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Abstract

It is common practice in air-to-water heat pumps to use fin-and-tube heat exchangers as evaporators. The typically used heat
exchanger concept is based on round tubes which are connected by non-adhesive joints. The surface area enlargement for
tubes in the range of 15mm down to 5mm is about 3.5-20. Other concepts like the so-called microchannel heat exchanger
uses typically adhesive joints reaches similar surface area enlargements for stationary equipment.

In order to increase the surface area further on, without using more material, wire structures can be used as fins instead of
metal sheets. In addition fluid flow along wire-based structures experiences a very high heat transfer coefficient due to the
repeating interruptions and small dimensions.

New textile developments enable the fabrication of adapted structures with non-regular grid sizes purpose-built for gas to
liquid and gas to gas/liquid heat exchanger application. At Fraunhofer ISE a variety of textile structure heat exchanger
samples has been manufactured and evaluated.

In this paper a simulation study for different geometries of a flat tube wire structure heat exchanger will be performed and the
integration into air-driven evaporators of residential heat pumps will be discussed. The results will indicate the potential of
wire structures with respect to performance enhancement, material usage and size.
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Nomenclature

a non-dimensional fin pitch a = lj,eral/dwire

A area (m?)

b non-dimensional wire distance in air flow direction b = lngitudinal / Qwire
(o specific heat capacity (J/kg K)

dyire diameter or wire (m)

f friction factor

h convection heat transfer coefficient (W/m2 K)

H height

k thermal conductivity (W/m K)

* Corresponding author. Tel.: +49-761-4588-5412; fax: +49-761-4588-90 00.
E-mail address: lena.schnabel@ise.fraunhofer.de.



Hannes Fugmann/ 12th IEA Heat Pump Conference (2017) 0.4.8.1

Lorl length (m)
m mass (kg)
Nu Nusselt number
D pressure (Pa)
Pr Prandtl number
0 heat transfer rate (W)
Re Reynolds number
temperature (K)
U overall heat transfer coefficient (W/m2 K)

Greek symbols

volume (m3)

B heat transfer surface area density (m#m3)
) thickness of walls or fins (m)

Mo extended surface efficiency

v kinematic viscosity (m?/s)

p density (kg/m3)

0] porosity

Subscripts

air air side

HTS heat transfer surface

HX heat exchanger

st domain between tubes for heat transfer enhancement structure
w water side

fin fins/wires for heat transfer enhancement

lateral / longitudinal

perpendicular to / in direction of major flow direction

1. Introduction

Metal textile structures are widely investigated in regenerative heat exchanger [1], solar energy collectors [2],
electronic cooling [3] and other heat transfer applications. The main reason for their usage is a large value of
surface area density. Essential differences in application are first that the wire structures are used as thermal
storage, second that the wire structures transfer heat by conduction. We concentrate in this article on oriented
wire structures designed for conductive heat transport along the wire and high convective heat transport on the
wire surface area. Therefore these wire structure compete with standard fins, such as wavy fins, offset strip fins
or multi-louvered fins [4] based on metal sheets. Louvered fins were investigated for conventional fin-and-tube
heat exchangers as evaporators in [5-8].

A variety of design ideas for wire structure heat exchangers on flat tubes are shown in literature. Liu, Xu et al.
and other authors [9-11] contact metallic woven wire mesh structures to a flat primary surface, separating the
fluid from the heat source or sink. In [12] screen-fin structures are used instead of woven wire mesh structures.

Tian et al. [13] and Li et al. [14] present wire structure heat exchangers formed of woven fabrics in sandwich
form. The textile cellular metal core sandwich panels in [13] are realized with wire diameters of 0.8 mm and
higher. They show volume specific heat transfer surface areas of less than 1500 m?/m3. Individual mesh layers
are stacked peak-to-peak, either by a brazing alloy or a transient liquid phase alloy, creating the cellular metal
core.

