
 

1. Introduction 

The machinery employed in the power sector is engineered to 

function within a designated temperature range. To maintain op-

timal operating temperatures for its components, it is crucial to 

employ appropriate heat exchangers and heat spreaders. These 

devices utilize specialized surfaces to enhance both the heat 

transfer coefficient and the dissipation of heat flux. Leveraging 

the heat of vaporization during boiling facilitates the efficient 

removal of substantial heat loads while minimizing the required 

heat exchange surface. To meet criteria for lightweight design 

and device compatibility, dual-phase heat exchangers and dissi-

pators are employed for effective heat dispersion [1]. These sys-

tems find applications in both industrial equipment and scien-

tific test benches. There is also a growing interest in the devel-

opment of miniature cooling technologies using passive meth-

ods such as boiling in closed devices, such as immersion cooling 

thermosyphons, pulsating heat pipes, and two-phase heat 

spreaders, etc. [2]. One of the most efficient and versatile meth-

ods of increasing the heat transfer coefficient and critical heat 

flux during boiling is the use of the appropriate fluid and surface 

type. Surface modifications can consist of texturing, perforation 

application, subsurface tunnel formation, porous layer coating, 

creation of metal foams, mesh, perforation, notching of small 

ribs or microchannels, etc. The two methods of creating surfaces 

with microchannels analysed in the publication [3], parallel and 

cross, demonstrated the influence of configuration on heat  
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Abstract 

The heat transfer measurements were conducted during pool boiling of water on surfaces with microchannels. Parallel 
grooves were made on a copper surface with widths ranging from 0.2 mm to 0.5 mm at intervals of 0.1 mm. The inclination 
angle of the grooves to the horizontal was set at 30° and 60°, and the depth of the microchannel grooves was 0.3 mm. The 
achieved heat flux ranged from 25 kW/m² to 1730 kW/m², and the heat transfer coefficients ranged from 12 kW/(m²K) to 
475 kW/(m²K). The influence of geometric parameters such as width, inclination angle of the microchannel, surface ex-
tension, and Bond number on heat exchange efficiency was examined. A nearly sixfold increase in α (heat transfer coeffi-
cient) and a twofold increase in critical heat flux were observed compared to a smooth surface.  
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Nomenclature 

A – area, m2 

a – width of specimen, m 

Bo – Bond number 

b – angle,  

cp – specific heat, J/(kg K) 

d – diameter, m 

g – gravitational acceleration, m/s2 

h – microchannel depth, m 

i – enthalpy, kJ/kg 

L – length, m 

q – heat flux, W/m2 

p – pitch, m 

Ra – roughness, μm 

T  – temperature, K  

U – perimeter, m 

u – velocity, m/s 

w – width, m 

 

Greek symbols 

α – heat transfer coefficient, W/(m2 K) 

Δ – error, uncertainty 

ΔT – superheat referred to the microfin base, K 

δ – distance, m  

φ – surface extension 

λ – thermal conductivity, W/(m K) 

ρ – density, kg/m3 

σ – surface tension, N/m 

 – kinematic viscosity, m2/s  

 

Subscripts and Superscripts 

bs – base 

Cu – copper 

cap – capillary 

cyl – cylinder 

ext – extended 

h – hydraulic 

l – liquid 

max – maximum 

sat – saturated 

T1,…,T8 – thermocouple number 

v – vapour 

 

exchange efficiency. This study also examined the effect of ma-

terial division and material proportions for the parallel configu-

ration, and the effect of division for the cross configuration. The 

authors have demonstrated that the heat transfer performance is 

higher for surfaces with a fin arrangement in a cross-flow con-

figuration compared to a parallel configuration.  

One effective way to intensify heat transfer in boiling is to 

increase the number of nucleation sites and ensure their contin-

uous operation [4]. Metals are suitable for this purpose, espe-

cially those with a high heat transfer coefficient and at a rela-

tively low price [5]. Another way to improve the heat transfer 

coefficient is to use other coolants, i.e. water with added nano-

particles, water ‒ Al2O3 or water – Cu, and to increase operating 

pressure [6]. Also being developed are enhanced industrial sur-

faces GEWA-B5, GEWA-KS, and EHPII coated with nano-

structures, which have been described and examined in the work 

of Dickson et al. [7]. The studies [8,9] also examined how the 

spatial orientation of minichannels affects the boiling process 

when FC-72 coolant flows. The tested surfaces were made of 

Haynes-230 alloy. The following methods were used to develop 

the heat exchange surface: electro-machining texturing (ero-

sion), laser surface texturing (laser), porous surface produced by 

soldering iron powder (porous), produced with the use of emery 

papers of varying roughness. 

