classification according to flow arrangements.

Fluid 2

Cross flow(1)

Fluid 2

Cross flow(2)
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High Efficiency

i

1

GroovedTUbe’

Q=UAAT,
Q=YL

L /UA is the overall thermal resistance,
per unit tube length

L L Lt, L
—=R= + +
UA mhA kA, mhA,

The reduced L /UA may be used for
one of three objectives

- Size reduction

- Increased UA

- Reduced pumping power for fixed heat duty
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Bergles et al. have identified 13 enhancement techniques.

Table 1.1 Summary of References on Enhancement Techniques as of November 1983

Single-Phase Single-Phase Forced-
Natural Forced Pool Convection Mass
Convection Convection Boiling Boiling Condensation Transfer

Passive Techniques (No External Power Required)

Treated surfaces — — 149 17 53 +
Rough surfaces 7 418 62 65 65 29
Extended surface 23 416 75 53 175 33
Displaced + 59 4 17 6 15
enhancement
devices
Swirl flow devices + 140 — 83 17 10
Coiled tubes + 142 — 50 6 9
Surface tension 30 — 12 1 — +
devices
Additives for liquids 3 22 61 87 — 6
Additives for gases + 211 — — 5 0
Active Techniques (External Power Required)
Mechanical aids 16 60 30 7 23 18
Surface vibration 52 30 11 2 9 11
Fluid vibration 44 127 15 5 2 39
Electric or magnetic 50 53 37 10 22 22
fields
Injection or suction 6 25 7 1 6 2
Jet impingement — 17 2 1 — 2
Compound 2 50 - 4 4 2
techniques
Note: — Not applicable; + no citations located.

Source: Bergles and Webb (1985). 27/61
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Coated surfaces

Liquid in
Vapor out

Figure 1.1 (a) Illustration of cross section of porous boiling surface, (Courtesy of UOP Corporation,

A
Vapor bubble trapped
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Tonawanda, NY.) (b) Attached particles used for film condensation.
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Pool boiling phenomenon
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boiling boiling boiling boiling
— e Y r-, i =X — — T —— — B
4 = .' Maximum X H
]. ] | . -
peiant | (eritical) | A : Low heat flux nucleate pool boiling

i ~ heat flux, Do

: i_n the : Gl o e t : -

e gt : 3 b B: Developed nucleate pool boiling
£ 103 5 : C: Critical nucleate boiling
& 3 ; § D: Transition boiling

10* l E r:z:,‘:r:l;:c |: Leidenfrost point, Denin E: F”m bOlllng

! free surface! l
(1 R T . e S— - —_— —
1 ~5 10 ~30 100 ~120 1000
AT =7T,-7,,.°C

29/61



Su&)|9 33 JIs

Coated surfaces
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Extended surfaces

S\ __j-
—&E YWYV

&

(@)

Figure 1.4 (a) Integral fins on outer tube surface, (b) internally finned tubes (axia? and helical fins),
(c) cross sections of multiply internally finned tubes, (d) tube with aluminum star insert.

Figure 1.3 Enhanced surfaces for gases. (a) Offset strip fins used in plate-fin heat exchanger, (b) louvered
fins used in automotive heat exchangers, (c) segmented fins for circular tubes, (d) integral aluminum
strip-finned tube, (e) louvered tube-and-plate fin, (f) corrugated plates used in rotary regenerators. (From
Webb and Bergles [1984].)
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oI

Rough surfaces Displaced insert

7 obamene e |

(=

=
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Figure 1.5 (a) Spaced disk devices, (b) spaced streamline-shaped insert devices, (c) displaced wire-coil
insert. (From Webb [1987].)

R

Figure 1.2 (a) Tube-side roughness for single-phase or two-phase flow, (b) “rough” surface for nucleate
boiling, (¢) wire-coil insert.

e
L
i

(c

ml
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Swirl flow

DOOCI O

Coiled flow

B

|

|
|
s

8<8))

Figure 1.6 Three types of swirl flow inserts: (a) twisted-tape insert, (b) helical vane insert, (c) static
mixer.

Figure 1.7 Helically coiled tube heat exchanger. (From Bergles and Webb [1985]. With permission.)
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Finned-tube HEX JiR

E Finned-tube heat exchangers have been used for heat exchanger between
gases and liquids (single or two phase) for many years.

