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In this study, a computational fluid dynamics (CFD) model is employed to examine the
feasibility of utilizing corrugated polymer-based heat exchangers for low-temperature
applications. The k-o Shear Stress Transport (SST) turbulence model is implemented for
simulating turbulent fluid flow within the flow channels in cases with corrugations and
varying Reynolds numbers, while a laminar model is applied for the flat heat exchanger
cases. The simulations reveal that, under specific conditions, polymer-based heat
exchangers exhibit effective heat transfer performance for low-temperature applications.
When the heat exchanger's polymer surface thickness is less than 2.7 mm and possesses
corrugations, its heat transfer efficiency surpasses that of flat aluminum heat exchangers
with the same thickness. Furthermore, the analysis of the thermal-hydraulic performance
demonstrates that incorporating small, widely-spaced corrugations on the heat exchanger
surface yields optimal heat transfer relative to the increase in pumping power. These
encouraging findings emphasize the need for further experimental investigations to
validate the performance of corrugated polymer-based heat exchangers in low-temperature

applications.

1. INTRODUCTION
1.1 Background information

Heat exchangers (HXs) are essential devices for facilitating
heat transfer between two fluids [1]. While the design and
operation of HXs are well-established, emerging
manufacturing techniques offer new possibilities for their
fabrication. In recent years, additive manufacturing
(commonly referred to as 3D printing) has garnered significant
interest as a promising approach to HX production.
Traditionally, HXs are manufactured from highly conductive
materials to minimize heat conduction resistance and enhance
heat transfer rates. Various methods, such as incorporating
turbulators or corrugations within the HXs, can further
improve heat transfer rates [2, 3]. However, fabricating HXs
with these features can be challenging or even impossible
using conventional techniques [4]. Additive manufacturing
offers a solution to these difficulties, enabling the design and
production of HXs with intricate features in a single step. As
3D printers become more accessible, the cost and
manufacturing constraints associated with HX production are
likely to decrease [5].

1.2 Literature review

Heat exchangers come in a variety of designs, including
shell and tube, plate, spiral, and compact HXs. Numerous
studies have explored the use of 3D printing for HX design
and fabrication. Haertel et al. [6] investigated polymer
filaments filled with conductive metals for constructing 3D-
printed HXs, which were employed as condensers in dry-
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cooled power plants. By optimizing the air-side design of the
HX, the researchers identified the ideal combination of
conductive metal materials and cell unit height for 3D-printed
HX performance. Kim and Yoo [7] introduced a novel method
for designing the complex core of compact HXs, which is
difficult to achieve using conventional computer-aided design
(CAD) packages. Using MATLAB and the volumetric
distance field method, the researchers generated intricate
geometries for 3D-printed HXs, resulting in ultra-efficient
designs with minimal pressure drop. Lowrey et al. [8]
fabricated an air-to-air polymer plate heat exchanger using
fused deposition modeling and compared its performance to
an aluminum counterpart. Under dry conditions, both HXs
exhibited similar performance, while the aluminum HX
outperformed the polymer version under wet conditions.

Additionally, Puttur et al. [9] developed an innovative lung-
inspired, desiccant-coated HX for controlling indoor humidity
in buildings. The complex shape of the HX facilitated greater
interfacial area between air and desiccant, as well as reduced
pressure drop. Experimental results demonstrated that the new
design outperformed standard desiccant-coated HXs by a
factor of two. Ahmadi et al. [10] created a 3D-printed, lung-
inspired ceramic HX for high-temperature applications
without gas leakage between hot and cold surfaces. The
ceramic 3D-printed HX showed a 71% improvement
compared to milli channel HXs.

Computational fluid dynamics (CFD) is a valuable tool for
analyzing and studying the flow field within 3D-printed HXs,
which often exhibit high heat transfer rates due to complex and
turbulent fluid flow. Laitinen et al. [11] developed a 3D-
printed aluminum HX and evaluated its performance using
both experimental and CFD methods. Employing various
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turbulence models, such as k-g, k-o SST, and large-eddy
simulations (LES), the researchers found that k-@ SST and
LES models showed good agreement. Wang et al. [12]
proposed a 3D-printed, fractal-tree-like HX and studied its
hydrodynamic performance experimentally and numerically.
Their results indicated that the fractal tree-like HX achieved
high heat transfer rates with low-pressure drop.