The subject of the research in the [10] paper by Khalaf-Allah 

et al. was water at atmospheric pressure on surfaces fabricated 

by multi-passive techniques. Experiments were conducted in  

a saturated pool boiling state for heat fluxes ranging from 50 to 

580 kW/m2. The results showed that a maximum improvement 

of 51‒92% could be achieved with the composite surface com-

pared to the smooth surface. Orman et al. [11] examined pool 

boiling on surfaces featuring microchannels created with lasers. 

They conducted experiments using water and ethanol under at-

mospheric pressure. The most effective results were observed on 

surfaces with microchannels characterized by greater depth and 

narrower dimensions. Zhang et al. in [12] conducted a heat 

transfer study on finned surfaces coated with a porous structure 

consisting of ball-shaped powder with a diameter of 380–

550  µm. The boiling medium was water. The heat transfer co-

efficient decreased with the increase in microporous plate diam-

eter, while it increased with the increase in thickness of the po-

rous copper plate. The paper by Liang and Mudawar [13] pre-

sents the results of an experimental study of passive cooling for 

different types of heating surface modification techniques. One 

of the techniques used is the production of micro fins and mi-

crochannels. These areas have great potential due to the signifi-

cant increase in CHF (critical heat flux) and the increase in the 

number of nucleation sites. 

Surfaces subjected to micro-processing significantly im-

prove the heat transfer efficiency during pool boiling. Liu et. al. 

[14] investigated the performance on five micro/nanostructured 

surfaces. For all structural surfaces, the results show an increase 

in the heat transfer coefficient. The critical heat flux and the heat 

transfer coefficient were increased to 60% and 331%, respec-

tively. The authors in [15] experimentally investigated bistruc-

tural surfaces based on micro-pin-finned ribbing methods. Com-

pared to smooth surfaces, dual-textured surfaces increased criti-

cal heat flow by more than 120%.  

Gheitaghy et al. [16] investigated the boiling process of dis-

tilled water under atmospheric pressure. The study explores the 

impact of surface structuring using vertical, inclined, and or-

thogonal minichannels on pool boiling. The dimensions of in-

clined minichannels, varying from 0.5 mm to 1.4  mm, were sys-

tematically altered. In addition to augmenting the surface area, 

improvements in boiling performance were achieved by increas-

ing minichannel depth and reducing pitch. Practical surface 

structuring of inclined minichannels was accomplished through 

the EDM (electrical discharge machining) method. The study 
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revealed a 2.7-fold increase in the heat transfer coefficient com-

pared to a smooth surface and a 65% enhancement in critical 

heat flux. 

The paper provides a concise summary of experimental re-

sults concerning heat exchange under pool boiling of water. The 

study aimed to identify the most favorable microchannel geom-

etry to achieve the highest heat transfer coefficients and critical 

heat flux values. 

2. Materials and methods  

The experimental setup described in reference [17], as illus-

trated in Fig. 1, enabled the determination of boiling curves un-

der increasing heat flux conditions. The research involved ex-

perimental investigations into heat transfer on inclined micro-

channels, covering the range from the onset of nucleate boiling 

(ONB) to the initial boiling crisis in pool boiling. All tests were 

conducted under atmospheric pressure. 

The measurement process commenced by initiating the wa-

ter cooler to generate condensate from vaporized boiling water. 

Subsequently, the heating circuit was activated, and the fluid 

was heated until it reached the saturation state. This condition 

was maintained for the following 10 minutes (water degassing). 

Sequentially, the suitable electric voltages were applied to the 

autotransformer (simulating the desired heat flow value), and a 

waiting period of approximately 15 minutes ensued until the 

system achieved thermal equilibrium (temperature readings re-

mained constant for the subsequent 5 minutes). 

Data registration was carried out on the Fluke Hydra Series 

II 2635A data acquisition station (temperatures on the copper 

heating rod T3 to T8, liquid saturation temperatures T1 and T2). 

K-type thermocouples with a protective sheath and a diameter 

of 0.5 mm were employed for temperature measurements. Be-

fore conducting the measurements, calibration of the thermo-

couples was performed using an Altek 422 calibrator. The sen-

sors underwent testing within the temperature range of 90°C to 

300°C at intervals of 5°C. The absolute error of the thermocou-

ple did not surpass 0.1 K.  

