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LAYERED COMPOSITE HEAT EXCHANGERS – MODELLING  
OF THERMAL AND STRENGTH PROPERTIES 

https://doi.org/10.62753/ctp.2026.08.2.2 
There are many heat enhancing structures available on the market and already researched, but the application 

of layered composites for their development has not been completely investigated, especially regarding modelling of 
the physical phenomena of boiling heat transfer and mechanical properties. The present paper presents a modified 
model of boiling heat transfer and modelling of the strength properties of composite heat exchangers made of mesh 
layers. The experimental results (obtained by the authors) of the boiling heat transfer of distilled water and ethanol 
under atmospheric pressure on copper substrates covered with brass, bronze and copper layers were used for modified 
model development. It needs to be noted that the problem of modelling the heat transfer of such structures has not 
been properly addressed to date with many issues in need of clarification. The present paper’s novelty is mainly focused 
on providing a more reliable equation for heat flux regarding boiling on metal composite mesh layers. It also proposes 
a calculation procedure for selected strength properties of such structures. The application of the modified boiling heat 
transfer correlation resulted in almost all the measurement points lying within or close to the ±100% error band, while 
in the case of the original model none of the experimental points was even close to this error band (the differences 
reached even about one order of magnitude). 
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INTRODUCTION 
 

Heat exchangers are among the most im-
portant parts of present-day engineering applica-
tions [1–3], especially regarding their use in re-
newable energy systems [4–6], which are now be-
coming increasingly more common. The modern 
requirements of various technological devices (in-
cluding machinery parts) to release significant 
heat fluxes from them for cooling have led to the 
development of technologies for heat transfer aug-
mentation. Highly efficient and effective heat ex-
changers operating under boiling conditions may 

release large heat fluxes at small temperature dif-
ferences between the heater surface and the boil-
ing agent, which is of considerable importance. 
Proper design of the heater microstructure can lead 
to considerable improvement in heat transfer, for 
example, in [7] it was reported that in comparison 
with the smooth surface, the heat transfer coeffi-
cient of a surface with microchannels increased 
three-fold, while in [8] it was twice. Both of these 
papers focused on copper samples with parallel 
grooves. Such surface modification led to an  
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increase in the maximum heat flux, which 
amounted to 1035 kW/m2 in [7] and 262 kW/m2 
in [8] (different boiling agents were used in these 
two studies). At the same time, the application of 
composite heat exchangers for boiling enhance-
ment also seems to be very promising and it has 
been the focus of some research projects through-
out the world. Liang and Yang [9] experimentally 
analysed the boiling of pentane on copper and al-
uminium structures with graphite fibers. The au-
thors reported that the heat flux dissipated from 
the composite microstructure (with fibers) was 
even eight times higher in relation to the sample 
without the fibers. This phenomenon was ex-
plained, among other factors, by a larger density 
of nucleation sites (locations where vapour bub-
bles develop) if graphite was present. Moreover, it 
was stated that graphite fibers caused a reduction 
in hysteresis effects at low heat flux values, while 
at high values the heat transfer performance 
proved to be more enhanced if copper was used for 
the composite production rather than aluminium. 
The same type of structure was investigated by 
Yang et al. [10]. It was stated that such metal-
graphite composite surfaces may generate three to 
six times enhancement in boiling heat transfer in 
comparison with the pure metal surface. Moreo-
ver, these surfaces reduce the pressure drop, which 
is an additional benefit. Owing to the fact that the 
composite surfaces consisted of graphite microfi-
bers interspersed in a metal matrix (copper or alu-
minium), they had high thermal conductivity. 
Their application resulted in obtaining boiling heat 
transfer augmentation, which was comparable or 
even superior to commercially available boiling 
heat transfer enhancement surfaces. Białek et al. 
[11] tested water and ethanol boiling heat transfer 
on a composite heat exchanger made of a copper 
disk covered with a single brass mesh layer. Two 
types of meshes were used – one with a wire di-
ameter of 0.10 mm and the other of 0.25 mm.  
The distance between the wires was 0.16 mm and 
0.40 mm, respectively. Both samples exhibited 
improved performance with the heat flux being 
even several times higher than in the case of the 
reference surface without a mesh, although this ef-
fect became weaker as the temperature difference 
rose. What is more, the specimen with the larger 
wire diameter proved to be more efficient. The au-
thors also compared their experimental results 

with heat transfer models and only in the case of 
water were the calculation and experimental re-
sults quite close, but only for one out of the two 
models considered. A confirmation of the positive 
effect of the application of composite heat ex-
changes can also be found in [12], where the re-
search results of boiling on stainless steel and 
bronze meshes attached to a copper base were pre-
sented. The number of mesh layers ranged from 
two to nine. The authors claimed that the impact 
of the number of meshes on the heat flux was not 
clearly observed. Additionally, the authors re-
ported that the relation between the heat flux and 
temperature difference was not linear – the angle 
of inclination for the meshed surfaces changed its 
value at smaller temperature differences than in 
the case of the smooth reference surface.  