Polymer HXs offer several advantages over conventional
designs, including lower cost, reduced weight, anti-corrosion,
and antifouling properties [13]. When additively
manufactured, polymer HXs can achieve large heat transfer
surface areas with thin walls and complex flow channels that
promote turbulence. However, further study is needed to fully
exploit the potential of 3D-printed HXs.

This paper employs a CFD approach to investigate and
evaluate a 3D-printed flat plate HX. The primary objective is
to examine the effect of polymer-based 3D-printed HXs on
heat transfer rates, comparing their performance with
aluminum HXs and assessing the impact of mixing promoters
or corrugations. Additionally, the results are validated using
existing experimental work from the literature.

2. MATHEMATICAL MODEL

The conservation of mass, the conservation of momentum,
and the energy equations are solved numerically, and their
mathematical form is given as:

The conservation of mass

6ul- _

6xi - (1)
The conservation of momentum as:
ow _ _1op 10 ( 0w
U; ax;  pox + p dx;j <,Ll 6x1-> @)
The energy transport equation as follows:
aT k9 for
jax] pcp 0xj (ax]> (3)

where, p is the fluid density, p is the pressure, 4 is the viscosity,
T'is the temperature, & is the thermal conductivity, and ¢, is the

specific heat of the fluid inside the HX. u; is the velocity vector,

and 7 and j are tensorial indices.

Several of the simulated cases for the 3D-printed HX are
considered turbulent. The k- shear stress transport (k- SST)
turbulence model is used [11, 14]. The laminar model can be
used for smooth channels of the HX and with low Reynold
numbers. However, for the complex shapes of the flow
channels and with relatively high Reynold numbers, a suitable
turbulence model must be used to capture the effect of large
and small eddies and their impact on the thermal-hydraulic
performance of the HX. The k-w shear stress transport model
equations are given as:

Ouj _ _19p L 19 9u;
Yoy = “pox T pox, ((u He) 5 ) “4)
o _ 9 (k4 #e )OT
uj oxj - oxj ((pcp + pPrt) 6xj) (5)
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where, Pr; is the turbulent Prandtl number,

ak
p max(a,w,SF)
magnitude.
The turbulent kinetic energy equation £ is given as:

and u, =
is the eddy viscosity, and S is the vorticity

a(pk)
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The specific dissipation rate w is given as:
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where, y, a1, B, f°, 0, 00, and o, are closure coefficient and
Fi, F, are blending functions. More details about these
parameters can be found in the study [14].

Most HXs operate for long periods. Thus, they can be
modeled as steady-flow devices. As such, the values of the
inlet velocities and temperature remain the same. Also, the
specific heat of the cold and hot fluids changes with
temperature. However, an average value over the range of
temperatures can be considered. The heat transfer occurs only
between the two fluids, and the heat transfer to the surrounding
is negligible and thus can be modeled as an insulated surface.
Therefore, from the first law of thermodynamics, the rate of
heat transfer can be calculated as:

T, in) or Q =1my, Cph(Th, in—

Th, out

Q= mc Cpc(Tc, out —

®)

where, 1, and 1, are the mass flow rates of the cold and hot
fluids, respectively. ¢, and c,, are the specific heats for the
cold and hot fluids, respectively. 7T'is the fluid temperature, and
the subscripts # and c¢ indicate the hot and cold fluids,
respectively. The heat transfer rate can also be calculated as:

Q =UAAT,, 9)

— + Ryan tor is the overall heat transfer

coefficient, and Ryan can be 1gnored if the thickness of the
walls of the HX is small and the material's thermal
conductivity is high. A4 is the area of heat transfer, AT}, is the
log mean temperature difference, and it is defined as:

where, U = o

AT, AT,

ATun = L arejary)

(10)

where, AT; and AT, are the temperature differences between
the inlet and outlet of the two fluids, as seen in Figure 1.

Th.out Mter Th,in
AT, AT,
Tetn Cold water T o

Figure 1. Log-mean temperature difference

The Reynold number formula is used to estimate the flow
regime inside the polymer HX, and it is given as follows:



(11)

where, D is the hydraulic diameter of the HX.
The average Nusselt number inside the HX can be
calculated using the following equation:

Nu =22 (12)

where, & is the convective heat transfer coefficient, k£ is the
thermal conductivity of the water, and D is the hydraulic
diameter of the HX.