Sahiti et al. [15-17] and Bhunte et al. [18] perform thermal hydraulic simulation of pin fin structures. The
pins have diameter of more than 0.5 mm. They are arranged in parallel between a bottom and top plate. Volume
specific performance of pin fin structures is rated higher than for corrugated fins. Manufacturing processes are
not described. Usual application of pin fins is given in cooling of electronic devices. The pins are generally cut to
length and thereafter contacted to bottom and top plates by e.g. laser welding [19]. This structure is denominated
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as discontinuous parallel wire structure, as the pin fins are interrupted. The pin fin structure differs in
manufacturing from woven or knitted structures; however the final geometry in a flat tube heat exchanger can be
similar. A commercially available technology of continuous parallel wire structure is provided by the Dutch
company Vision4dEnergy [20]. Two gases flow primarily in cross-flow arrangement, separated by a dividing
wall.

Much of the literature focuses either on wire diameter in the range of 0.5 mm in pin fin design or on wire
meshes with non-oriented wires. We have focused in this study on compact heat exchangers with surface
enhancement based on oriented wire structures with diameter in the range of 0.1mm. One fluid in the heat
exchanger was air. This study shall illustrate if heat transfer surface area enhancement with textile structures can
exceed hydraulic and/or thermal performance of louvered fins. The authors concentrate on flat tube heat
exchangers. A design idea is shown in Fig. 1. The authors show different arrangements of wires for this design
idea and evaluate performance based on CFD-simulation. They compare the results to a measurement of a
commercially available pin fin heat exchanger and literature correlation for a louvered fin heat exchanger.

ll flat tube

Fig. 1. Vertical oriented wire structures between flat tubes. Wire structure consists of a variety of single wires. 2D cross section through the
structure for later simulation in black [21].

2. Design ldea and Experimental Setup

In the project EffiMet [22] different knitted fabrics have been manufactured at the textile manufacturer
Visiotex [23]. All fabrics served as basis for heat transfer surface area enhancement. The target was to show
feasibility of manufacturing wire structure heat exchanger based on irregular knitted fabrics. The fabrics were
composed of very dense domains and very open domains. The very dense domains provided the basis for a fluid
separating wall, in the open domains gas flowed around the structure. One fabric is presented in Fig. 2 (left side).

A 4 SRR A L SO E My

WY openarea
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Fig. 2. Possible manufacturing process steps of wire structure heat exchanger: A knitted fabric with dense and open areas (left) is corrugated
in first process step to a 3D structure (middle). In second process step dense areas are contacted to flat tubes, open areas fill space between
flat tubes (right).

For flat tube heat exchangers the fabrics were corrugated, similar to standard fins (see Fig. 2, middle). More
dense fabrics could be corrugated mechanically. The essential idea was to use the more open areas of the fabric
as fin structure almost perpendicular to the separating walls. Thus heat conduction was not inhibited due to
curvature of the wires. The more dense areas of the fabric were contacted to separating walls. A production
sample for a flat tube heat exchanger is shown in Fig. 2 (right side). Therein the corrugated fabrics were
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contacted with a lateral wire distance of 5.4 mm and a fin height of 10 mm to tubes of outer thickness 6.5 mm.
Manufacturing feasibility could be shown in general, however two main aspects were still open. First the lateral
wire distance was 2-3 times higher than comparable compact heat exchangers and corrugation was handmade.
Second the contact of wire structure to the flat tubes was irregular, such that some wires were not contacted
adequately. Performance measurements of heat transfer characteristics showed these limitations.

Final design of corrugated textile fabrics resembled the geometry of a market available heat exchanger from
Vision4Energy [20]. The Dutch company produces a gas to gas heat exchanger used in ventilation systems. The
gases flow primarily in counter-flow arrangement, separated by a dividing wall. Header and distributer are such
that the both air flows are angled with respect to the wire structure block (see Fig. 3 a)). Thermodynamic and
hydraulic characteristics of this heat exchanger were measured [21] at test facilities at Fraunhofer ISE [24] in
order to estimate performance of heat exchangers based on corrugated textile fabrics.

