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  Abstract: A novel porous artery structure is proposed to enhance the pool boiling heat transfer 

performance based on the concept of “phase separation and modulation”. In the experiment, 

multiple rectangular arteries were sintered directly in the bottom of a porous structure, and a thin 

copper microporous layer were placed between the heating surface and the rectangular arteries. 

Compared with conventional porous structure, this multi-layer porous artery structure proposed here 

can effectively improve the pool boiling heat transfer performance due to the high-density 

nucleation sites, capillary-induced liquid replenishment, and the liquid/vapor phase separation. 

According to the experimental study, favorable results have been reached as expected, a 200% 

higher CHF, a 144% higher heat transfer coefficient (HTC) as well as a 59% lower superheat at the 

onset of nucleate boiling (ONB) were demonstrated, compared with the boiling heat transfer on a 

plain surface. In addition, the effects of the top and bottom microporous layer thickness and the 

artery depth on the pool boiling heat transfer performance were investigated, and the inherent 

physical mechanisms were analyzed and discussed. 
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1 Introduction 

  As a highly efficient heat transfer mode, pool boiling has been applied in a wide variety of 

areas ranging from large scale electric power generation, thermal energy storage, desalination 

systems and refrigeration units to small compact systems such as sterilization and electronics 

cooling [1–3]. During the pool boiling process, the heat transfer proceeds mainly in the form of 

liquid/vapor phase change with the transfer of the latent heat, which can dissipate a large 

amount of heat with relatively small temperature difference between the heating surface and 

the bulk fluid, i.e.,.  

For pool boiling on a plain surface, the heat transfer coefficient (HTC) increases gradually 

with the heat flux. However, when the heat flux reaches a threshold value, i.e., the so-called 

critical heat flux (CHF), a vapor film would develop between the heating surface and the liquid,  

severely deteriorating the heat transfer performance. This phenomenon is also termed as the 

boiling crisis, which is accompanied by  a rapid increase of  heating surface temperature, 

leading to a catastrophic burn-out of the devices to be cooled. It is well recognized that the CHF 

is the chief limiting factor for pool boiling on a plain surface, and also the main design 

parameter to consider for many industrial applications.  How to increase HTC and CHF of 

pool boiling has received consistent interest for a long time. 

Extensive experimental and theoretical researches have been conducted to improve the pool 

boiling heat transfer performance. The most well-known CHF model for nucleate boiling at a 

smooth horizontal surface was derived from the hydrodynamic instability theory, first proposed 

by Zuber [4] and modified by Dhir [5]. They assumed that once the velocity of escaping vapor 

columns reached a threshold value, the instability of the  vapor columns would form a vapor 



blanket over the boiling surface that prevent the direct contact of the liquid with  the boiling 

surface.  The hydrodynamic model focuses on the bulk fluid effect, and was shown to be in 

agreement with some experimental CHF results on plain surfaces. However it cannot explain 

the near-surface effects such as surface wettability [6-9], contact angle [10-13], surface 

roughness [14, 15], and surface capillarity[16-19], etc.  

The improvement of CHF has been progressed along two directions by multiscale surface 

engineering, i.e., employing macroscale structures to address the hydrodynamic instability issue 

by actively modulating the characteristic length, and using microscale structures to improve 

capillary-induced effects to increase the liquid replenishment effects [34]. The competition 

between vapor escaping from the surface and liquid replenishment would decide the occurrence 

of CHF. For the past several decades, many measures have been proposed to intensify the near-

surface effects both theoretically [20-21] and experimentally, including surface coating [18, 22-

28] to modify the surface wettability and contact angle, 2D or 3D porous structure [29-39] to 

enhance the capillary effect and nano/mirco channel surface [40-48] to change the geometrical 

morphology of the boiling surface. 

In particular, the employment of porous medium with micro/nano features  has been shown  

to yield significant improvement in the pool boiling heat transfer performance. For instance, 

Liter and Kaviany [22] employed a modulated porous-layer coating surface with periodically 

non-uniform thickness to enhance the pool boiling heat transfer performance. Experimental 

results showed that the pool boiling CHF was enhanced to nearly three times of that on a plain 

surface. Li and Peterson[16][49] experimentally examined the pool boiling CHF and HTC on 

several uniform and modulated porous structures made of sintered copper particles. The 



modulated porous structure could reach a CHF of about 450 W/cm2, which was about three 

times of that on a plain surface. Xxx a few sentences of why chf increase. However it  is rather 

difficult to further enhance the pool boiling CHF by using the uniform or modulated porous 

structures, because the escaping bubbles impede the replenishment of the liquid to the boiling 

surface, causing insufficient liquid supply and the resultant occurrence of the CHF. 