The papers by the present authors [13, 14] 
dealt, among others, with distilled water and ethyl 
alcohol boiling heat transfer research conducted 
using composite heat exchangers. The samples 
were fabricated with brass, bronze and copper 
meshes sintered to a copper base. All the samples 
exhibited improved thermal performance in rela-
tion to the smooth reference surface (without any 
mesh), especially at small heat flux values. The 
copper meshes proved to be the most efficient due 
to the highest thermal conductivity of this material 
and enhanced conduction heat transfer perfor-
mance of the whole sample. The highest heat flux 
value in [13] was recorded for the copper-bronze 
composite heat exchanger and amounted to ca. 
288 kW/m2 for water and 160 kW/m2 for ethanol. 
In [14] the largest ethanol boiling heat flux was 
also observed for this heat exchanger, while in the 
case of water boiling the sample made of pure cop-
per provided the highest heat exchange rate (alt-
hough the differences between all the samples 
were small). In both of the above mentioned pa-
pers ([13, 14]), the best overall thermal perfor-
mance was provided by the pure copper speci-
mens, which also manifested itself in a significant 
shift of the boiling curves into an area of small 
temperature differences by several degrees Cel-
sius (with smaller values being recorded for water 
and larger for ethanol). A modified design of  
a composite heat exchanger, but operating with the 
same boiling agents, was presented in [15]. In this 
paper, composite heat exchangers made of bronze 
meshes of the same wire diameter, but different 
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apertures (0.40 mm and 0.63 mm) covered with 
fine copper fibers of 50 µm in diameter were in-
vestigated. The sintering process was used to cre-
ate durable bonds between the meshes and the fi-
bers as well as the copper base. It was reported that 
the samples consisting of the meshes and fibers 
outperformed the smooth reference surface and 
the surface with the meshes in the whole range of 
heat flux values. The heat flux dissipated from the 
sample with the mesh and fibers was over seven 
times higher than that of the smooth reference sur-
face – which was observed at low heat fluxes. As 
the heat flux rose, the improvement quickly be-
came weaker. On the other hand, the ratio of the 
heat flux dissipated from the sample with the mesh 
and fibers to the heat flux dissipated from the sam-
ple with the mesh only was quite constant in the 
analysed range of heat flux values and amounted 
to about 1.8. 

Porous microstructures are often used as com-
ponents of heat pipes, which are very efficient heat 
exchangers. Franchi and Huang [16] experimen-
tally analysed the thermal performance of heat 
pipes made of composite wicks (composed of fine 
nickel powders sintered onto a copper mesh). It 
was reported that the composite samples exhibited 
better performance (even over three times higher) 
than the conventional heat pipes (without the in-
vestigated composite material of the wick). The 
authors provided a possible explanation for the en-
hancement, which could be caused by improved 
evaporation heat transfer attributed to an increased 
evaporating meniscus density and/or a rise in ca-
pillary pumping of the wick. Moreover, the use of 
nickel/copper wicks immersed in water might 
have created a galvanic cell. Thus, non-condensa-
ble gasses could have been generated. Yeh et al. 
[17] focused their study on the biporous nickel 
wicks of heat pipes (whose evaporator was made 
of stainless steel). The performance of the bipo-
rous wick proved to be enhanced about 60% in re-
lation to a monoporous wick. The authors claimed 
that a smaller particle size (74 – 88 µm) and higher 
sintering temperature (750oC) could be more ben-
eficial. The impact of the particle size seemed to 
be related to the evaporating menisci area, while 
the sintering temperature impacted the pore size in 
the biporous wick.   

