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Summary

In many cases of severe fouling and/or scaling of conventional heat exchangers
fluidized bed heat exchangers can be expected to operate continuously with clean tube
walls. Particularly advantageous are circulating fluidized beds due to their wide range of
process stability. However, internal particle circulation is inevitably connected to
backmixing of the fluid and, as a consequence, losses of mean driving force. The losses
are negligibly small in cases of forced convection evaporators but have to be considered
in cases of countercurrent liquid-liquid heat exchangers. Tube erosion by the fluidized
particles is surprisingly low as long as the heat exchangers are operated within the range
of design conditions. The paper discusses the main design criteria and, even more
important, costs and long-term operational experiences of 15 industrial fluidized bed
heat exchangers, some of them logging more than 40 000 hours of operation.

1. Introduction

The technology of fluidized bed heat exchange has been developed during the last 30
years in the USA, The Netherlands, and Germany (Allen and Grimmett 1978; Hatch and
Weth 1970; Klaren, 1975, 1983; Kollbach 1987; Erdmann 1993; Rautenbach, Erdmann
and Kollbach 1991b). The experiences gained with this technology can be summarized
as follows.

(a) In most applications fouling/scaling of the heat transfer surfaces could be prevented.
(b) Heat transfer coefficients at low superficial velocities (v < 0.5 m s™) are excellent.
(c) Pressure losses at the recommended superficial velocity of ~0.5ms” are
comparable to conventional forced convection tube bundle heat exchangers since
conventional heat exchangers are operating at the required velocity of about 2 m's™.
(d) Erosion of the tubes is negligible.
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2. Design

The application of the fluidized bed technique is presently limited to vertically placed
tube bundle heat exchangers. The scaling/fouling liquid and, as a consequence, the
fluidized particles are flowing in the tubes. All our heat exchangers are operated with a
circulating fluidized bed with about 90 per cent of the tubes in upward flow operation
and 10 per cent acting as downcomers. A design program is available at the Institut fiir
Verfahrenstechnik of the RWTH Aachen.
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Figure 1. The fluidized bed heat exchanger and its major elements (circulating fluidized
bed).
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Figure 1 shows the relatively simple design which was a major aim of our development.
According to Figure 1, almost any single pass shell and tube heat exchanger can be
converted into a fluidized bed heat exchanger by a few and quite simple additions: tube
exit nozzles, a large outlet chamber for the separation of the particles, and tube
extensions at the lower end - short extensions for the upward flow and longer ones for
the downcomers.

The short baffle tube above the fluid inlet should be particularly noticed. It induces a lift
effect for the particles, resulting in a significant reduction of the required amount of
particles.

Figure 2 shows the tube inlet and outlet elements and the sieve plate required for an
even distribution of the particles to the tube bundle. Furthermore, it shows the situation
in the tubes during start-up and in steady-state operation.
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Figure 2. Start-up and steady-state operation of a circulating fluidized bed heat

exchanger.
3. Heat Transfer of a Fluidized Bed

The increase of heat transfer between fluid and tube walls by fluidized particles is well-
known (Richardson and Mitson 19581; Wehrmann and Mersmann 1981; Jamialahmadi,
Malayeri and Miiller-Steinhagen 1995). Figure 3 shows the results of experiments with
particles of different material compared with the well-known heat transfer in tubes for
single phase flow.

© Encyclopedia of Desalination and Water Resources (DESWARE) 3



COMMON FUNDAMENTALS AND UNIT OPERATIONS IN THERMAL DESALINATION SYSTEMS - Vol. I - Survey of
Long Time Behavior and Costs of Industrial Fluidized Bed Heat Exchangers - R. Rautenbach and T. Katz

20 =
Stationany Circulating
fluidized bed fluidized bed
,-'—'_E-\
§|‘“E 18T
e
aF
i
b
o
b
B s | without fluidized bed
% o :0,0@3ﬂ FeRBp 04
& Lh
4 all O without fluidized bed
L M Stainless steel oylinders op=2.0mm fz =20 mm
F 0 Aluminum cxids sphess g =2.35mm
i) : ¥ Glasssphenes ch=195mm
Fluid: waterwith T=52"C
0 t } } t } |
0 0.5 1 1.5 2 25 3

Supericial ve ooy v (m 51

Figure 3. Influence of superficial velocity and particle material on tube side heat
transfer. Comparison with single phase flow.

The overall heat transfer accounts for the following three resistances: resistance of the
shell side k, (tube outside), resistance of the tube material, and resistance of the inner
tube side K; (tube inside).

The reciprocal value of the heat transfer coefficient is given by

1_{1 " I}Qerzln(dz/dl)Jri

TRF,2
di 2 2 tube k2

In cases of a heat exchanger heated with condensing steam, the shell side heat transfer
coefficient k, and the heat transfer in the tube material are well-defined. However, the
tube side heat transfer coefficient k; depends on the mode of operation.

3.1. Without a Fluidized Bed (Laminar/Turbulent Pipe Flow)

Gnielinski (1975, 1989) and Dittus and Boelter (1930) proposed the following
correlations for the calculation of the tube side heat transfer coefficient k;:

N\2/3 0.11
2300 < Re <106 v u = K191 _ & /8(Re—1000)Pr 1+(d'] Pr
A 14127 JE78(Pr2/3-1) L Prw

with & = (1.82log o Re ~1.64) ™2

0.11
600 < Re < 7000N u = 0.023 py0-4 Re”[?)
rw
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3.2. Circulating Fluidized Bed in the Tubes

A regression analysis of more then 300 experiments resulted in the following
correlation:
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Figure 4. Influence of backmixing on heat transfer surface area (reference: zero
backmixing).

The circulating fluidized bed has the advantage of very stable operation conditions in a
wide range of flow rates but unfortunately a negative consequence regarding the driving
force. As a consequence of the internal circulating the logarithmic mean temperature
difference decreases and, consequently, the heat transfer area must be increased
compared to a heat exchanger without backmixing. Figure 4 shows the influence of the
recirculation rate R, the heat capacity ratio my, and the dimensionless axial temperature
increase (or NTU) on the heat transfer surface increase (reference: zero backmixing).

k A _ AT ax R_ WRF _ M,RFCp,l + MP,RF Cp,P Je (Mcp)
(Mcp)y  Adin WWAT MWAT Cp,l (Mcp)y

NTU =

Normally, the recirculating rate is between 0.3 and 0.5. According to Figure 4 the effect
of backmixing is negligible in cases of steam heated forced convection heat exchangers
(u=0) as for example installed in multiple-effect evaporators. However, in cases of
liquid/liquid countercurrent a significantly required heat transfer surface area is
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