Very recently, we proposed an innovative concept of “phase separation and modulation”, by 

using porous artery structures that allow the liquid replenishment and vapor escaping from the 

heating surface to have two different paths. In this novel structure,  the capillary forces 

developed in the microporous structure adjacent to the heating surface allows the sufficient 

liquid wetting to the surface, and the artery structures permit vapor flow-out , thus significantly 

reducing the liquid/vapor counter flow during the pool boiling. The proof-of-concept has 

been …. A few sentences review of our published papers. However, the experimental data also 

showed the drawback for this structure, i.e., the wall superheat became very large at very high 

heat fluxes. The deterioration in the heat transfer performance should be attributed to 

significantly reduced effective heat transfer area due to the existence of the vapor channels in 

the copper pillar. In order to obtain better heat transfer performance especially at high heat 

fluxes, we designed and fabricated the test samples C and D.   In this work, we further 

advanced the concepts by designing and comparing the effects of different porous artery 

structures. Four different structures are designed, including xx.  The pool boiling heat transfer 

performance mainly including the HTC and CHF for different structures  are experimentally 

studied, evaluated and compared, as well as the revelation of inherent physical mechanisms. 

 



2 Experimental setup 

2.1 Preparation of test samples 

In this work, high purity (>99.99%) spherical copper particles were used to prepare the 

copper porous structures, due to the high thermal conductivity of copper. The copper particles 

were prepared by gas atomization with an average particle size of ~100 micron. The copper 

particles were first put into a well prepared graphite mold, and placed in a vacuum sintering 

stove with a high temperature of 800 ℃ for several hours to form the porous structure. Each 

test sample was cleaned in an ultrasonic bath with 20% citric acid, absolute ethyl alcohol and 

de-ion water for 10 min respectively. All the copper pillars were made of C1020 oxygen-free 

copper, whose surfaces with direct contact with the copper porous structure were initially 

polished by using abrasive papers to have an almost mirror finish. The copper pillars were 

cleaned by ultrasonic cleaners immersed in acetone, and then rinsed carefully with pure water 

at the ambient temperature. These copper pillars and the copper porous structures were 

connected by direct sintering in the vacuum sintering stove, to form different test samples in 

the experiments.  

The porosity Φ of the copper porous structures can be estimated as follows: 𝛷 = 1 − 𝑚1𝜌1𝑣                            (1) 

where m1 is the mass of the test samples,ρ1 is the density of copper, v is the volume of the test 

samples. In order to validate the accuracy of the above estimation, the porosity Φ of the test 

sample can also be calculated using the infiltration method: 𝛷 = 𝑚2−𝑚1𝑣𝜌2                             (2) 

where m2 is the mass of the test samples filled with ethyl alcohol, ρ2 is the density of ethyl 



alcohol. The porosity of all the test samples ranged from 38% to 41% by the calculation. Fig.1 

shows the SEM photo of the copper porous structure, in which the particle diameter is in the 

range of 96-106μm. The average density of the copper porous structure is 5.46 g/cm3. 

Fig. 2 shows the schematic of different surface structures fabricated in this work. As shown 

in Fig. 2, for the test sample A, it was just a plain surface for comparison purpose; for the test 

sample B, three rectangular arteries were machined directly into the top surface of the copper 

pillar, and the copper pillar was covered by a copper porous structure with a thickness of 2.0 

mm.  . For the test sample C, three rectangular arteries were made in the bottom surface of the 

copper porous structure rather than the copper pillar; while for the test sample D, three 

rectangular arteries were made in the bottom surface of the copper porous structure, and there 

existed a porous structure with uniform thickness of 0.25 mm between the arteries and the top 

surface of the copper pillar. In Fig. 2, the diameter of all the copper pillars was 8mm, the 

thickness of the top copper porous layer was 2 mm, and the width and depth of the rectangular 

arteries were 1.0 and 1.5 mm respectively. 