With regard to the modelling of composite 
strength properties, Charkviani et al. [18] con-
ducted an experimental investigation of the inter-
laminar strength and stiffness of layered compo-
site materials. Additionally, a new method was 
proposed which could determine the ultimate 
strength of composites under shear and their man-
ufacturing technology. It was reported that the fi-
nal result of the design process is considerably de-
pendent on setting reliable initial data on the me-
chanical characteristics of the composites. In [19], 
a non-destructive technique for the determination 
of a laminated composite’s properties was consid-
ered. The authors employed a combined numeri-
cal–experimental method to determine the elastic 
characteristics of the composite monolayer. The 
technique was based on the concept of combining 
the results of experimental tests with numerical 
modelling methods (using optimization). Accord-
ing to the authors, high accuracy of the calculation 
results was achieved. Bazhina et al. [20] devel-
oped a layered composite material made of boron, 
titanium and aluminium. It was reported that com-
bustion as well as subsequent high-temperature 
shear deformation led to composite ceramic and 
intermetallic macrolayers being oriented along the 
direction of material flow, while perpendicular to 
the applied load. Crack propagation was studied 
and the impact of the orientation of microvolumes 
in the material on the stress intensity factor was 
determined. Frącz et al. [21] considered the pre-
diction of the strength properties of composites 
produced with polyester resin and glass fibers. 
Modelling was based on the numerical homogeni-
zation method, considering the geometrical fea-
tures as well as the properties of the components 
of the composite samples. The calculated proper-
ties were used in strength simulations considering 
three composite reinforcement variants. In [22] 
the results regarding selected strength properties 
of an aluminium composite reinforced with carbon 
fibers were presented. It was reported that a lack 
of cohesive connection of the fibers with the ma-
trix as well as a considerable number of internal 
defects within the structure of the composite rein-
forced with one type of fiber caused a reduction in 
its strength in comparison to the reference alloy. 
Additionally, it was also shown that chopped car-
bon fibers contributed to a large rise in the elastic 
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properties of the composites with an AlSi matrix; 
however, those properties were not impacted by 
the reinforcing phase surface preparation or the 
pressing pressure.  

The strength of metallic composite layers 
strongly depends on the sintering quality, namely 
the adhesion of the joints between the compo-
nents. Metallic composites of a uniform structure 
are able to transfer stress more effectively [14]. On 
the other hand, local unevenness or a low level of 
bonding may lead to premature cracking during 
thermal and mechanical stress [23]. The mechani-
cal properties of porous composites (layers in 
packages as laminates or layered composites pro-
duced by sintering) usually deteriorate with rising 
porosity and the number of layers [24, 25]. Thus, 
porosity acts as stress concentrator and reduces 
material stiffness. 

The previous papers of the present authors 
also considered the material properties of compo-
site heat exchangers used for boiling heat transfer 
enhancement. In [13] strength tests of samples 
with sintered copper fibers and composite samples 
reinforced with glass and carbon fibers were pre-
sented. Moreover, the quality of the bonds be-
tween the components was also investigated. It 
was reported that the composite specimens outper-
formed the copper structure (the adhesion strength 
increased significantly – even almost twofold). On 
the other hand, the assessment of the adhesion 
strength of a copper base with meshes of different 
material (pure copper, bronze, brass) presented in 
[14] indicated that the strength value obtained for 
the copper-brass sample was slightly lower that 
for the copper-bronze and much lower than for the 
copper-copper configuration. The authors stated 
that destruction of the mesh occurs first (alloys 
earlier, followed by pure copper).  

Recently, Lipatnikowa et al. [26] focused on 
metal-intermetallic composites. It was reported 
that the multi-layered composite exhibited an ad-
vantage regarding strength properties as well as  
a more uniform strain distribution. Furthermore, 
the layered composite material containing a small 
number of layers exhibited greater resistance to in-
termetallic interlayer fracture. Nowadays, model-
ling is supported by adequate software tools [27], 
while the future might lie in the application of ma-
chine learning [28] or artificial intelligence meth-
ods. On the other hand, it needs to be emphasized 
that the strength properties of various structures 

are closely linked with safety issues and risk man-
agement [29, 30]. 

The application of composite heat exchangers 
for boiling heat transfer enhancement is very 
promising. The results reported in the literature in-
dicate significant improvement in the heat flux, if 
such devices are used. Another, but very complex 
problem is developing reliable models regarding 
both the thermal and strength properties of such 
composite systems. The present paper aims to ad-
dress this issue, especially with regard to more 
precise heat flux determination, which is the main 
research gap to be bridged. Thus, the present pa-
per’s contribution is mostly focused on developing 
a more reliable equation for heat flux regarding 
boiling on metal composite mesh layers. Moreo-
ver, it also proposes a calculation procedure for se-
lected strength properties of such structures. 