B The gas-side heat transfer coefficient is typically much smaller than the
tube-side value, it is important to increase the air-side hA- value.

FEo+ I CorrE
L1 e ¢ ﬁd@l |

Figure 6.1 Finned tube geometries used with circular tubes: (a) plate fin-and-tube used for gases,

(b) individually finned tube having high fins, used for ga 3 o 2 6.2 Air-side geometries used in finned tube heat exchangers: (a) spine-fin, (b) slit type ¢
y g hig ) gases. (From Webb [1987]) (c) Low, integral-fin tube. fins, (d) convex louver fin, (e) Louver fins brazed to extruded aluminum tube, (f) interrupt

sgral to extruded aluminum tube.
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Finned—-tube HEX®] Trend
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Plain fin Louverfin
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Finned—-tube HEXC| Design flow

» Design Flow

Heat transfer Co.
Pressuredrop (air)

Fin & tube design

* Numerical analysis * Heat transfer Co.
» Surface characteristics * Pressure drop (air)
* Geometrical properties * Evaluation

* Pressure drop (Ref.)

System Evaluation

Pressuredrop (Ref.) Detailed Design

* Detaled design
* Press die design

* Cycle Simulation *Tube

* Facility

for

Mass production

' Index for evaluating heat exchanger

Initial costanalysis

Heat Transfer Rate
Material Cost

Index .

initial —

Running costanalysis

Index

Running —

_ Heat Tran sfer Rate
Power .,

40/61




Shell-and-tube HEX(ClA!l 2 ul2t)))
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Shell-and-tube HEX(ClA!l 2 ul2t)))
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Shell-and-tube HEX(C}tAl
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Plate heat exchanger (PHE, & & ul®t)|)
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Historical background of PHE

= The earliest development and usage of PHES were in response to increasingly
stringent statutory requirements from foodstuffs, particularly dairy products,
in the late nineteenth century. The very first patent for a PHE was granted to
a German by the name of Albrecht Dracke in 1878.

= Around 1930, Bergedorfer Eisenwerk of Alfa Lavel in Sweden developed
a similar commercial PHE, the company’s first such products.

Figure 1.1: Patent No. 58504 for an early PHE issued on 5 April 1890 [13].

Figure 1.3: The PHE developed by Bergedorf (courtesy of Alfa Laval),
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Historical background of PHE

= Gasketed plate heat exchanger were introduced in the 1930s mainly for the
food industries because of their ease of cleaning, and their design reached
maturity in the 1960s with the development of more effective plate geometries,
assemblies, and improved gasket materials.

= The brazed plate heat exchanger (BPHE) is simply the most compact, rugged,
efficient and cost effective type of heat exchanger available. 1970s BPHE

technology emerged in Europe to serve the needs of the growing district
heating market.

= 1980s the BPHE was first put into use for two-phase applications

(evaporators & condensers).
* Today’s BPHE’s have more than 30 years of development behind them with

many innovations and improvements in both performance and efficiency.
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Gasketed PHE

Upper carrying bar
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Brazed PHEX

|A stainless steel sheet and a copper foil are pressed to- then placed in a vacuum oven and heated to the melting
gether in a hydraulic press (1A). A number of plates with point of the copper. Because of the surface tension, the
their foils are then stacked with the corrugation angles in liquid copper collects at the edges and the contact points,
opposite directions (1B & C). The plate pack is effectively forming sealed off channels.

¥ B¢ 0l & (Brazing):450°C 0 &0l A *@6% Aot 2MHAE2SE
S M= AGHAI & et S S J1ot &
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Gasketed & Brazed PHE

Table 2.1: Typical operating range of gasketed and brazed PHEs.

Gasketed PHEs

Brazed PHEs

Maximum operating
pressure

Maximum operating
temperature

Maximum flow rate

Heat transfer
coefficient

Heat transfer area

Maximum connection
size

Approach temperature
difference

Heat recovery

NTU

Pressure drop

Number of plates

Port size

Plate thickness

Plate size

Plate spacing

Corrugation depth

25 bar (30 bar with
special construction)

160°C (200°C with
special gaskets)

3600 m? /h

Up to 7500 W/m? - K

0.1-2200 m?
450 mm

30 bar
225°C (minimum ~195°C)