Further on perpendicular flow (Fig. 3 b)) through the gas to gas heat exchanger was measured at the same test
facility with one single air flow. No heat transfer took place, but pressure drop measurements could be done.
Header and distributer were dismantled.

air flow 2

Fig. 3. Section of a gas to gas heat exchanger with continuous horizontal wires. Vertical separation wall formed by adhesive plastic. a)
angled flow with two fluids (Experiment 1) in a combined counter-flow and cross-flow arrangement for determination of heat transfer
characteristics; b) perpendicular flow with one fluid for determination of pressure drop characteristics (Experiment 2).

3. Performance Evaluation Criteria

The heat transfer rate Q of a gas to liquid or gas to gas/liquid heat exchanger required for calculation of air
side performance characteristics can be expressed as

QHX = Unyx Anrsair 4Tm 1)
The overall heat transfer coefficient Uyy is herein related to the heat transfer surface area Ayrs i ON the air
side and the true (or effective) mean temperature difference AT,,. The air side convection heat transfer

coefficient hy;, can be obtained from

1 1 1 Swatl 2

NohairAursair  Unx Aursair  PwAursw  kwauAwau

The second term on the right-hand-side of Equation (2) indicates the water side thermal resistance; the third
term indicates the tube wall thermal resistance. The extended surface efficiency 7, is given in [25] for louvered
and pin fins and expresses the reduction in heat transfer due to limitation in heat conduction through the heat
transfer surface area enhancement.

For evaluation of measurements true mean temperature difference, heat transfer rate, water side and tube wall
thermal resistance are determined (iteratively with NTU-method [25]). Since the extended surface efficiency 7,
is a function of convection heat transfer coefficient h,;,., the value for h,;. can be obtained from Equation (1)
and (2).

Performance evaluation of heat exchangers requires comparable quantities. Different heat exchanger designs
impede a comparison as different characteristic lengths, velocities and temperatures might be used. For a
meaningful comparison non-dimensional and dimensional quantities are related within this study to the same
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characteristic length of enhancement structure height Hg,. The applied quantities are the Reynold number Rey_,,
Nusselt number Nuy_,, friction factor fy_, Prandtl number Pr,;,, heat transfer surface area density g, structure
porosity ¢4 and number of transfer units on air side ntu,;,.[25]. Whereas the last one can be expressed in terms
of the former ones; thus it combines specific performance information.

__ Vairstin Hst. _ hgir Hst, _ Hst 2 Ap . _ Vair PairCp,air
ReHst - v ' NuHst T ki ! stt ey cp2 Pray = K. (3)
air air st PairVair st in air
_ Nohair Aursair _ Nohair L. = Nuy,, L 4
Ntugy = . - B st — R P Mo B st
Mair Cp,air Vair,st,in Pair Cp,air eHst Tair

Based on the Reynolds analogy an increase in heat transfer performance for new design heat exchangers is in
general accompanied with an increase in pressure drop (or an increase in heat exchanger volume/frontal area).
Thus the benefit of “heat transfer” nyh,irAyrs air 1S Paralleled by different “costs”. Considering the approach of
efficiency equals benefit/cost, three key figures could be defined according to Table 1.

Table 1. Key figures for extended performance evaluation; defined as benefit nohai Ayrs air PEr COSt

Cost Key figure Definition Dimension  Transformable to

Dissipated power on the air side Apg;, Vi .