In order to maintain consistency in experimental investiga-

tions and reduce errors associated with the determination of heat 

flow and heat transfer coefficient, the equation for one-dimen-

sional heat conduction was utilized. The heating cylinder was 

insulated with a substantial layer, effectively preventing lateral 

heat transfer. Consequently, the calculations for heat flux adhere 

to the principles of Fourier's law: 

 𝑞 = 𝜆Cu
𝑇𝑇8+𝑇𝑇5

𝛿𝑇8−𝑇5

𝜋𝑑𝑐𝑦𝑙
2

4𝑎2 . (1) 

The distance between the thermocouples, as shown in  

Fig. 2, is T8-T5 = 35mm, the diameter of the copper cylinder  

dcyl = 45 mm and the active side of the sample a = 37 mm. Ther-

mal conductivity of copper adopted is 380 W/(m K).  

The heat transfer coefficient  between the surface with in-

cised inclined microchannels and the fluid was determined from 

the relationship 

 𝛼 =
𝑞

Δ𝑇
 (2) 

with the temperature difference determined, according to 

Figs.  1 and 2, as 

 ∆𝑇 =
𝑇𝑇3+𝑇𝑇4

2
− 𝑞

𝛿𝑏𝑠

𝜆𝐶𝑢

𝑇𝑇1+𝑇𝑇2

2
. (3) 

The distance between the base of the sample and the bottom 

of the microchannel bs for each sample was different and was 

determined as shown in Fig. 3. It also shows the characteristic 

dimensions of the developed area. 

Water provides the highest heat transfer coefficients and the 

highest critical heat fluxes. However, its saturation temperature, 

at atmospheric pressure, is high and cannot be used to directly 

cool certain components, e.g. microprocessors. This fluid can be 

used in demineralized form because otherwise there could be 

 

Fig. 1. Test stand diagram. 

 

Fig. 2. Distribution of temperature sensors along the heating cylinder. 
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a  likelihood of channel blockage by sediments. Physical prop-

erties of water in a saturated state, necessary for calculations, are 

presented in Table 1. 

The surfaces subjected to testing were constructed from cop-

per, possessing a thermal conductivity of 380 W/(m K). The test 

specimens (Fig. 4) were surfaces with incised inclined micro-

channels and a reference smooth surface with a roughness of Ra 

= 0.12 µm. Incisions on the specimens were made with disc cut-

ters with a width of w = 0.5 mm to 0.2 mm in 

0.1 mm increments, to a depth of h = 0.3 mm (as shown in  

Fig. 3) and an angle to the vertical of b = 30° and 60°. Unfortu-

nately, the technological process of producing the [18] surface 

results in slight deficiencies on the surface related to surface 

roughness and the fabrication of microchannels. All specimens 

were made with a similar face roughness of approximately  

0.2 µm. Table 2 presents codes and specifications for the speci-

mens. 

Using a complete differential error, the uncertainty of the 

heat flux measurement was determined: 

 ∆𝑞 = (𝐴2 + 𝐵2 + 𝐶2 + 𝐷2+𝐸2)0.5, (4) 

whereas the individual components are equal to: 

 𝐴 =
𝜕𝑞

𝜕𝜆
Δ𝜆, (4a) 

 𝐵 =
𝜕𝑞

𝜕Δ𝑇𝑇5−𝑇8
Δ (Δ𝑇𝑇5−𝑇8), (4b) 

 𝐶 =
∂𝑞

∂Δ𝛿𝑇5−𝑇8
Δ𝛿𝑇5−𝑇8, (4c) 

 𝐷 =
𝜕𝑞

𝜕𝑑𝑐𝑦𝑙
Δ𝑑𝑐𝑦𝑙, (4d) 

 𝐸 =
𝜕𝑞

𝜕𝑎
Δ𝑎. (4e) 

Here the thermal conductivity coefficient  = 1 W/(m K), the 

temperature difference in the heating cylinder and the wall su-

perheat error are assumed to be 0.2 K, and length and diameter 

measurements T5-T8 = dcyl = a = 2.5×10-4 m (calipers for 

precision). 