DEVELOPMENT OF MODIFIED HEAT  
TRANSFER MODEL 

The experimental data of distilled water and 
ethyl alcohol boiling heat transfer published by the 
current authors [13, 14] are now used to create  
a modified model of heat flux. The studies took 
place on an experimental stand whose main com-
ponent is an electric heater, on which samples are 
soldiered and immersed in a pool of boiling liquid. 
The samples consist of a copper base covered with 
fine meshes made of copper, phosphor bronze, and 
brass (each sample contains a single layer of  
a given mesh). A durable attachment of these two 
elements is obtained during the sintering process. 
The details of this process were presented in [14]. 
All the samples had the same aperture (distance 
between the wires) of 0.50 mm, while the value of 
the wire diameter was 0.28 mm (presented in [14]) 
and 0.32 mm (presented in [13]). The experi-
mental database covers in total sixty measurement 
points, which is now considered for the calcula-
tions. The nucleate boiling heat transfer model 
presented by Rannenberg and Beer [12] was se-
lected for the analysis. The reason behind it is that 
this model was developed for meshed microstruc-
tures (the same type as those analysed in this pa-
per). 

The calculations were made with a focus on 
obtaining the closest possible match between the 
experimental and theoretical values of heat flux. 
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Each experimental point refers to a value of heat 
flux dissipated at a certain temperature difference. 
In total 60 measurement points were considered 
(30 points for water boiling and 30 for ethanol 
boiling). With the use of computer software tools, 
a procedure was applied to ensure that the differ-
ence between the experimental and calculated val-
ues of heat flux was kept to the minimum for all 

the measurement points. In comparison to the 
original model, the developed modification is 
based on changing the value of one constant, 
namely 12719.08, and adding the exponent 0.088 
to the thickness of the microstructure. Thus, the 
modified formula for the pool boiling heat flux 
dissipated from composites – based on [12] – takes 
the following form:  
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where the value of hydraulic diameter Dh can 
be obtained from [12]: 

ε1
εd  h −

=D       (2) 

Effective radius Ref is half of hydraulic diam-
eter Dh. The other elements in (1) and (2) are: λl – 
thermal conductivity of the liquid (in the present 
study: water and ethanol), λeff – effective thermal 
conductivity (which takes into account the thermal 
conductivity values of the material of the compo-
sites: copper, brass, bronze as well as porosity),  

ε – volumetric porosity, δ – height of the layer, cpl 
– specific heat of the liquid, r – heat of vaporization. 

Figure 1 presents a comparison of the experi-
mental results of composite heat exchanger sam-
ples adopted from the papers by the present au-
thors [13, 14], with the calculation results accord-
ing to the model originally proposed by Rannen-
berg and Beer [12] – Figure 1a, and according to 
this model, but modified with two constants – as 
in Equation 1. The dashed red line in the figures 
means the line of ideal matching where qcalc = qexp, 
while the green lines show the ±100% error band. 

 
Fig. 1. Comparison of experimental data of boiling heat flux (qexp) dissipated from composite heat exchangers (adopted from [13, 14]) 

with calculation results of heat flux (qcalc) determined according to original model [12] – (a), and according to model in [12] modi-
fied in accordance Equation 1 – (b). Dashed red line represents ideal match of heat flux values (qcalc = qexp), green lines show 
±100% error band. 

 

The application of the original model (Fig. 1a) 
quite significantly underestimated the values of 
heat flux in comparison to the experimental results 
(even by about one order of magnitude). It might 
result from the fact that in [12] different boiling 

liquids were utilised (namely, refrigerants no 
longer employed in modern refrigeration sys-
tems). A modified model (Fig. 1b) provides much 
better agreement with the experimental data. Al-
most all the measurement points are situated 
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within or close to the ±100% error band. Now, it 
might be vital to verify if modified Equation 1 can 
be successfully used to predict the heat flux values 
of other composite heat exchangers tested with 
distilled water and ethyl alcohol as boiling agents. 
Figure 2 presents the comparison of the experi-
mental results provided by Białek et al. [11] of the 
distilled water and ethyl alcohol boiling heat trans-
fer on bronze microstructures covering a copper 
base. The wire diameter of the mesh was 0.25 mm, 
while its aperture was 0.40 mm.  

 
Fig. 2. Comparison of experimental data of boiling heat flux (qexp) 

dissipated from composite heat exchangers (adopted from 
[11]) with calculation results of heat flux (qcalc) determined 
according to model in [12] modified in accordance with 
Equation 1. Dashed red line represents ideal match of heat 
flux values (qcalc = qexp), green lines show ±100% error 
band. 

The results demonstrate that the modified 
model provided moderate agreement with the ex-
perimental data. Although none of the measure-
ment points was located in the error band of 
±100%, they were situated relatively close to it 
and they group along a straight line with the rising 
heat flux. The discrepancy here could be related to 
different experimental conditions. 