. o . NohairAHTS,ai 3 )

in W, which is proportional to the power gpf?::?:rt:cc W 1K 1Nubg (&) o Kair
of the fans Y ar tair 2 fHg \ReHg Vyir Pair

Material usage for the wire or fin structure mass o . L
mg in kg (excluding fluid guidance, efficienc DotawrCHTS alr - \W/(K kg) Nuy, no B +———
solder material and header/distributor) y Mst Hst prin(1-¢)

Available volume for heat transfer volume h

enhancement Vy, in m? (excluding fluid - DohairdnTSair  wW(KmY)  Nu N0 P
- o efficiency V. Hgt 710

guidance volume and header/distributor) st

k

air
Hst

All key figures are composed of the product Nuy_n, B, the volume specific weight pg, (1 — ¢) and/or the
friction factor fy_ as well as of air/fin properties and/or Hy;/Rey,. The latter two are kept constant for the
performance evaluation in Chapter 5. The first three are considered in detail.

4. Simulation and Correlation
4.1. Simulation of Wire Structure Heat Exchanger

A cross section through a wire structure heat exchanger in direction of air fluid flow and steam fluid flow is
given in Fig. 4. The cross section is based on the 2D face in Fig. 1. The cross section of the wires encompasses
several circular obstacles. The air flow has to pass these obstacles before exiting the heat exchanger. The number
of wires is dependent on the defined length in air flow direction, the diameter of the wires and their distance in
flow direction. In this study the length of the heat exchanger (length of structure enhancement) L, was defined
as 40 mm. The number of wires in flow direction varied between 50 and 250, dependent on the wire distance.

Simulating flow and heat transfer around the wires in the 2D cross section can give a first estimate on the
thermal hydraulic behavior of the heat exchanger. Among others, the simulation is restricted to heat exchanger
geometries and operating conditions, where gradients in z-direction (perpendicular to cross section) of velocity,
pressure and temperature field are negligible small (cf. [21]). In this study the wires are arranged symmetrically
in x-direction, meaning that one characteristic element represents the whole geometry (see Fig. 5).
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Fig. 4: Cross section through a wire structure heat exchanger according to cross section in Fig. 1. Air flow from left to right. White circles
correspond to wire cross section. Higher air velocities in red, lower velocities in blue.

The characteristic element is determined by the wire diameter d.,;.., the distances between the wires and the
total length of the structure Ly,. The distance of wires perpendicular to air flow direction is defined as lateral
distance ljacerar, the distance of wires in flow direction as longitudinal distance liongitudinal (S€€ Fig. 4) . The
velocity field is determined by the structure inlet velocity v,;, o in @nd the structure inlet temperature Tyiy i .

There are no correlations for heat transfer and pressure drop vs. air velocity known from literature for the
specific geometry and operating conditions used in the design concepts, thus detailed CFD simulations are
necessary to obtain this information.

Laminar fluid flow and heat transfer is simulated by using the finite element method (FEM), implemented in
Comsol Multiphysics® (Version 5.2). Boundary conditions for temperature, pressure and velocity are chosen
according to the 2D cross section element in Fig. 5. The simplified continuity equation, Navier Stokes Equation
and equation for energy conservation are describing the system on the air side.

The meshing of the domain is separated into a boundary layer fraction around the wires and a triangular mesh
next to it. The 2D-simulation yields a pressure drop Ap and a convection heat transfer coefficient h;,..

temperature
temperature symmetry gradient
constant T, velocity no slip constant
> A4 =
velocity temperature constant 7,7, pressure
constant Ve t,in symmetry constant

Fig. 5: Boundary conditions of simulation model. Green domain corresponds to air domain; White circles correspond to solid wire [21].

Heat transfer was assumed to take place on the wires only, not on the separating wall. Thus heat transfer rate
might be underestimated with the simulation model. The geometry was varied in lateral and longitudinal wire
distance, keeping Rey , = 2000 constant. The Parameters are given in Table 2.