2.2 Experimental system 

  Fig. 3 shows schematically the experimental system in this study, which is composed of a 

high-speed camera, a serpentine reflux condenser, a transparent boiling pool, a copper pillar, a 

high-frequency electromagnetic induction heater, and a temperature measurement and data 

acquisition system. The experiments were performed under the standard atmospheric pressure, 

and deionization (DI) water was employed as the working fluid. Serpentine reflux condenser 

was employed for cooling the vapor to maintain the liquid level in the pool. The wall of the 

boiling pool was custom-made of high temperature resistant quartz with an inner diameter of 



150mm and height of 140mm to enable a visualization study, and auxiliary heating thermostatic 

system were employed to maintain the water temperature at a constant value of 100°C. The 

stainless-steel plate was utilized as a supporting structure, on which a polyetheretherketone 

(PEEK) plate was introduced to reduce the heat loss from the copper pillar to the stainless steel 

plate as much as possible. The copper pillar passed through the hole located at the center of the 

PEEK plate and an O-ring was used to seal the small gap between the copper pillar and the 

PEEK plate, which can also effectively reduce the possible thermal conduction. The copper 

pillar was clad by thermal insulation layer made of alumina silicate fiber to decrease the heat 

loss from the copper pillar to the ambient. The high-frequency electromagnetic induction heater 

was used to act as the heat source to generate high heat flux, of which the output power can be 

continuously adjusted within the range of 0-15 kW. 

  In order to obtain the temperature distribution within the copper pillar, three type K 

thermocouples (Omega GG-K-30-SLE) with a precision of about ± 0.5 K were placed in the 

bottom, middle and top of the copper pillar, respectively (Fig. 3). An Agilent 34970A Data 

Acquisition System was utilized to monitor and record the temperature at a time interval of 

every 5s,and the Agilent 34970Awas linked to a computer for data display and storage. 

 

2.3 Data reduction and uncertainty analysis 

The temperature gradient in the axial direction of the copper pillar (dT/ds), heat flux (q), 

superheat (∆T) and evaporation/boiling heat transfer coefficient (h) can be calculated separately 

through the follow equations. 

At the steady state, the temperature gradient dT/ds was estimated using Taylor’s backward 



series approximation: 

dT
ds

= 3TTC1-4TTC2+TTC3
2s0

                               (3) 

where TTC1, TTC2, TTC3 is measuring point temperature data obtained from the thermocouples, 

s0 is the distance from measuring point TTC1 to TTC2. 

The heat flux on the boiling surface was calculated using Fourier's law of heat conduction 

equation: 

q=-λ dT
ds

                                   (4) 

where λ is the thermal conductivity, which was measured by hot Disk TPS 2500S，and the 

tested value is 380W/(m·K). 

Once the heat flux on the boiling surface acquired, the superheat and heat transfer coefficient 

can be calculated as follows: 

∆T=Tw-Ts=TTC1- qs0
λ

-

Ts                                                           (5) 

h= q
∆T

                                      (6) 

where Tw is bottom wall temperature of groove structure, Ts is saturated steam temperature of 

water. 

Individual standard uncertainties are considered to estimate the standard deviation of the 

results, which are calculated using a standard approach as follows: 

∆q=√2∆T
2 ( λ

2s
)2

+∆s2 [λ(TTC3-TTC1)
2s2 ]2

                          (7) 

∆∆T=√∆T
2 + q2λ2 ∆s

2+ s0
2λ2 ∆q

2                                    (8) 

∆h=√ q2(∆T)4 ∆∆T
2 + ∆q

2(∆T)2                                    (9) 

The uncertainty of the temperature measurement (∆T)through the thermocouples was within 



± 0.5 °C, and the uncertainty of the distance between adjoining thermocouple locations(∆s) is 

approximately ± 0.20 mm. The relative uncertainty is consistently calculated less than 3.0% 

when the heat flux is larger than 100W/cm2. The maximum uncertainty of the heat transfer 

coefficient is calculated to be less than 5.0% in all the cases. High temperature thermal 

insulation materials (alumina silicate fiber) were employed to reduce the heat loss from the 

surface of the copper pillar to the ambient. The thermal conductivity of alumina silicate fiber is 

about 0.0252 W/(m K), and the total heat loss from the copper pillar to the environment was 

estimated to be less than 4.0%. 

 

3 Experimental results and discussions 

3.1 Comparison among different porous structures 

Fig. 5 shows the evaporation/boiling heat transfer performance curves with different surface 

structures where the heat flux and the HTC represent the heat dissipation capacity and efficiency, 

respectively. 

