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ABSTRACT

The present study has been carried out to examine the formation and movement of dispersed phases in
DCHXs as this dictates the performance of any heat recovery systems including solar thermal energy systems.
Different types of DCHXs are introduced and their operating principles are reviewed in view of fluid
mechanical characteristics of dispersed phases. Different cases of DCHXs using two immiscible liquids are

considered as these cases offer good examples in capturing and image processing of dispersed phases by using
such a technique as electric tomography(ET) without undue difficulties. Also considered is the case of
three-phase problem that needs further investigation to resolve the complicated physical phenomena involved

with the operation of such DCHXs.
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. INTRODUCTION

There exist great opportunities for development of
DCHXs (Direct Contact heat Exchangers) for the
® A DCHX is based on

the direct contact heat transfer concept where one

utilization of solar energy.”

fluid is brought in intimate contact with another at
applications a different temperature. Highly important
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issue as it has diverse efficient heat transfer can
result. The temperature driving force required for the
conventional heat exchanger is greatly reduced in the
direct contact heat exchanger system that operates
with a negligibly small temperature driving force.
Direct contact processes are characterized by
extremely efficient heat transfer with very small
associated capital costs.” both comparisons being
relative to conventional (closed) heat exchangers. A
great deal of work has been done to develop more
efficient and more reliable DCHX for many vears.
In solar energy applications. most of the work is

related to the effective extraction of solar energy



& Stixly oy

sersed Phases in g DOHE for Solar Application

frome the hest transfer medium  which constantly

sirenlat

ws thraugh the collection loop. Among them.
the sprav-column form has drswn more stiention
than others in solar applivations becsuse of

simple but highly ef i design. A diagram of thiz
type of deviee with a solar collsction loop B shown
in F}w, 1. In this case the lghter fluid s injected
ints the hest exchanger through a sparger {ov

the hottom of the heat ewchanger

sistributor}

The design also comld be mod

heavier fald from the top of the heat exchanger

fad

Fig. 1. Schematic diagram of g DOHX for the solar
spplication
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the column The deslgn also conld he modified to
disperse & heavier fluid from the top of the column,
Fig. 1, (bl

1.2 Image reconstruction of dispersed phases
ina DOHX

There are currently many roeasurerment schemes
such as LDV (Laser Doppler Velochmetry)l, PIV
(Particle Image Velocimetry) and other optics]
methods  to  investigate the thermal  hydraulic
behavior of the dispersed vhase In a2 flow field of
any DOHXs Dispersed phase droplets can be
effectively studied by applving Bleetric Impedance
Tomography (BT} technique?. 8) The EIT {(Klscirke
Impedance  Tomography!  technigne,  whirh  wag
originally invented fo oblain the tomopraphic hmape
of human organ, B introdused in the present
analysis to investipate the dynamic motion of
dispersed phases B multiphese flows. The major
difficulty i EIT  technigue e in  image
resonstruction problem, The Hesslan mairiy oveurred
in iterative image reconstruction problem based on
Newton-Raphson method B usually 1 conditionsd,

&

Furthermore, the contrast which & the ratis o

impedance of continuous phase

¥ waler or vapor) i3

that of dispersed phase (usuall

very high In two-phase flows. To cope with these

predicaments in  the solution procedure,  some
modifications  to  the well-known methods  are
proposed  and  tested in the  presemr  study
Reconstructed images of fictitions masses as well as
real ones are examined to assess the validity of the
vresent  scheme in extending ifs scope fo the
dynamic realm of multiphase flows.

Il. EXPERIMENTAL INVESTIGATION

2.1, Thermal hvdrautic behavior

"

Depending on the distributing mechanism of the
dispersed  working fuid  drop  sizes  wvary  quite
comparatively which eould have no small effect on
the thermal performance of a direet contast heat
exchanger (DOHE

According to previous fndings, the drop sizes
most effective to maximize heat transfer rates are in

the range of lmm to Zmm in diameter. Fig. 3 shows
the formation of small droplets s the working Muid &
dispersed from the boftem of 2 spray column type
DEHX B8 the

roal performance Is also given In temm

of temperature varation of the continuoss phase

vlate,

Apart fram  the above configuration. dispersed

nhases It be heavier than the continuous phase

and  strsams downward, The case of Phthalate
sists one of such examples an shown in this

figure. The Phthalate masses {droplets} are moving

el

downward as they sink o a column of water, Fig 4

shows a result of such g casze.