Table 2. Parameters for 2D-Simulation of wire structure heat exchanger

Description quantity dimension  min max
wire diameter dwire mm 0.1 0.1
non-dimensional fin pitch a = ljateral/ Qwire - 4 22
non-dimensional wire distance in air flow direction b = ligngitudinal/ Awire - 15 7
height of wire structure between flat tubes Hg, mm 10 10

4.2. Correlation of louvered fins

Louvered fins were used for comparison of performance. Dong [4] developed correlations for Colburn and
friction factor versus Reynolds number. The geometry of louvered fins had similar dimensions as the wire
structure heat exchanger design idea. The louvered fin geometry used in this study is presented in Table 3.
Colburn factor (resp. Nusselt number) and friction factor were calculated according to Equation (13) and (14) in
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[4]. For later comparison only one geometry with dimensional fin pitch F, = 2 mmhas been selected, as smaller
fin pitches are not part of Dongs study.

Table 3. Parameters of louvered fin heat exchanger (compare with [4])

Description (parameter name in [4]) Quantity in this study dimension value
fin thickness (&) dfin mm 0.1
fin height (F,) Hg; mm 10
dimensional fin pitch (F,) Liateral mm 2
non-dimensional fin pitch (a = F,/8) a = ljateral/4fin - 20
louver angle (L,) - ° 28
louver pitch (L) - mm 1.2
louver height (Lj) - mm 9

fin length (L) L mm 40

5. Results

Performance evaluation was based on Nusselt number, friction factor and geometrical information. Different
methods of data generation were used according to Chapter 2 and 4:

louvered fin heat exchanger (based on correlations)

wire Structure heat exchanger (based on angled flow; Experiment 1)

wire Structure heat exchanger (based on perpendicular flow; Experiment 2)
wire Structure heat exchanger (CFD-Simulation)

In Fig. 6 a) the Nusselt number is plotted versus the non-dimensional lateral fin/wire distance a. For the
simulated wire structure heat exchanger the Nusselt number is decreasing with increasing lateral distance. This
might be due to increasing maximum velocity through the structure for a more dense structure (lower a). The
Nusselt number is increasing with increasing longitudinal distance b (distance of wires in air flow direction). A
possible explanation for this might be the shadowing of wires in one row for low longitudinal distances. The
Nusselt number for the experimentally determined wire structure is by a factor of 1.2 higher than for the
simulated data (for appropriate a and b). This difference can be explained in part by the fact that the flow
through the wire structure was not perpendicular to the structure, but angled. Thus the wires were not oriented in
row but rather staggered for the inlet air. An increase in heat transfer rate and in pressure drop follows. It might
be reasonably assumed that for a perpendicular air flow the Nusselt number will be smaller. Lastly the louvered
fins show a low Nusselt number, a factor of 10 lower than the experimental data. However the Nusselt number of
the louvered fins is in the range of wire structures with low longitudinal distance b and equal lateral distance a =
20.

A similar curve shape can be examined for the friction factor (see Fig. 6 b)). For the simulated wire structure
friction factor is decreasing with increasing lateral distance a; sensitivity in longitudinal distance b is low for
large values of a and more intense for small values of a. Friction factor for perpendicular flow (Experiment 2)
was determined experimentally and shows good agreement with simulated data of equal geometry. However
friction factor for angled flow (Experiment 1) could not be determined, as pressure drop at Rey, = 2000 was
beyond measurement range of sensors. For Rey , = 1000 the pressure drop of angled flow was three times
higher than for perpendicular flow. Friction factor for louvered fins is higher than for simulated wire structure
(for equal lateral distance a). This discrepancy could be attributed to the homogenous distribution of wires on the
flat tube. Small shifts of wires in lateral direction (e.g. due to manufacturing process) could increase the pressure
drop significantly. This would yield a higher friction factor for the wire structures. It can be reasonably assumed
that friction factor of wire structure and louvered fins for equal lateral distance is in the same dimension.

For an extended performance evaluation not only Nusselt number and friction factor are necessary, but also
information on number of transfer units ntuy_on air side, heat transfer surface area density g, fin/wire structure
porosity ¢ and extended surface efficiency n, as stated in Chapter 3. This information is given in Fig. 7. Number
of transfer units is decreasing with increasing lateral wire distance for the wire structure.