Fig. 1 (A) shows the boiling heat transfer performance on a plain surface. With the increase 

of the superheat, both the heat flux and heat transfer coefficient increased. The critical heat flux 

(CHF) reached ~151 W/cm2, after which the boiling  entered the film boiling region, resulting 

in a rapid increase of wall tempertuare due to the presence of vapor film over the surface.  

  Fig. 1 (B) shows the evaporation/boiling heat transfer performance curves of the structure 

shown in Fig. 2(B). The heat flux increases with the increase of the superheat; however, the 

heat transfer coefficient first drops and then rises with the increase of the superheat. This 

phenomenon should be closely associated with the liquid/vapor distribution in the arteries. At 



small heat fluxes, the arteries were filled with liquid, and the boiling mainly occurred at the 

bottom and side surfaces of the arteries, which is similar to boiling on conventional extended 

surfaces. . At higher heat fluxes,  more vapor is  generated that reduces the liquid inventory 

in the arteries, causing an obvious reduction in the effective heat transfer area, i.e., a decrease 

in the heat transfer coefficient. As the heat flux reaches a threshold value, vapor would 

completely occupy the arteries, and under this condition, the function of the porous structure 

began to take effect. The vapor escaping from the liquid/vapor interface and the liquid flowing 

to the liquid/vapor interface were separated by this porous artery structure.   

  It should be noted that the highest value of the heat flux in Fig. 4 (b) is not the CHF. When 

the heat flux continues to rise, the superheat increases  rapidly to more than 150 °C, where the 

experiments were stopped. Moreover, high superheat is inapplicable for general equipment 

cooling. This experimental result is consistent with our previous work [31]. This high superheat 

should be attributed to imperfect contact between the microporous layers and the fins at the top 

of the copper pillars. 

  In order to address the  limitations, an improved structure was proposed, as shown in Fig. 

2 (C), and the evaporation/boiling heat transfer performance was shown in Fig. 1 (C). In this 

structure, the solid copper fins were eliminated, and the arteries were made directly in the 

bottom surface of the porous structure instead. Under this condition, the liquid can be supplied 

directly to the heating surface. As observed in Fig. 1 (C), the heat flux first increased quickly 

with the increase of the superheat, and it began to increase slowly after reaching a certain value. 

The HTC showed a different variation trend: it first increased with the increase of the superheat, 

and after reaching a peak it began to decrease quickly. The above phenomenon should be closely 



associated with the liquid/vapor distribution and vapor movement in the porous artery structure. 

At small heat fluxes, the microporous copper fins are filled with liquid, and nucleate boiling 

mainly occurs in the multiple arteries. With the increase of the superheat, both the active 

nucleation site density and effective heat transfer area increase, which should be responsible 

for the increase of HTC. At moderate heat fluxes, as more and more vapor is generated, vapor 

will occupy the whole arteries, and under this condition evaporation mainly occurs at the 

vertical surface of the microporous copper fins. At high heat fluxes, because the superheat 

becomes relatively large, vapor bubbles may be generated inside the porous structure and then 

escape to the multiple arteries. Under this condition, the higher the heat flux, the larger the 

thickness of the vapor film inside the porous structure, which should be responsible for the 

decreasing heat transfer coefficient with the increase of the heat flux. From Fig. 4(C), it can be 

concluded that this porous artery structure can effectively improve the CHF. That is because at 

high heat fluxes, such a structure can actively formulate the flow paths for liquid replenishment 

to the liquid/vapor interface and the vapor escaping from the liquid/vapor interface via different 

routes, with considerably reduced liquid/vapor counter flow. 

  A similar variation trend in the heat transfer performance was found in structure D, as shown 

in Fig. 1 (D). Different from the structure C, there exists a thin microporous layer between the 

copper heating surface and the arteries in structure D. The maximum heat flux obtained in the 

experiment reached up to 460 W/cm2. Compared with structure C, the heat flux under the same 

superheat was improved, and the starting point of the heat transfer coefficient deterioration was 

delayed. The reason is that on one hand this thin microporous layer can increase the effective 

heat transfer area; and on the other hand, the liquid can be directly supplied to the heating 



surface with the help of the capillary force. This advantage is salient especially at moderate heat 

fluxes, and the heat transfer coefficient is obviously higher for structure D than that for structure 

C. 