2.1 Geometry

Additive manufacturing made it possible to manufacture
complex geometries. This feature of 3D printing can be
utilized in designing and fabricating HXs. Currently, polymer-
based 3D printing is relatively cheap and accessible. At the
same time, precise metal-based 3D printing is expensive and
not easily accessible. However, some companies and
Universities offer metal 3D printing services without needing
costly printers. However, CFD has good potential in modeling
the flow and heat transfer in the complex shapes of the HXs
before physical printing and testing. The geometry presented
here can be manufactured with conventional means. However,
the main idea is to test the feasibility of 3D-printed polymer-
based materials in the design of HX using CFD. If proven
feasible, complex shapes can be further studied.

The proposed additively manufactured polymer-based HX
is modeled using Ansys Fluent. The flow field inside the
channels is resolved to study the thermal-hydraulic
performance. There are two primary geometries used in the
simulations. The first one is a flat plate HX. The second one is
a corrugated plate HX. The geometry of both HXs is given in
Figure 2. The main idea of the corrugated HX is to introduce
turbulence for better heat transfer enhancement and not to have
excessive pressure drop. The corrugations are given as semi-
circular shapes along the HX surface. The semi-circular shapes
are built with four different diameters. Also, the semi-circular
shapes are arranged in three different pitches. Notably, the
semi-circular shapes in one channel make a pocket-like shape
in the adjacent channel. So, a series of protrusions and pockets
are arranged in each channel that makes the HX.

360 mm

/
/]
4

Hot water Inlet
2mm  —

Cold water Inlet 2mm

Polymer HX Walls
(a) Flat polymer-based HX
360 mm
\/ e\ [ \\ 2 ot water infet
Cold water Inlet \ \JP -/ / N1, o

-/ UV\J

Polymer HX Walls

(b)

Figure 2. Schematic diagrams for the proposed polymer-
based HX

Corrugated polymer-based HX
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2.2 Numerical model

To better understand the effect of different parameters on
the performance of the HX. The simulations are made with
varying flow rates, giving Reynold's numbers of 1200, 1500,
2000, 2500, and 3000. The characteristic length of the height
of the semi-circular shape is variable and equal to e¢D=0.25,
0.375, 0.5, and 0.625 where D is the hydraulic diameter of
either the hot or the cold channel. The distance between the
semi-circular shapes in the streamwise direction was varied as
P=10, 13, and 16 mm. Other shapes for the corrugations can
easily be modeled as well, but the semi-circular shape was
chosen for its simplicity. The main idea of using a semi-
circular shape is to test the validity of 3D-printed polymer-
based material to construct HXs. However, metal 3D printing
is feasible but expensive.

The simulations in this study are assumed to be steady state,
and no initial condition is given other than the standard
initialization to run the steady state simulations. The inlet
boundary condition is velocity inlet, and the average velocity
at the inlet section is calculated based on the Reynold numbers
mentioned above and equation (Eq. (11)). The outlet boundary
condition is a pressure outlet with zero-gauge pressure. The
polymer surface separating the cold and hot fluids has coupled
boundary conditions modeled according to (Eg. (8)). The hot
and cold channels' top and bottom surfaces are modeled as
insulated surfaces or surfaces with zero heat flux.

A SIMPLE scheme was used in the pressure velocity
coupling. A second-order scheme was used for the spatial
discretization of the pressure equation, and a second-order
upwind for momentum, turbulent kinetic energy, specific
dissipation rate, and energy equations.

2.3 Mesh study

All the given geometries are meshed using Ansys fluent
meshing software. The nature of the geometry makes the
number of elements high, and a high-performance computer
(HPC) is needed to perform the simulations. An unstructured
mesh was used to mesh the geometries in the semi-circular
shape case. At the same time, a structured mesh was used for
the flat plate heat exchanger case. The mesh near the heat
transfer walls is made fine enough to capture the thin thermal
and velocity boundary layers. Figure 3 (a) shows a snapshot of
the mesh used in the simulations for the corrugated cases.