Hannes Fugmann/ 12th IEA Heat Pump Conference (2017) 0.4.8.1

Wire structure and louvered fins resemble each other for same lateral distance a = 20, with slightly higher
values for the louvered fins. This is due to higher Nusselt number for wire structure, but lower heat transfer
surface area density (see Fig. 7 b)) and lower extended surface efficiency (see Fig. 7 c)). Thus, the benefit of
higher convection heat transfer rate (higher Nuy_,) is weakened significantly for equal a = 20. However the
benefit of mass reduction for the enhancement would still be present. As the porosity for the wire structure is
between 0.97 and 0.99, the structures weight is only 20% to 60% compared to the louvered fins with a porosity
of 0.95; note that the wire structure is idealized without wires for stability increase. Thus the positive effect of
mass reduction will slightly decrease in real application.

b_value
0

3 ¢ 15
®:
* =N
200- * ,
65
'
* 4
\ﬁ -I- 2 HX
jI ¢ £ W Lowvered Fins HX - Simulation
=z e @ Wie Structure HX - Experiment 1
. * A viee stucture Hx - Experiment 2
100- * . 4 Wire Structure HX - Simulation
. . 1 *
* ¢ *
° o . %
¢ .
* * Y
a) b) * e 4 .
0 *
5 10 15 20 5 10 15 20
al- al-

Fig. 6. Performance of different heat exchangers (HX; see shape) for different lateral fin/wire distance a (see x-axis) and different
longitudinal wire distance b (see color): louvered fin heat exchanger and wire structure heat exchanger. Reynolds number Rey_ equal to
2000. a) Nusselt number on air side Nuy_; b) friction factor on air side f,_,.

For smaller lateral wire distances heat transfer surface area density is increasing for simulated wire structure.
In combination with higher Nusselt numbers these geometries might be preferable. Fora = 12and b = 1.5a
similar friction factor than the reference louvered fin could be achieved with a significant higher number of
transfer units (factor 1.5).With this configuration either more heat can be transferred at equal length of heat
exchanger in flow direction or the length could be decreased (to 66% of louvered fin length) with the benefit of
lower pressure drop and mass reduction.

Lastly values for a = 6 and b = 3 yield Nusselt numbers four times higher than louvered fins with higher
surface area density. Energetic efficiency (according to Table 1) is 20% higher than for the louvered fins. More
significant volume efficiency is 4.6 times higher and mass efficiency is 5.3 times higher. For the measured wire
structure (with angled flow) volume and mass efficiency is even higher. However, the measured wire structure is
expected to have a very low energetic efficiency at Rey_,, due to angled flow in header/distributor. Fig. 6
together with Fig. 7 allows a selection of appropriate geometries for individual evaporator design.
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Fig. 7. Performance and design characteristics of louvered fin heat exchanger and wire structure heat exchanger (see shape) for different
lateral fin/wire distance a (see x-axis) and different longitudinal wire distance b (see color). Rey, is equal to 2000. a) Number of transfer
units on air side ntuy,,; b) heat transfer surface area density §; c) extended surface efficiency 7,; d) fin/wire structure porosity ¢

6. Outlook to use Wire Structure Heat Exchanger for Heat Pump Evaporators

To use wire mesh heat exchangers for evaporators aspects like frosting, defrosting and condensate retention
need to be investigated. The frost dynamics for conventional sheet metal fins causes leading edge frost growth
and there exist no experience with wire mesh evaporators. In Fig. 8 typical frost growth dynamics is shown for
staged fin configuration as one idea how to cope with inception of frost starting always in the very front of the
fins.