The modification of the model presented 
above was developed for metal wire meshes. Nev-
ertheless, such a microstructure can be reinforced 
with fine fibers of a different material. In [15], 
composite heat exchangers made of bronze 
meshes of an 0.20 mm wire diameter and apertures 
of 0.40 mm and 0.63 mm, on which fine copper 
fibers 50 um in diameter and a length of ca. 1 mm 
were applied. A verification of Equation 1 was 
conducted for such a composite structure. In order 

to conduct the calculations according to Equation 1, 
which was developed for meshes only, the pres-
ence of fibers was not considered at all (denoted 
as “1” in the figure) and accounted for with a re-
duced value of porosity (denoted as “2” in the fig-
ure).  

 
Fig. 3. Comparison of experimental data of boiling heat flux (qexp) 

dissipated from  “mesh+fibres” composite heat exchangers 
(adopted from [15]) with calculation results of heat flux 
(qcalc) determined according to model in [12] modified in 
accordance with Equation 1; where: 1 –  presence of fibers 
in sample was not considered, 2 –presence of fibers in sam-
ple was considered with reduced porosity. Dashed red line 
represents ideal match of heat flux values (qcalc = qexp), 
green lines show ±100% error band. 

A simplification of not considering the pres-
ence of copper fibers properly might be behind the 
discrepancies of the results denoted as “1”. The 
model was not developed for such a microstruc-
ture (consisting of both mesh and fibers) and 
should be modified accordingly to account for the 
additional conduction heat transfer within the fi-
brous structure. Nonetheless, even one modifica-
tion of the calculation procedure, namely with  
a smaller value of porosity caused by the presence 
of fibers (denoted as “2” in the figure), led to con-
siderably higher accuracy. Naturally, a more com-
plex composite structure was created as a result of 
incorporating fine fibers into the mesh layer and, 
thus the mechanism of heat transfer within such  
a microstructure should be more carefully studied. 
However, the calculation results provided in Fig-
ures 2 and 3 indicate that the modification of the 
model seems to be quite successful in determining 
the heat flux dissipated from composite heat ex-
changers during boiling.  
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MODELLING STRENGTH PROPERTIES OF  
METALLIC MATRIX COMPOSITE  
COMPONENTS 

The sintering process increased the contact 
area between the copper substrate and the mesh of 
various copper alloys, as well as the temperature 
and time of the process. Diffusional bonding of the 
contacting particles, because of the pressure dif-
ference between the convex and concave pairs of 
the structure, was caused by the mobility of the ab-
sorbed atoms. The self-diffusion coefficient plays 
a significant role, depending on factors such as the 
diameter of the junction neck, which depends on 
the temperature and relates to the distance from 
the wire diameter to the contact edge. Equally im-
portant are the diffusion joints. They were ana-
lysed by Chatys and Orzechowski [31] by measur-
ing randomly selected i-th volumes of the investi-
gated microsections of the structures. The result 
was the measured value of the bridge width of ran-
domly selected connections in order to determine 
the distribution function. The bridge diameters 
(i.e. the distribution of connections) were approx-
imated by normal distribution with a mean value 
of 14.294 μm and a standard deviation of 5.158 μm. 
In the areas of greatest deformation, i.e. at the fiber 
contact points where the wire cross-sections are 
the smallest (convex and concave structure pairs) 
and the forces are the highest, recrystallization 
(healing) processes begin. A new crystalline grain 
arrangement is formed, different from the initial 
one. New areas with fresh grains and a significant 
number of previously separated pores are created. 
The diffusional connections of fibers (wires) are 
determined by the adhesion value, which was es-
timated by means of the peel-off method for the 
fiber structures on different substrates (i.e. struc-
tures of intersintered wires and a copper sub-
strate). The highest adhesion values were esti-
mated at the sintering temperature and time of 
950oC and 20-25 min, respectively.  

Naturally, the properties of the final products 
and system depend on the properties of the indi-
vidual elements that they are made of (e.g. [32, 
33]). In terms of the analysed composite heat ex-
changers, material constants such as Young's 
modulus influence the quality and strength value. 

The sintering process is intensified with the 
increased contact area between the copper base 
and the mesh (made of brass, bronze) and with ris-
ing temperature and sintering time [13]. The high-
est adhesion values of the porous structures (con-
sidered as a system of the copper base and the 
mesh) are recorded for the bronze mesh. 