A mesh study was performed on the semi-circular shape
plate heat exchanger. Six types of meshes were used, M1 to
M6. Where Table 1 shows the details of the mesh used in the
simulations. All the mesh study cases were set with a Reynolds
number of 3000, a wall thickness of t=0.5 mm, seven
automatic inflation layers, and with counter flow arrangement.
The k- SST model is used in the mesh study. All simulations
had a residual of less than 1e-3. A SIMPLE scheme was used
for the pressure-velocity coupling and a second-order upwind
for all the transport equations.

Figure 3 (b) shows the results of the mesh study. To
conclude a mesh-independent status, the friction factor in
either channel of the HX was calculated. As shown in Figure
3 (b), the friction factor converges to around the value of 2.2
for the mesh count of 250,000 elements. Also, the value of the
friction factor with the 128,000 elements is close to the
250,000-mesh element. Therefore, the 128,000 elements case
was chosen in the rest of the simulations.



Table 1. Details of the mesh elements and the y* values for the six different meshes used in the mesh-independent study

Mesh M1 M2 M3 M4 M5 M6
Count 10,000 26,000 49,000 78,000 128,000 245,000
y* 1.35 1.66 1.21 0.91 0.64 0.42

@ Mesh used in the simulations
3.2+
3k
28:
LS
26
22¢F
ISO(I)OO I 1|00j00|0 15(1!.000 2|00‘00|0 ‘ 250000
No. of Mesh Elements
(b) Friction factor with the number of mesh elements
Figure 3. Mesh study
2.4 Validation

The CFD model was validated with existing experimental
work from the literature [15]. Their experiment uses a water-
to-water plate heat exchanger with corrugations to investigate
the convective heat transfer coefficient. The plate heat
exchanger consisted of two flow channels and three plates with
a counter-flow arrangement. The corrugations made in the
plates are chevron-type corrugations with an angle of 30<and
60< The water was circulated in the flow channels so that the
Reynold number is between 500 and 2500. Figure 4 (a) shows
the geometry used to validate the model with the experiment.
A 3D geometry was used to capture the primary and secondary
flows in the validation. The corrugations made in the geometry
were set to a chevron angle of 60< The validation results are
shown in Figure 4 (b), where the average Nusselt number in
the reported results of the experiment is compared with the
average Nusselt number from the CFD model. The results
show a good match between the experimental results and the
CFD model. Therefore, the CFD model can be considered
validated.

The thermal conductivity of polymer-based materials is low
compared with metals such as aluminum. The well-known
polylactic acid material (PLA) that is widely used in desktop
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3D printers has a low thermal conductivity and a low melting
temperature point. However, the development of new
filaments is rapidly evolving, and new types of filaments
appear in the market regularly. One of the interesting new
polymer-based filaments is the one produced by (TCPOLY)
under Ice9™ [16]. As indicated by the technical data sheet for
the filament, the material is thermally conductive and
electrically  non-conducting. The reported thermal
conductivity is 6 WAm-K), the density is 1400 kg/m?, the
specific heat is 1300 J{kg'K), and the maximum continuous
temperature is 110°C. The properties of this material are used
in the CFD simulations of this study as the polymer-based
material.

@

Validation geometry schematic diagram
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(b) Validation results
Figure 4. Validation results for the CFD model with the
experimental work

3. RESULTS AND DISCUSSION

One of the essential results in the design of any HX is the
pressure drop that develops during the operation. The
introduction of the corrugations inside the HX enhances the
thermal performance of the HX but the pumping power
increases. Figure 5 shows the results of the simulations and
how the friction factor changes with the different parameters.
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Figure 5. Friction factor inside either the hot or cold side of
HX

It is apparent from the results presented in Figure 5 that the
friction factor has the lowest values when there are no
corrugations present inside the HX. The introduction of semi-
circular corrugations increases the friction factor inside the
HX. As the height of the corrugations is increased, the friction
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factor increases.

Figure 5 (a) shows the friction factor inside the HX for
tightly spaced corrugations, namely P = 10 mm. For the
highest value of /D, the friction factor is the greatest. As the
corrugation height decreases, the friction factor also decreases.
However, for the same e/D case, the friction factor decreases
slightly and is almost constant with Reynold's number.