  It should be noted that the heat flux growth trend slowed down with the increase of the 

superheat especially at high heat fluxes, which occurred for both structures C and D. The reason 

should be attributed to the recession of the liquid/vapor interface in the porous structure. At 

small and moderate heat fluxes, the superheat was relatively small, and the liquid almost fully 

filled the porous structure, i.e., no vapor bubbles inside the porous structure were generated. 

However, with the increase of the superheat, nuclear boiling would occur inside the porous 

structure, and under this condition, a vapor film would exist in the porous structure adjacent to 

the heating surface. With the increase of the heat flux, more and more vapor were generated at 

the liquid/vapor interface, which caused the vapor region to increase and the liquid/vapor 

interface to recede in the porous structure. The increase of the thickness of the vapor film in the 

porous structure resulted in an increased heat transfer resistance between the heating surface 

and the liquid/vapor interface, which should be responsible for the rapid increase of the 

superheat. 

3.2 Effect of structural parameters  

  In Fig. 1, the boiling heat transfer in structure D shows the best performance, whose 

maximum heat flux reaches about three times of that on a plain surface. Because the structural 

parameters play an important role in the boiling heat transfer performance, the effect of relevant 

geometric parameters of structure D needs to be further studied. The schematic of structure D 

and the basic parameters are shown in Fig. 2 and Table 1 respectively. 



 

3.2.1 Effect of the thickness of top microporous layer 

  Fig. 3 (a) and (b) show the superheat dependency of the heat flux and heat transfer coefficient 

respectively for structure D, where the thickness of top microporous layer includes 1.0, 1.5, 2.0 

and 2.5 mm. In the experiment, the artery depth was 2.0 mm, and the thickness of bottom 

microporous layer was 0.25 mm. 

  As shown in Fig. 6, the four curves show quite similar variation trend with the increase of 

the superheat. With the increase of the superheat, the heat flux first increases quickly, then it 

begins to rise slowly. The maximum heat flux reaches about 460 W/cm2 when the thickness of 

top microporous layer is 2.5 mm. As explained earlier in section 3.1, this value is not the CHF.  

  Fig. 3 clearly shows that with the increase of the thickness of top microporous layer, 

significant improvement in the pool boiling heat flux and heat transfer coefficient can be 

achieved. This result is just contrary to our initial expectation. It would be expected that the 

main function of the top microporous layer is for liquid transport, and an increased thickness 

of the top microporous layer leads to increased liquid flow resistance. As a result, an increased 

thickness of the top microporous layer should be adverse to the liquid replenishment to the 

heating surface, causing reduced boiling heat transfer performance.  

  For the current experimental results, a possible reason may be presented as follows. The 

liquid transport through the top microporous layer is in both the vertical and horizontal direction. 

For the liquid transport in the vertical direction, with a fixed cross sectional area, the increased 

thickness increase the flow resistance and is obviously adverse to the liquid supply. However, 

for the liquid transport in the horizontal direction, the increase in the thickness can effectively 



increase the cross sectional area, which will be beneficial to the liquid transport and supply. 

Considering the overall effect of the thickness of the top microporous layer in the range of 1.0-

2.5 mm, the increase in the thickness of the top microporous layer can reduce the liquid flow 

resistance and benefit the liquid replenishment to the heating surface, causing improved boiling 

heat transfer performance. 

  In Fig. 6, the boiling heat transfer performance improves monotonously with the increase of 

the thickness of the top microporous layer; however, it does not mean that simply increasing 

the thickness of the top microporous layer can always effectively improve the boiling heat 

transfer performance. That is because when the thickness of the top microporous layer is very 

large, the liquid flow resistance in the vertical direction will be quite large. Under this condition, 

the liquid supply through the porous structure to the heating surface will be mainly in the 

horizontal direction rather than the vertical direction, and the effect of the thickness of the top 

microporous layer will become very small. 

3.2.2 Effect of the artery depth 

  Fig. 4 (a) and (b) show the effect of artery depth on the heat flux and heat transfer coefficient 

of structure D respectively, where the artery depth includes 1.0, 1.5 and 2.0 mm. In the 

experiment, the thickness of top microporous layer and bottom microporous layer were kept 

constant as 2.0 and 1.0 mm respectively. 