The modelling of the strength properties was 
based on the assumption that the components are 
perfectly bonded during sintering and the stresses 
act uniformly across the entire sample surface. 
Consequently, the concept of weighted average 
strength can be utilised, taking into account the 
volume fraction of the individual layers in the 
metal matrix composite. The composite can be 
treated as a series of layers where the strength of 
the entire system is limited by the weakest layer 
(in our case, the mesh). Then the composite 
strength can be calculated as:  

∑=
i i

ii
c V

Vσσ      (3) 

where: σi – strength of the i-th layer, Vi – volume 
fraction of the i-th layer in the entire sample. 

The same equation applies to Young’s modu-
lus. The analysis can take into account the local 
stress coefficient at the wire contact points or ap-
ply FEM analysis for the entire microstructure of 
the mesh and capillary layer. 

The estimation of the strength properties of 
the analysed system, consisting of a copper base 
(2 mm in height) and a mesh layer (of the maximal 
height of about 0.6 mm, which consists of over-
lapping wires of diameter 0.28–0.32 mm), was 
based of the following values of Young’s modu-
lus: about 120 GPa for copper, about 110 GPa for 
bronze and about 100 GPa for brass. The follow-
ing strength values were used for the same materi-
als: 69 MPa, 32 MPa, 27 MPa, respectively. The 
volume fraction of the mesh was calculated based 
on the geometry of the samples and amounts to 
0.08, while for the solid copper base it is 0.92. 
Thus, the effective values of Young’s modulus 
and the strength of the analysed specimens can be 
estimated (Table 1). 
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TABLE 1. Effective values of Young’s modulus and strength of composite samples 
Sample composition Young modulus, GPa Strength, MPa 

copper – bronze 119.2 66.04 

copper – brass 118.4 65.64 

 

After reaching the maximum load (cohesive 
strength), the sinter is destroyed. Deformation of 
the wires (fibers) increases the stress in a given 
volume, causing failure first in the weakest wire 
(fiber), and then at the porous structure (fibers, 
mesh) – substrate interface. This is a consequence 
of the combined action of forces applied within the 
component structures (wire, fiber, base), meaning 
that both the fiber, mesh, and base are subject to 
equal stress, in accordance with Hooke's law. 

The bond value, in the form of the bridge (con-
nection) width as the critical length of the sintered 
mesh component (wire) with the substrate, partic-
ularly brass or bronze, depends on the shear 
stresses, which are lower than for copper alone and 
can transfer the lower stresses to adjacent compo-
nents of this structure. 

CONCLUSIONS 

The application of composite heat exchangers 
can be highly advantageous in terms of improving 
heat transfer conditions. The modification of  
a boiling heat transfer model (selected from liter-
ature based on the similarity of the microstructural 
material) conducted with the use of 60 measure-
ment points proved to be quite successful, even for 
a different type of surface microgeometry (com-
posed of a mesh reinforced with fine fibers).  

With regard to the samples composed of  
a copper base and copper/brass/bronze meshes, 
the original model underestimated the heat flux 
values – even by about an order of magnitude. The 
application of the modified formula led to almost 
all the measurement points being situated within 
or close to the ±100% error band. The modifica-
tion included the introduction of one constant and 
the modification of another one.  

The estimation of the strength properties pro-
vided the Young’s modulus values of the compo-
site made with a copper base and copper/bronze/ 

brass mesh. They all proved to be smaller in com-
parison to the system composed of pure copper 
nevertheless, different engineering applications 
could require different materials. Thus, such an es-
timation might prove to be of practical im-
portance.  

Owing to the significant advantages provided 
by composite heat exchangers during boiling, fu-
ture studies could be focused on the application of 
other boiling agents commonly used in the refrig-
eration industry. Additionally, different mesh ma-
terials (for example stainless steel) might be con-
sidered for sample preparation.  

Acknowledgements 

This paper was created as part of the project 
No. CZ.02.01.01/00/22_008/0004631 “Materials 
and technologies for sustainable development” 
within the Jan Amos Komensky Operational Pro-
gram financed by the European Union and from 
the state budget of the Czech Republic.  

Data Availability Statement 

The data that support the findings of this study 
are openly available in [Zenodo] at https://doi.org/ 
10.5281/zenodo.21019264 [34]. 