140m3/h
Up to 7500 W/m? - K

0.02-60 m?
100 mm

As low as 1°C

As high as 93%
0.3-6.0
Up to 100 kPa per m channel length

Up to 700
Up to 435 mm
0.4-1.2 mm
0.3-3.5 m length
1.5-5.4m
1.5-5.4 mm
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Plate patterns of PHE

2L
(

N

)

(a) washboard, (b) herringbone or zig-zag, (¢) chev;’on, (d)- protrusibn_s
and depressions, (e) washboard with secondary corrugations, and
(f) oblique washboard.
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PHEC| Geometric effects
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<Ref.> Han et al,, 2004, “Experiments on the characteristics of evaporation of R410A in brazed plate heat exchangers with different
geometric configurations”, Applied Thermal Engineering
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PHE flexible design
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PHE & Shell-and-tube HEX

PHE Shell-and-tube HEX
(Turbulentfiow) (Laminarflow)

(/.—-\ﬁ Boundary layer { reduced heat transfer )
%wo I - I N . - I - 1

Build up impedes heat
l.\ 4/ transfer and increases

pressure drop over time

= Maximum heat transfer = Less efficient heat transfer

* Minimizes fouling = Contributes to fouling

= Keeps particulates in suspension = Creates boundary layer

= Self-cleaning turbulent flow = QOver time pressure drop rises
* Requires less velocity = Over time heat transfer drops
= Typically 1/6 the size of laminar device = Used in shell & tube, coax, etc.
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PHE & Shell-and-tube HEX

Brazed Plate Heat Exchanger
Heat transfer utilizes almost all the
material in the heat exchanger.

A 50 Ton [176 kW] heat exchanger
weighs less than 220 Ibs [100 kg] and
Is less than 2 feet [.609 m] tall and

1 foot [.304 m] wide.

Shell & Tube Heat Exchanger
Heat Transfer only takes place at the
tube bundle.

A 50 Ton [176 kW] S&T weighs over
20001bs [907 kg] and is as much as
12 feet [3.65 m] long.
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Pump type*
w P
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DP: Differential pressure transducer, P: Pressure transducer, MFM: Mass flow meter
SG: Sight glass, T: Thermocouple, W: Power meter,

* CEEE, Department of Mechanical Engineering, University of Maryland
* X Z01(2Y SHEHsSt L JIHBE D), 2004, “Eol M MY &
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Finned-tube HEX A

ol

I AlAH]
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Finned-tube HEX AsTJ} A|AH

Environment Control System
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= I _j Condensery A .
- Evaporator Test Air-To-Water
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Plate HEX A
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Plate HEX d=3JI AlA

° 0
i i i i Isothermal
O o Water Bath 2
BPHE Condenser 1
©000 Test @FD (Shell and Tube type) ©000O
| Section ]C? - I
an OeC
Mj = L I i i
O
Isothermal é éé X
Water Bath > ©©00
0 & -
A |_Q
Condenser 2 v
(Platetype) o a - m
A Ventilation
Isothermal
Vacuum Pump Valve isothermal
(for Main Cycle Vacuum) 0O - Glycol/Water Bath
Magnetic gear pump
Preheater Preheater
X valve ® Temperature ® Pressure Differential Pressure —  Water
—— Refrigerant
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Plate HEX AlsSTdJI X

& (ARl V&)

B S5 8A=s%EJI(ARI Standard 450-1999)
. Minimum Actual
Rating Saturated Condensing Temperature of the Temperature Temperature
Temperature of the X . . .
Group X . Entering Refrigerant of Entering Water of Leaving Water
Entering Refrigerant Vv
apor
°F T °F T °F T °F C
1 105 40.6 125 51.7 75 23.9 95 35
2 105 40.6 125 51.7 85 29.4 95 35
3 85 29.4 105 40.6 50 10 70 21.1
4 100 37.8 120 48.9 70 21.1 85 29.4
B 52 8SsEIJ(ARI Standard 480-2001)
Entering Liquid Leaving Liquid Saturated Refriergnt Liquid Ref.rigerant
Rating Liquid Being Temprature Temperature Temperature Leaving En_tenn .
Condition Cooled the Evaporator Expansion Device
°F C °F C °F 0 °F C
1 Water 54 12 44 6.7 35 1.7 100 37.7
2 30% ethylene glycol 20 -6.7 15 -9.4 5 -15 100 37.7
3 Water 68 20 60 16 43 6.1 110 43.3
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