The relative error in the measurement of heat flux density 

between 25 kW/m2 and 1730 kW/m2 took values between 11.5% 

and 2.3%. In the analytical considerations, the thickness of the 

tin and the error associated with its conductivity have been ig-

nored, due to the fact that their values are very small and do not 

affect the overall result. The largest measurement errors occur 

at low heat fluxes due to the gradient method of determining the 

heat flux density used, i.e. a significant absolute error in temper-

ature measurement is generated at low superheats.  

Table 2. Specimen codes and specifications.  

Specimen 
code 

w, mm h, mm p, mm b,° 

M2.3-30 0.20 0.30 0.40 30 

M3.3-30 0.30 0.30 0.60 30 

M4.3-30 0.40 0.30 0.80 30 

M5.3-30 0.50 0.30 1.00 30 

M2.3-60 0.20 0.30 0.40 60 

M3.3-60 0.30 0.30 0.60 60 

M4.3-60 0.40 0.30 0.80 60 

M5.3-60 0.50 0.30 1.00 60 

 

a)  

b)  
 

Fig. 4. Example surface images: a) M5.3-60, b) M5.3-30. 

 
 

Fig. 3. Characteristic dimensions of the unfolded surface. 

Table 1. Water properties.  

Parameters under normal pressure 

Tsat, °C 100 

ρl, kg/m3 959 

ρv, kg/m3 0.597 

ilv, kJ/kg 2257 

λl, W/(m∙K) 0.68 

σl, N/m 0.0589 

μl, Pa∙s 0.00028 

cpl, J/(kg K) 4220 
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The absolute current of the heat transfer coefficient  was 

determined using the relationship 

 ∆𝛼 = [(
𝜕𝛼

𝜕𝑞
Δ𝑞)

2

+ (
𝜕𝛼

𝜕Δ𝑇
Δ(Δ𝑇))

2

]

0.5

 (5) 

with the absolute error of overheating determined by the formula 

 Δ(Δ𝑇) = [(
𝜕Δ(Δ𝑇)

𝜕𝑞
Δ𝑞)

2
+ (

𝜕Δ(Δ𝑇)

𝜕Δ𝑇𝑠𝑎𝑡
Δ(Δ𝑇𝑠𝑎𝑡))

2

+

                      + (
𝜕Δ(Δ𝑇)

𝜕𝜆
Δ𝜆)

2
+ (

𝜕Δ(Δ𝑇)

𝜕𝛿𝑏𝑠
Δ𝛿𝑏𝑠)

2

]

0.5

. (6) 

The outcomes and the procedure for identifying errors align 

with those outlined in Jaikumar and Kandlikar [19] as well as 

Kaniowski and Pastuszko [20]. The assessment involved esti-

mating the relative error in determining the heat transfer coeffi-

cient, as influenced by the heat flux and superheat (refer to 

Eq.  (5)). The relative error in determining the heat transfer co-

efficient, spanning from 12 kW/(m2 K) to 475 kW/(m2 K), varied 

between 5.4% and 36.2%. 

3. Results and discussion  

Experimental heat transfer studies were carried out for deionized 

water during bubble boiling on a smooth, flat surface and on 

surfaces with inclined microchannels at atmospheric pressure. 

Experiments were performed with increasing heat flux density. 

Heat transfer as a complex phenomenon during boiling in a large 

volume involves the following basic mechanisms: evaporation 

of the liquid microlayer, forced convection and heat conduction 

[21]. Figure 5 shows the boiling curves for all the surfaces ana-

lysed. An almost twofold increase in critical heat flux is evident 

for almost every surface. Only for a surface with a microchannel 

width of 0.2 mm is the critical heat flux higher by approx. 67% 

and for sample MC5.3-30 by approx. 44%. 

The impact of the micro-groove's inclination angle relative 

to the vertical on the heat transfer process was examined. The 

most favorable outcomes were observed for surfaces with mi-

crochannels inclined at 60°, designated as M2.3-60. The heat 

transfer coefficient reached 475 kW/m2K with a heat flux of 

1146 kW/m2 and a superheat of T ≈ 2.4 K, as illustrated in 

Fig.  5. A notable 5.9-fold increase in the heat transfer coeffi-

cient was achieved compared to the smooth sample, as shown in 

Fig.  6. As the width of the microchannel increases, there is 

a  discernible downward trend in the efficiency of heat transfer. 

The enhancement of the heat transfer mechanism for surfaces 

with microchannels occurs when the number of nucleation sites 

in the channels increases with a small temperature difference 

(overheating). 