But to deal with wires as surfaces at which frost growth will start it is important to investigate the dynamics
how round tubes or wires will behave with frost on its surfaces. Literature is scarce on this topic and only for
round tubes with internal evaporating flow some investigations can be found. From [26] it is known that frost
layers usually build up with a relatively porous structure and frost layer thickness increases approximately
parabolic with time. However, the tortuosity of the frost layer is dynamic and slowly decreases due to some inner
layer frost accumulation over time. Frost growth stops almost fully when temperature difference between air
humidity saturation temperature and surface temperature becomes below 1.5K [27].

Today’s knowledge on the leading edge frost growth can give an idea how this could take place. Frost starts
on the tip of the fins and begins growing more rapidly than on surfaces downstream due to locally higher heat
transfer characteristics. This is also valid for louvered fins but means that if the multiple leading edges are not
distributed equally in space — which can happen quickly in typical louvered fin topologies — the pressure drop for
the air flow can become forbidden high. The wire offers equally distributed leading edges and if sized adequately
it appears realistic that acceptable operation times during frost growth are possible. But also the flat tube itself
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reacts like a fin leading edge. Depending on the wire surface temperature (fin efficiency) the flat tube can
become the main growth area for frost with wires like pins. However the exact frost growth needs to be
investigated to ensure the real behavior.

] ]
AIR AIR
FLOW FLOW
—

—
= ——
J =
N J
[ Frost Layer v \/
1 Boundary Layer F ISt Row Second Row

Fig. 8. Typical lateral edge frosting within a fin-and-tube heat exchanger [28]

The other two challenging parts are frost and condensate removal. Frost and ice layers will be fixed as if it
stitched to the flat tube by the wires. Thus not only an initial energy transfer for melting is necessary to remove
(flush) the condensate, but it is possible that segmentation and melting of ice and frost layers needs to be almost
finished before it can flow down the free passages between the wire mesh. Thus any possible improvement in
prolonging the operation times and heat transfer characteristics during frost needs to be compared to the
additional energy demand for defrosting.

It is of decisive importance to decrease surface tensions of the wires. In experiments Nawaz [29] has shown
that a compact heat exchanger with comparable louvered fin specification (than used within this work) holds
back about 250 kg water per m? unit volume of the heat exchanger whereas un-/coated aluminum metal foam
with a porosity of 94,2% (10 pores per inch, pore diameter of 3,13 mm) holds back 400kg/m3 or in a state after
surface treatment with the Beomite process still 100kg/mé. To reach the range of retention masses like
conventional fin-and-tube heat exchangers rather small condensate masses are needed (either 80 kg/m3 in an
uncoated state down to about 40 kg/m? in case of hydrophilic coatings [30]). In case effective superhydrophilic
coatings can be applied even fin pitches down to about 1.1 mm do not affect the retention significantly.

7. Summary

The potential for wire structure heat exchangers is inherent in the high heat transfer coefficient of flow around
small scale obstacles. Measurements of heat transfer show convection heat transfer coefficients up to ten times
higher than for louvered fins. Likewise the volume efficiency is significant higher for the wire structure heat
exchanger with lateral wire distance less than a = 10. Additionally the volume specific weight of the wire
structure is for most of the wire structure design cases less (down to 20%) compared to the louvered fin
structure. Both characteristics (high volume efficiency and low volume specific weight) yield a sharp reduction
of material consumption for heat transfer enhancement.

However, the high thermodynamic performance is accompanied with a low hydraulic performance for the
relevant design points of small lateral wire distance. For the measured wire structure with perpendicular flow,
friction factor is eight times higher than for louvered fins. Similar friction factors are reached in the simulation
for analogical design. Still some geometrical design points (a = 6, = 3 ) might allow same energetic efficiency
as louvered fins despite higher friction factors: The higher friction factor could be balanced with the reduction of
flow length due to high volume efficiency, such that pressure drop would stay constant. The design of heat
exchanger based on a parallel wire structure could allow material and volume minimization with increased
volumetric thermodynamic performance without an increase in air side pressure drop.
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