REFERENCES 

[1] Holubčík M., Trnka J., Kantová N.Č., Using heat exchanger 
for construction of electrostatic precipitator in a small heat 
source, Journal of Electrostatics 2024, 128, 103884, 
https://doi.org/10.1016/j.elstat.2023.103884 

[2] Hečko D, Mičko P, Holubčík M, Kapjor A., Experimental 
Simulation of Hydrate Formation Process in a Circulating 
Device, Processes 2021, 9(9), 1529,  
https://doi.org/10.3390/pr9091529 

[3] Wciślik S., The Influence of Nusselt Correlation on Exergy 
Efficiency of a Plate Heat Exchanger Operating with 
TiO2:SiO2/EG:DI Hybrid Nanofluid, Inventions 2024, 
9(1), 11, https://doi.org/10.3390/inventions9010011 

[4] Wciślik S, Taler D., Economic and Exergy Analysis of 
TiO2 + SiO2 Ethylene-Glycol-Based Hybrid Nanofluid in 



150                                                     Ł.J. Orman, R. Chatys, S. Honus 
 

Composites Theory and Practice 26:2 (2026) All rights reserved 
 

Plate Heat Exchange System of Solar Installation, Energies 
2024, 17(13), 3107, https://doi.org/10.3390/en17133107 

[5] Kowalik R., Adaptive and Stepwise Solar Tracking Sys-
tems in Flat-Plate and Tubular Collectors: A Comprehen-
sive Review of Thermal Performance, Modeling, and 
Techno-Economic Perspectives, Energies 2025, 18(23), 
6106, https://doi.org/10.3390/en18236106 

[6] Nešović A., Lukić L., Kowalik R., Janaszek A., Taranović 
D., Kozłowski T., Experimental and numerical comparison 
of glass tube collector with relative single-axis tracking and 
flat-plate collector without tracking during cloudy-sky days, 
Solar Energy 2025, 291, 113412,  
https://doi.org/10.1016/j.solener.2025.113412 

[7] Kaniowski R., Pastuszko R., Dragašius E., Baskutis S., Pool 
Boiling of Ethanol on Copper Surfaces with Rectangular 
Microchannels, Energies 2023, 16(23), 7883,  
https://doi.org/10.3390/en16237883 

[8] Kaniowski R., Pool Boiling of Novec-649 on Inclined Mi-
crochannel, Energies 2023, 16(5), 2476, 
https://doi.org/10.3390/en16052476 

[9] Liang H.S., Yang W.J., Nucleate pool boiling heat transfer 
in a highly wetting liquid on micro-graphite-fiber compo-
site surfaces, Int. J. Heat Mass Transfer 1998, 41, 1993 – 
2001, https://doi.org/10.1016/S0017-9310(97)00298-6 

[10] Yang W-J., Zhang N., Vrable D.L., Macro- to Microscale 
Boiling Heat Transfer From Metal-Graphite Composite 
Surfaces, Journal of Heat Transfer 2009, 131, 091001-1, 
https://doi.org/10.1115/1.3153556 

[11] Białek A., Kargul M., Stokowiec K., Boiling heat transfer 
on porous single layer brass meshes, Journal of Physics: 
Conference Series 2023, 2454, 012004,  
https://doi.org/10.1088/1742-6596/2454/1/012004 

[12] Rannenberg M., Beer H., Heat transfer by evaporation in 
capillary porous wire mesh structures, Letters in Heat and 
Mass Transfer 1980, 7, 425–436, 
https://doi.org/10.1016/0094-4548(80)90019-3 

[13] Chatys R., Orman Ł.J., Technology and properties of lay-
ered composites as coatings for heat transfer enhancement, 
Mechanics of Composite Materials 2017, 53, 351–360, 
https://doi.org/10.1007/s11029-017-9666-8 

[14] Chatys R., Honus S., Orman Ł.J., Production technology 
and properties of layered composite coatings used for boil-
ing heat transfer augmentation, Composites Theory and 
Practice 2025, 25(3), 209-216,  
https://doi.org/10.62753/ctp.2025.07.3.3 

[15] Dąbek L., Orman Ł., Composite Heat Exchangers for Boil-
ing Heat Transfer Enhancement, Rocznik Ochrona 
Środowiska 2020, 22, 905–914. 

[16] Franchi G., Huang X., Development of Composite Wicks 
for Heat Pipe Performance Enhancement, Heat Transfer 
Engineering 2008, 29(10), 873–884,  
https://doi.org/10.1080/01457630802125740 

[17] Yeh C.C., Liu B.H., Chen. Y.M., A study of loop heat pipe 
with biporous wicks, Heat Mass Transfer 2008, 44, 1537–
1547, https://doi.org/10.1007/s00231-008-0387-3 

[18] Charkviani R.V., Pavlov A.A., Pavlova S.A., Interlaminar 
Strength and Stiffness of Layered Composite Materials, 
Procedia Engineering 2017, 185, 168-172,  
https://doi.org/10.1016/j.proeng.2017.03.335 

[19] Kovalovs A., Kuzmickis V., Kulakov V., Determining the 
Properties of a Layered Composite Plate Made of Twill- 

Weave Glass Fibre Fabric Using Non-Destructive Testing 
Methods, Journal of Composites Science 2025, 9(10), 546, 
https://doi.org/10.3390/jcs9100546 

[20] Bazhina A., Konstantinov A., Chizhikov A., Bazhin P., 
Stolin A., Avdeeva V., Structure and mechanical character-
istics of a layered composite material based on TiB/TiAl/Ti, 
Ceramics International 2022, 48(10), 14295–14300, 
https://doi.org/10.1016/j.ceramint.2022.01.318. 