Among the various surfaces, those with microchannels fea-

turing a width of 0.2 mm and an inclination angle of 60° demon-

strated the highest efficiency. This could be attributed to the en-

larged heat transfer surface area and the filling of microchannels 

by the boiling medium. It’s worth noting that, in contrast, Gheit-

aghy et al. [16] achieved notably superior results for surfaces 

with channels inclined at 45° in their study. The heat transfer 

coefficient initially rises and then falls with the temperature dif-

ference, reaching a maximum corresponding to a change in 

slope in the boiling curve. This peak is a common occurrence in 

pool boiling with finned surfaces. This phenomenon is associ-

ated with the transition between two regimes of pool boiling. At 

low wall superheat, bubble columns form at specific nucleation 

sites, and their dynamics are independent of neighboring col-

umns. Following the increase in wall temperature, the entire 

heated surface becomes involved in nucleation, leading to an in-

crease in interaction between the bubble columns. Conse-

quently, the likelihood of fresh fluid flowing to the heated finned 

surface decreases, resulting in a decrease in heat transfer 

[21,22].  

The surfaces that have been examined combine various 

methods of enhancing heat transfer. One of the methods in-

volves macroconvection during the flow of liquid and vapor 

through the microchannel. This leads to enhancements in critical 

 
 

Fig. 5. Boiling curves for the analyzed surfaces. 

 
 

Fig. 6. Heat transfer coefficient vs. heat flux, b = 60. 
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heat flux and heat transfer coefficients. Additionally, the sur-

faces feature finned walls that increase surface area, thereby in-

tensifying liquid convection. This, in turn, enhances liquid evap-

oration and reduces wall overheating, ultimately facilitating im-

proved heat transfer. 

Microchannels with a width of 0.3 mm exhibit the highest 

critical heat flux values, approximately 93% greater than those 

of the smooth surface. However, their heat transfer coefficients 

vary significantly depending on the angle of the microchannels 

relative to the vertical. 

From the 0.5 mm and 0.4 mm wide microsurfaces analysed 

experimentally, it is clear that the inclination of the microchan-

nels does not matter, as the results of the heat transfer coeffi-

cients are almost identical. Only in the initial phase of the heat 

flux increase for a width of 0.5 mm, up to 700 kW/m2, there is  

a 60% decrease in heat transfer coefficient to the detriment of  

a surface with a 30° inclination of the microchannels, Fig. 7. 

More boiling nucleation sites and a larger heat transfer sur-

face area result in an increase in heat transfer coefficient and 

critical heat flux [23]. One of the parameters describing the sur-

face is the surface extension: 

 𝜑 =
𝐴ext

𝐴smooth
=

2ℎ+𝑤[1−tan (𝑏)+
1

cos (𝑏)
 ]

𝑝
. (7) 

Another parameter is the Bond number, which involves a 

comparison between two forces: gravity and forces associated 

with surface tension. A high Bond number indicates the domi-

nance of gravitational forces, while a low Bond number signifies 

the prevalence of surface tension forces. Below is the relation-

ship for the Bond number [24]: 

 Bo =
𝑔𝜌𝑑ℎ

2

𝜎
= (

𝑑ℎ

𝐿𝑐𝑎𝑝
)

2

, (8) 

where the hydraulic diameter is specified as 

 𝑑ℎ =
4𝐴

𝑈
=

2𝑤[2ℎ−𝑤 tan(𝑏)]

2ℎ+𝑤[1−tan(𝑏)+
1

cos(𝑏)
]
, (9) 

while the capillary length is 

 𝐿𝑐𝑎𝑝 = √


𝑔(𝑙−𝑣)
. (10) 

Table 3 shows the results of the surface extension, hydraulic 

diameter, and Bond number calculations. The geometric param-

eters in Table 1 were used to determine the hydraulic diameter. 

These values vary from 0.27 mm to 1.26 mm. 

Utilizing the outcomes of surface extension and Bond num-

ber computations, the features of critical heat flux and maximum 

heat transfer coefficients were established, as depicted in Figs.  8 

and 9. In both microchannel angles, an initial rise in critical flux 

with an increase in surface area and Bond number, respectively, 

is evident, followed by a subsequent decline. This is not in line 

with the research carried out in [25]. In contrast, the effect of  

 and Bo0.5 on the heat transfer coefficient is consistent, Fig. 9. 