Figure 5 (b) and (c) show the same trend as Figure 5 (a).
However, the friction factor values increase as the spacing
between successive corrugations increases.

The trend of the friction factor shown in Figure 5 is identical
to the well-known Moody chart. In a typical Moody chart, the
friction factor values with the Reynold number in rough pipes
with a wholly turbulent flow are independent of the Reynold
number. This trend in the results is reassuring and can be
considered as another validation for the results of the
simulations presented in this study.

Figure 6 shows the results of the average Nusselt number
inside the HX as a function of the Reynold number for
different heights of corrugations. Figure 6 (a) shows the
Nusselt number variations for P = 10 mm. As expected, the flat
HX case has the lowest values of the Nusselt number. As the
corrugation's height increases, the Nusselt number value
increases. Also, the Nusselt number increases linearly with the
increase of Reynold's number. It is to be noted that the gap
between the values of the Nusselt number for the flat case and
the corrugation is high, especially at high Reynold numbers.
This gap suggests that even any small corrugations in the HX
will give good mixing and high values of Nusselt number.

Figure 6 (b) and (c) show a similar trend in the average
Nusselt number results for P = 13 and 16 mm, respectively.
However, the average Nusselt number values are higher in
each case. Thus, tightly spaced corrugations are not beneficial
for the average Nusselt number.

Figure 7 shows the overall thermal-hydraulic performance
of polymer HX. As the corrugations are introduced inside the
HX, the average Nusselt number increases at the expense of
the pumping power. To better understand the gain in
increasing the average Nusselt number with friction factor, the
thermal-hydraulic performance is used as an index to justify
the addition of the corrugations. A value for the thermal-
hydraulic performance greater than unity indicates that the
average Nusselt number increase is beneficial, and the added
pumping power is justified. As the value for the thermal-
hydraulic performance increases, the polymer heat
exchanger's performance will improve.
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Figure 6. Nusselt number for the HX

All the sub-figures in Figure 7 show the same general trend
for thermal-hydraulic performance. The small corrugation
(e/D)=0.25 inside the HX had a better performance than the
large corrugations (e/D)=0.625. For P=10 mm, the (¢D)=0.25
corrugations had a 19% enhancement in the thermal-hydraulic
performance at a Re=1200 compared to (¢D)=0.625. The
enhancement in the thermal-hydraulic performance is 16% and
19% for P=13 and 16 mm, respectively at Re=1200. Also, the
thermal-hydraulic performance decreases with increasing the
Reynold number, which stays at almost a constant value for
the higher Reynold numbers. As the pitch of the corrugation is

further spaced, the thermal-hydraulic performance is enhanced.

The thermal-hydraulic performance is calculated based on the
following equation taken from [17]:

THP =

I (13)

Figure 8 compares flat HX between polymer-based HX and
an aluminum HX. The same thickness for the HX was used in
both cases. The use of aluminum HX is superior to polymer-
based HXs since the thermal conductivity of aluminum is
higher than any polymer material. However, when the

thickness of the polymer HX is thin, the heat transfer rate in
the HX can be good enough for some applications.
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Figure 7. Thermal-hydraulic performance for the HX

Figure 8 shows that for a HX with a thickness of 0.5 mm the
average Nusselt numbers are not far from each other. The
results show that the difference in the average Nusselt number



between polymer-based HX and Aluminum HX is small at low
Reynold numbers. However, as the Reynold number increases,
the difference in the average Nusselt number between
polymer-based HX and Aluminum HX is larger. These results
might indicate that polymer-based HX is preferable at low
Reynold numbers if the polymer is needed as an HX material.
However, at high Reynold numbers, aluminum-based HX is
better.

36—

| Polymar HX
|| — — — Aluminum Hx

30F

25F

Nu

20F

1‘?000 1500 2000 2500 3000
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Figure 8. The average Nusselt number with Reynold number
in a flat heat exchanger with different materials for the HX,
polymer, and aluminum
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Figure 9. Comparing the average Nusselt number for flat
Aluminum HX with polymer-based heat exchangers for
corrugation height of eD=0.25 at different pitch spacings for
an HX thickness of 0.5 mm

Figure 9 compares the average Nusselt number with the
Reynold number for flat aluminum-based HX and corrugated
polymer-based HX. Both HXs have a thickness of 0.5 mm.
This comparison sheds light on the possibility of using
corrugated polymer-based HX for low-temperature
applications. The thickness of the corrugations in the polymer-
based HX is &D=0.25.