  As shown in Fig. 4, the effect of artery depth on the evaporation/boiling heat transfer 

performance for structure D is small, and can be generally ignored when the superheat is 

relatively small, i.e., ∆T < 10 °C. While a larger artery depth leads to better evaporation/boiling 

heat transfer performance at a higher superheat ( ∆T > 10 °C ). This result is reasonable as a 



larger artery depth means a lower flow resistance of the vapor flowing through it, which can 

facilitate the vapor removal from the liquid/vapor interface in the porous structure to the pool. 

The fast and easy vapor escape will result in a smaller layer of vapor region in the microporous 

structure, corresponding to better evaporation/boiling heat transfer performance. However, too 

large artery depth will also deteriorate the pool boiling heat transfer performance, because of 

increased flow resistance of liquid replenishment. Therefore, an optimal artery depth should 

exist to reach a tradeoff between reduced vapor flow resistance and increased liquid flow 

resistance.  

 

3.2.3 Effect of the thickness of bottom microporous layer 

  Fig. 5 (a) and (b) show the superheat dependency of the heat flux and heat transfer coefficient 

respectively for the structure D, where the thicknesses of the bottom microporous layer is 

selected as 0.25, 0.5, 0.75 and 1.0 mm. In the experiment, the diameter of the microporous layer 

was kept at 8.0 mm, and the artery depth and the thickness of top microporous layer were both 

kept constant at 2 mm. 

  According to Fig. 5, for the structure D, with the decrease of the thickness of the bottom 

microporous layer, significant improvement in the pool boiling heat flux and heat transfer 

coefficient can be achieved. For instance, at a superheat of 30 °C, the heat flux reached about 

268 W/cm2 when the thickness of the bottom microporous layers was 1 mm; while it increased 

to nearly 449 W/cm2 when the thickness was decreased to 0.25 mm, i.e., the heat flux was 

increased to nearly 1.7 times of that with a thickness of 1 mm. That is because the bottom 

microporous layer plays an important role in the evaporation/boiling heat transfer performance 



for this porous artery structure. The reason for heat transfer enhancement is believed to be the 

reduction in the vapor escape resistance in the bottom microporous layers in the vertical 

direction, which is also beneficial to the liquid replenishment to the heating surface. In this 

novel porous artery structure, the bottom microporous layer plays an important role in 

improving the evaporation/boiling heat transfer performance especially at the inception of 

boiling, i.e., the superheat is relatively lower at the onset of nucleate boiling. Once the 

liquid/vapor interface recedes into the copper microporous fins, the role of the bottom 

microporous layer will disappear. Under this condition, due to the low effective thermal 

conductivity of the porous layer, the heat transfer resistance increases obviously, causing the 

deterioration in the heat transfer performance. As shown in Fig. 8 (b), the heat transfer 

coefficient first increases quickly with the increase of the superheat, after reaching a peak value 

it begins to drop fast with the increase of the superheat.  

  In the experiment, a maximum heat flux of 465 W/cm2  was acquired at the superheat of 

about 50 °C. It is worth mentioning that this value is not the CHF. Because no vapor column 

was observed hovering around the porous artery structure in the test. According to our previous 

experimental results, this porous artery structure can effectively delay the arrival of the CHF 

utilizing the concept of "phase separation and modulation". However, due to the low thermal 

conductivity of the copper porous structure, the superheat becomes very large especially at very 

high heat fluxes. Therefore, this work is dedicated to proposing a novel porous artery structure 

and optimizing its structural parameters, aiming to achieve a high heat flux heat transfer at an 

acceptable superheat. 

 



4 Conclusions 

  In this work, in order to enhance the pool boiling heat transfer performance, different porous 

artery structures have been proposed based on the concept of “phase separation and 

modulation”. Extensive experimental studies of pool boiling heat transfer in different porous 

artery structures were performed, and the heat transfer performance was compared and 

analyzed. In particular, the effects of relevant structural parameters on the boiling heat transfer 

performance in an innovative porous artery structure were investigated in detail. According to 

the experimental results and theoretical analysis, some important conclusions have been drawn, 

as summarized below: 

  The innovative porous artery structure proposed here can significantly improve the pool 

boiling heat transfer performance through high-density vapor nucleation sites, capillary-

induced liquid replenishment, and the phase separation of liquid/vapor flow. Compared with 

the boiling heat transfer performance on a plain copper surface, a 200% higher CHF, 144% 

higher HTC as well as 59% lower superheat at the ONB are demonstrated for this innovative 

porous artery structure. 