[21] Frącz W., Janowski G., Ryzińska G., Strength analysis of 
GFRP composite product taking into account its hetero-
genic structure for difference reinforcements, Composites 
Theory and Practice 2017, 17(2), 103–108. 

[22] Zyska A., Effect of pressing pressure on microstructure and 
selected strength properties of AlSi-CF composite castings, 
Composites Theory and Practice 2023, 23(4), 197-201, 
https://doi.org/10.62753/ctp.2023.03.4.4  

[23] Galimzianow B.N., Nikiforow G.A., Anikeew S.G., Ar-
tiuchowa N.W., Mokszin A.W., A Unified Empirical Equa-
tion for Determining the Mechanical Properties of Porous 
NiTi Alloy: From Nanoporosity to Microporosity, Crystals 
2023, 13, 1656, https://doi.org/10.3390/cryst13121656 

[24] Kolesnikova A.S. The dependence of the mechanical prop-
erties on sizes of micropore of sorbents, Reporters, Markers, 
Dyes, Nanoparticles, and Molecular Probes for Biomedical 
Applications 2017, 10079, 84–90,  
https://doi.org/10.1117/12.2249984 

[25] Su S.-L., Rao Q.-H., HE Y.H., Xie W., Effects of porosity 
on tensile mechanical properties of porous FeAl intermetal-
lics, Transactions of Nonferrous Metals Society of China 
2020, 30(10), 2757-2763, https://doi.org/10.1016/S1003-
6326(20)65418-8 

[26] Lipatnikova Y.D., Solov’eva Y.V., Mun, G.A., Strength 
Properties, Deformation and Fracture Behavior of Layered 
Metal-Intermetallic Composites Depending on the Layers 
Thickness and Friction Forces, Inorg. Mater. Appl. Res. 
2025, 16, 1999–2008,  
https://doi.org/10.1134/S2075113325702338 

[27] Major I., Major M., Modeling of wave propagation in the 
ADINA software for simple elastic structures, Advanced 
Materials Research 2014, 1020, 171-176,  
https://doi.org/10.4028/www.scientific.net/AMR.1020.171 

[28] Berladir K, Antosz K, Ivanov V, Mitaľová Z., Machine 
Learning-Driven Prediction of Composite Materials Prop-
erties Based on Experimental Testing Data, Polymers 2025, 
17(5), 694, https://doi.org/10.3390/polym17050694 

[29] Krechowicz M, Piotrowski J.Z., Comprehensive Risk Man-
agement in Passive Buildings Projects, Energies 2021, 
14(20), 6830, https://doi.org/10.3390/en14206830 

[30] Krechowicz M., Qualitative risk assessment of passive 
house design and construction processes, IOP Conf. Series: 
Materials Science and Engineering 2020, 960, 042068, 
https://doi.org/10.1088/1757-899X/960/4/042068 

[31] Chatys R., Orzechowski T., Surface extension in layered 
structures with the use of metal meshes for heat-transfer en-
hancement, Mechanics of Composite Materials 2004, 
40(2), 159–168,  
https://doi.org/10.1023/B:MOCM.0000025490.66094.86 

[32] Mičko P., Hečko D., Kapjor A., Nosek R., Kolková Z., 
Hrabovský P., Kantová N.Č., Impact of the Speed of Air-
flow in a Cleanroom on the Degree of Air Pollution, Ap-
plied Sciences 2022, 12(5), 2466,  
https://doi.org/10.3390/app12052466 



Layered composite heat exchangers – modelling of thermal and strength properties                     151 
 

Composites Theory and Practice 26:2 (2026) All rights reserved 
 

[33] Nosek R., Backa A., Ďurčanský P., Holubčík M., Jandačka J., 
Effect of Paper Sludge and Dendromass on Properties of 
Phytomass Pellets, Applied Sciences 2021, 11(1), 65, 
https://doi.org/10.3390/app11010065 

[34] Orman L., Chatys R., Honus S., Layered composite heat  
exchangers – modelling of thermal and strength properties, 
Zenodo. https://doi.org/10.5281/zenodo.21019264. 
 