From Figure 9, the average Nusselt number in the polymer-
based HX is higher than the flat aluminum HX. The difference

608

in the average Nusselt number between aluminum and
polymer-based HXs is small at low Reynold numbers. The
difference in the average Nusselt number between the
corrugated polymer-based HXs and the flat aluminum HX is
high at high Reynold numbers. These interesting results
indicate that using polymer-based HXs with corrugations is
more beneficial for heat transfer than using flat aluminum-
based HX. Of course, aluminum-based HX is mechanically
more robust and can withstand high temperatures without
degradation.

From Fourier's law of heat conduction, the rate of heat
transfer depends on the temperature difference across the
material, the material type, and the thickness of the material
according to the one-dimensional form as gx=-k dT/4x. In the
case of plate HXs, the comparison is between two types of
materials. Aluminum has a thermal conductivity of around 202
WAm'K) is compared with a polymer material that has a
thermal conductivity of 6 W/Am-K). Aluminum is superior to
polymer when it comes to thermal conductivity. However, this
section of the results discusses the effect of adding
corrugations to the polymer-based HX and to be compared it
with a flat aluminum HX. Adding the corrugations to the
polymer-based HX will help increase the convective heat
transfer and might supersede the high thermal conductivity of
the aluminum.

Figure 10 shows the average Nusselt number as the
thickness of the HX is varied from 0.5 mm to 3.0 mm at a
Reynold number of 3000 for the flat aluminum and the
corrugated polymer HX.

— — — Aluminum HX
Polymer HX

80F

60

Nu

4ot

20

5 2 25 3
Plate HX thickness (mm)

Figure 10. Comparing the average Nusselt number versus the
plate HX thickness for flat aluminum HX with polymer-
based heat exchanger containing corrugations with P = 16
mm and &D=0.625 and a Re=3000

The results show that at a thickness of 0.5 mm the Nusselt
number in the corrugated polymer HX is almost three times
higher than the flat aluminum HX. As the thickness of the plate
HX is increased to 1.0 mm the average Nusselt number drops
drastically in the corrugated polymer HX. The same behavior
is observed with the flat aluminum HX, but the average
Nusselt number reduction is small. The corrugated polymer
HX at a thickness of 1.0 mm still has a higher average Nusselt
number than the flat aluminum HX. As the HX thickness is
increased from 1.0 mm to 3.0 mm, the average Nusselt number
in the flat aluminum HX is slowly decreasing and is almost



constant. The average Nusselt number in the corrugated
polymer HX is reducing linearly as the thickness of the HX is
increased from 1.0 mm to 3.0 mm. At around 2.7 mm of HX
thickness, the conduction resistance in the polymer HX
increases, which reduces the heat transfer rate inside the
polymer HX. Therefore, the average Nusselt number in the flat
aluminum HX is becoming better than the corrugated polymer
HX after 2.7 mm of HX thickness.

The addition of the corrugations enhances the convective

heat transfer in HXs and increases the average Nusselt number.

We must look closely at how the corrugations enhance the heat
transfer inside HXs.

Figure 11 shows the local variations of temperature along
the surface of the corrugated HX at the hot side of the HX.
From Fourier's law of heat conduction, the heat transfer rate
increases as the temperature difference between the hot and
cold sides increases. However, as the fluid passes through the
hot side of the HX, the average temperature decreases along
the length of the HX and especially near the cold side wall.
The hot fluid far away from the cold side wall has a higher
temperature at the same streamwise location.

The addition of corrugations allows the mixing of the fluid
in the hot channel, which increases the average fluid
temperature near the cold side wall. Therefore, the rate of heat
transfer increases compared with the flat cases.

Figure 11 shows the temperature variation along the
streamside direction. The direction of the flow is from right to
left. As the water enters the hot side of the HX, naturally, the
water is cooled because of the heat exchange with the cold
water. Therefore, the temperature of the hot water decreases.
The addition of corrugations helps in momentum mixing. The
mixing brings the hot fluid far away from the HX surface and
mixes it with the cold fluid. The presence of the corrugations
makes the temperature almost constant. As the fluid clears
from the corrugations, the temperature drops. As the
temperature profile for the corrugated case is compared with
the flat case, the flat case has a high thermal boundary layer

growing along the streamwise direction, reducing heat transfer.