2.2, Image processing of dispersed phases

i there exists 2 great difference in its conductivity
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Fig. 4. Presence of dispersed phage in a8 DCHXL
{2} uniform size masses {dropletsy, {b)
gmall and large masses are mingled
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Fig. 5. Schematic diagram of the experimental
apparatus,

betwesn  the dispemsed and  the

the EIT
: the lncat
sed] phase. This case has besn studisd

{or

nigue I8 quite

Fil]

on and geometric shaps

the case when ong cyiindrical object of pearly
] i placed In oa

ni15%)  whose Lris

fowtherm J. the glectrical

{a} )

Fig. & Heconstrocted resuils for a oyvlindrical objest
which  hss  pearly  the same  electric
resistivity G112 %em) 2 Dowtherm  J,
immersed in & saline sob
fa) actyal image (B! reconsiructed image

resigtivity is measured to Be over 12 8em. which

is practieslly infinite when compared o the saline
sofution. The actual measuremenis are made by

smmbedding 37 stainless stee] slectrodes around the

cvlindrical vessel which holds the saline sslubion
Cuorrentz are Injected through these slecirodes and
the resulting voltages sre memsured fo electricslly
anslvze the domain of intersst. A schematic diagram
of the experimental selup i3 given in Fig 5 Fig &

B the result of the shorementioned case gre aclual
and reconstructed images of the immersed oblect are
given for different locations. The size of the object s
slso examined as it deems to influence the clanty of
onstructed image. It B8 gquite obvicus that the

the rec
present techniome Iv faily scourate i loosting the
tgrpeted mass {obleet). even though mors work in
meeded o obtaln clesr images. The olarity of the
ed image appesrs to be dependent on the

reconshn

fed mass a8 well ag the remow

gize of the targe
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Table 1. Physical properties of Phathalate(Dimethyl)

Molecular Specific Viscosity, Specific Heat. Thern}a_l Freezing Boiling
Formul Densit, Poi Jgc | Conductivity. | poi e | Point, C
ormula ensity oise g W/em'C . .
C8H604 1.052 0.024 157 1.29 x 10-3 -40.5 297.7
Table 2. Physical properties of Dowtherm J
Molecular Specific Viscosity, Specific T'txerrr}a'l c HeaF Freezing Boiling
Formula Density Poise Heat. J/g’C Conductivity. apacn-ty. Point. 'C Point. °C
) W/em'C J/cm3C )

alkylated 0.8067 0.0036 2.07 126 x 10-3 167 733 181.1
aromatic

noises in measured data. Subsequent research is

currently underway to improve its image and
interactive dynamic processing of dispersed phases

for various cases.

lIll. CONCLUSIONS

This work has been carried out to study the
physical phenomena involved in Direct Contact Heat
(DCHXs) in the
utilization of solar energy. A study has been carried

Exchangers connection  with
out to examine the formation and movement of
dispersed phases in DCHXs. Also investigated are
the possibilities of applying of EIT (Electrical
Impedance Tomography) Technique for capturing
the images of dispersed phases as they stream
through a stagnant body of water. In most direct
contact liquid-liquid heat exchangers. oil or
hydrocarbon with a density different (lighter or
heavier) from water is normally used as dispersed
working fluid. This work has studied a number of
cases using different types of heat transfer medium
that are dispersed in a spray column type DCHX.

For image processing. simple cases are considered
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where two dimensional cross-sectional static images
are given for fictitious and actual masses present in a
column of water (saline solution). It shows static
images of dispersed phases where dynamic images
could be obtained by simply extending the algorithms
and strategies employed in the present analysis.
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