  The pool boiling heat transfer performance increases with increasing thickness of the top 

microporous layer, especially at relatively large superheat, which is mainly caused by 

augmented cross sectional area and reduced liquid flow resistance in the horizontal direction. 

  There is no obvious relationship between the pool boiling heat transfer performance and 

artery depth of microporous layer at relatively low superheat. While at relatively high superheat, 

a larger artery depth contributes to better pool boiling heat transfer performance, which is 

believed to be due to reduced flow resistance for the vapor removal in the vapor channels. 



  The pool boiling heat transfer performance increases with decreasing thickness of the bottom 

microporous layer, especially at moderate and large heat fluxes, which is believed to be due to 

the reduction in the vapor escape resistance at the bottom microporous layer in the vertical 

direction. 
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Table captions 

Table 1 Basic parameters of the porous artery structure in the experiment 

 

 

  



Figure captions 

Fig. 1 SEM photo of copper porous structure (diameter range 96-106μm) 

Fig. 2 Schematic of different test samples in the experiment 

Fig. 3 Schematic of the experimental setup 

Fig. 4 Boiling heat transfer performance with different surface structures 

Fig. 5 Schematic of the porous artery structure 

Fig. 6 Effect of the thickness of top microporous layer on the evaporation/boiling heat transfer 

performance 

Fig. 7 Effect of the artery depth of microporous layer on the evaporation/boiling performance  

Fig. 8 Effect of the thickness of bottom microporous layer on the evaporation/boiling performance 

 

 

  



 

 

 

 

 

Table 1 Basic parameters of the porous artery structure in the experiment 

Items Parameter 

Diameter of lower part of copper pillar (D1)/mm 20 

Diameter of upper part of copper pillar (D2)/mm 8.0 

Microporous structure diameter (D3)/mm 8.0 

thickness of top microporous layer (H1)/mm 2.0, 3.0, 4.0 

Artery depth (H2)/mm 1.0, 1.5, 2.0 

Thickness of bottom microporous layer (H3)/mm 0.0, 0.25, 0.5, 0.75, 1.0 

Distance (s0, s1, s2)/mm 4.0, 4.0, 4.0 

Artery width (W1)/mm 1.0 

Fin width (W2,W3)/mm 1.2,1.3 

 

 

  



 

 

 

 

Fig.1 SEM photo of copper porous structure (diameter range 96-106μm) 

 

 

(B)(A)

(D)(C)

Copper pillar Copper pillar

Copper pillarCopper pillar

Microporous structure

Artery

 

Fig. 2 Schematic of different test samples in the experiment 

 

 

 

  



 

 

 

 

 

 

Fig. 3 Schematic of the experimental setup. 
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Fig. 1 Boiling heat transfer performance with different surface structures: (A) a plain surface, 

(B) structure B with artery depth 1.5 mm, (C) structure C with artery depth 1.5 mm, and (D) 

structure D with artery depth 1.5 mm and bottom microporous layer thickness 0.25 mm. 

(Microporous layer diameter: 8.0 mm, top microporous layer thickness: 2.0 mm). 
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Fig. 2 Schematic of the porous artery structure. 

 

 

 

Fig. 3 Effect of the thickness of top microporous layer on the evaporation/boiling heat transfer 

performance (microporous layer diameter: 8.0 mm, artery depth H2: 2.0 mm, bottom 

microporous layer thickness H3: 0.25 mm, top microporous layer thickness H1: 1.0, 1.5, 2.0 and 

2.5 mm). 

 

 

 

 

 



 

 

 

Fig. 4 Effect of the artery depth of microporous layer on the evaporation/boiling performance 

(microporous layer diameter: 8.0 mm, top microporous layer thickness H1: 2.0 mm, bottom 

microporous layer thickness H3: 1.0 mm, artery depth H2: 1.0, 1.5 and 2.0 mm). 

 

 

 

 

Fig. 5 Effect of the thickness of bottom microporous layer on the evaporation/boiling 

performance (microporous layer diameter: 8.0 mm, top microporous layer thickness: 2.0 mm, 

artery depth: 2.0 mm, bottom microporous layer thickness: 0.25, 0.5, 0.75 and 1.0 mm). 