The corrugation breaks the thermal boundary layer over the
HX surface.
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Figure 11. Comparison between the temperature profiles
along the surface of the HX in the hot side from inlet to outlet
for the corrugated case ¢D=0.625 and P=16 mm, and
Re=3000 and the flat case with Re=3000
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4. CONCLUSION

This paper discussed the possibility of using polymer-based
materials in the design of heat exchangers. Typically, heat
exchangers are made of highly conductive materials for a
better heat transfer rate. However, with the advent of additive
manufacturing and the widespread use of 3D printers, using
polymer materials in the design of heat exchangers might be
helpful.

The thermal conductivity of polymer materials is generally
low and cannot be compared with most metal materials.
However, some new polymer-based materials have a higher
thermal conductivity than regular polymers that can be used in
the design of heat exchangers.

Using a polymer-based heat exchanger is explored using
computational fluid dynamics simulations. Ansys fluent is
used as the CFD tool in all the results obtained. The main
objective of this paper was to study the effect of 3D polymer
printed HXs and how the heat transfer rate can be increased
using mixing promoters (corrugations) and be compared with
aluminum HXs.

Two-dimensional geometry is used to conduct the
simulations. It was made sure that the results obtained from
the CFD simulations were mesh independent. Also, the model
was validated against an existing experimental result from the
literature. The results showed good agreement with the
experiment, and the CFD model is considered validated.

The main results of the CFD simulations show an excellent
prospective for using polymer materials in heat exchangers.
The heat exchanger surface should be as thin as possible to
reduce the conduction thermal resistance. Also, corrugations
should be used to enhance the rate of heat transfer. The
corrugation height should not be high to avoid the high
pumping power related to the increase in the friction factor.
From the analysis of the thermal-hydraulic performance, high
thermal-hydraulic performance is achieved as the pitch of the
corrugations is increased, and the height of the corrugations is
decreased with a low flow rate.

When the corrugated polymer-based heat exchanger is
compared with the flat aluminum heat exchanger, the
corrugated polymer-based heat exchanger performs better
when the thickness of the heat exchanger surface is less than
2.7 mm. After that, aluminum HX is superior.

It is to be noted that polymer-based heat exchangers will
have a limited temperature range of operation (110°C) since
the polymer materials will not withstand high temperatures.
However, 3D printers are becoming cheap and widely
available so 3D-printed heat exchangers can be used in many
special applications.

Also, the study has several limitations, namely, that it is
two-dimensional. Turbulent fluid flow is complex, and fluid
flows are three-dimensional. The geometry presented here is
two-dimensional and secondary flows are not resolved. All the
cases are simulated as steady-state cases, and fluids are
transient. However, high computing power is needed to
produce transient and fully turbulent results.

Many practical complications may arise with 3D-printed
heat exchangers, such as materials degradation and liquid
leakage between the 3D-printed layers. Future work suggests
that experiments are needed to ensure that 3D-printed heat
exchangers can handle liquid-to-liquid heat transfer without
mixing from the leakage between the layers. Also, the research
could be pointed toward developing new polymer materials
with high thermal conductivity and endurance. Furthermore,



CFD simulations using 3D geometry might be necessary to
understand the flow field inside the HX better. Several unique
corrugations might be used in the 3D polymer-based CFD
simulations that might enhance the performance of 3D-printed
HXs.
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NOMENCLATURE

Symbol  Definition Sl Units

A Area of the heat transfer surface m?
in the heat exchanger

c Specific heat J/kg - K

D Hydraulic diameter of the heat m
exchanger

e Corrugations height m

h Convective heat transfer W/m?-K
coefficient

k Thermal conductivity W/m-K

m Water mass flow rate kg/s

P Streamwise  pitch for the m
corrugations

0 Rate of heat transfer w

R Thermal resistance K/W

T Temperature K

U Overall heat transfer coefficient ~ W/m?-K

p Fluid density kg/m3

U Fluid viscosity N :s/m?