The capillary pressure in the space between the fins increases 

with increasing surface area, resulting in significant resistance 

to fluid flow in the microchannel and a reduction in critical heat 

flux. This affects the drying out of the spaces in the microchan-

nel. The width and spacing of the microgrooves can also have 

a  significant effect on heat transfer efficiency, as increasing the 

channel width affects the coalescence of vapour bubbles. The 

narrower the channel, the greater the potential for blister bond-

ing at high heat flux [26]. 

The Reynolds number was determined because the boiling 

of the fluid causes it to be in motion in a confined space, which 

is the microchannel. This figure provides an estimate of the ratio 

of inertial to viscous forces occurring during fluid movement: 

 Re =
𝑢𝐿𝑐𝑎𝑝

𝑙
. (11) 

Assuming that all of the heat is dissipated by the latent heat 

of vaporization, the vapor velocity is 

 𝑢 =
𝑞

𝑖𝑙𝑣𝑣

. (12) 

Combining Eqs. (11)–(12) yields an expression for Re: 

 Re =
𝑞𝐿𝑐𝑎𝑝

𝑖𝑙𝑣𝑣𝑙
. (13) 

 

 
Fig. 7. Heat transfer coefficient vs. heat flux, b = 30. 

Table 3. Calculated values of surface and fluid properties. 

Specimen 
code 

 dh, mm Bo 

M2.3-30 2.29 1.26 0.504 

M3.3-30 1.79 1.02 0.408 

M4.3-30 1.54 0.82 0.330 

M5.3-30 1.39 0.66 0.262 

M2.3-60 2.13 1.24 0.497 

M3.3-60 1.63 0.91 0.362 

M4.3-60 1.38 0.58 0.233 

M5.3-60 1.23 0.27 0.108 
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The effect of the Reynolds number on the maximum heat 

transfer coefficient is shown in Fig. 10. The fluid flows through 

the microchannels are not large, 8200 < Re < 11000, so the fric-

tion factor is large. This has implications for the effective flood-

ing of the microchannel. 

In order to obtain a benchmark for the heat transfer effi-

ciency of the surfaces produced, a comparison is made with ex-

perimental studies reported in the literature for saturated pool 

boiling of water at atmospheric pressure. Figure 11 shows the 

boiling curves of other authors Gheiaghty et al. [16], Gouda et 

al. [26], Jaikumar and Kandlikar [19], Walunj and Sathyabhama 

[27], Zhang et al. [12], and the curve with the best heat transfer 

efficiency ‒ surface M#2.3-60. The maximum heat flux results, 

especially for Jaikumar and Kandlikar [19], have almost twice 

the critical heat flux value, while the superheat values are sig-

nificantly higher, which is unfavourable. This may be due to the 

specific and significant development of the surface (skewed mi-

crochannels, expansion of the surface). 

 

 

 

a) 

 

 
b)  

Fig. 8. Variation of critical heat flux with  

a) surface extension coefficient, b) Bo0.5 for microchannel. 

 

a)       

 

 
b) 

Fig. 9. Variation of heat transfer coefficient with  

a) surface extension coefficient, b) Bo0.5 for microchannel. 

   
Fig. 10. Variation of heat transfer coefficient  

with Reynolds number. 

   
Fig. 11. Boiling curve comparison for other structures in literature. 
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6. Conclusions  

Surfaces with microchannels provide higher heat transfer coef-

ficients compared to smooth surfaces and are easy to produce 

consistently through subtractive manufacturing processes. The 

samples tested with microchannels exhibited a notable increase 

in heat transfer with the heat transfer coefficient dependent on 

both the angle of inclination to the horizontal and the width of 

the microchannel. The maximum observed heat flux reached 

1730 kW/m2, while the heat transfer coefficient was 

475  kW/(m2 K). In comparison to a smooth surface, the maxi-

mum heat flux nearly doubled, and the heat transfer coefficient 

was 5.9 times higher. 

The largest heat transfer coefficients were achieved with the 

largest extensions of microchannel surfaces, specifically those 

with the narrowest microchannel widths. This characteristic 

contributed to the creation of a substantial number of active nu-

cleation sites at the bottom and lateral surfaces of the microchan-

nels. Comparing boiling curves highlighted the influence of mi-

crochannel width and angle on the boiling process. 

Understanding the heat transfer coefficient and critical heat 

flow parameters is crucial in the development of heat spreaders, 

underscoring the importance of creating new surfaces and heat-

receiving fluids. 
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