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ENERGY SAVING USING HEAT EXCHANGERS 

COVERED WITH POROUS COATINGS

A b s t r a c t

used as part of mechanical systems, it is possible to save energy. The paper presents possible ways of producing more 

Keywords: boiling, porous coatings 

1. Introduction

In thermodynamic cycle the temperature differences 

between the evaporator section and the heat source, 

and between the condenser and the heat sink, are 

performance, the temperature differences need to be as 

oC to 
oC results in the reduction of required work by about 

achieved due to introduction of porous coverings on the 

surfaces. In boiling, they might dissipate the same heat 

temperature differences. Such microstructures might be 

used in many industrial applications – in refrigeration, 

chemical engineering. Orman discussed their possible 

heating and ventilation systems [8].

2. Boiling heat transfer augmentation 

or the application of microstructures of different 

vibrations is also possible [1, 2]. Microstructures can 

be produced on the heater surface by deposition or 

by mechanical means. There are many kinds of such 

coatings produced with the thermal spraying 

investigated water and ethanol boiling on a horizontal 

surface covered with porous layer of sintered bronze 

10 times higher than of the smooth surface. For the 

W/cm2 the required temperature difference for the 

the smooth surface amounted to about 16 K while for 

analysed water boiling on horizontal surfaces coated 

of copper, aluminum and silver. The heat transfer 

1 mm apart from each other. The height of the pins 

2 the temperature difference required 
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Another type of microstructural coatings are 

porous structures was reported by Wójcik in [19]. 

2

W/m2

the boiling process there is a strong dependence of 

covering was 0.6 – 0.8 mm thick. The heat transfer 

Orzechowski and Orman [10]. Moreover, for the 
2 the temperature 

difference for the smooth surface was 12 K, while for 

the porous layers 9 K (for water). In the case of the 

Quite common are also wire mesh microstructures 

transfer augmentation is possible with the application 

of such structures. A coating consisting of three 

copper mesh layers of wire diameter 0.18 mm and 

mesh structure was even a few times higher than for 
2

the required temperature difference for water boiling 

respectively. Orzechowski and Orman [12] also 

mesh structures consisting of two mesh layers – each 

from a different material: copper and stainless steel – 

sintered together on a copper heater surface.

Many techniques can be used to enhance heat 

transfer. Xiuling et al. [21] studied boiling of nitrogen 

and an additional porous coating was sintered onto 

coating was 6 – 8 times higher than of the smooth 

tube. It was also higher than of the tube without the 

New methods of heat transfer augmentation are 

analysed electro – spark deposition as a means of 

coverings investigated by Wójcik et al. [20]. These 

structures are sintered from copper powder with the 

3. Modelling boiling heat transfer for porous coatings

Modelling of boiling heat transfer is of practical 

One of the models has been proposed by Nishikawa 

conduction from the heater surface to liquid according 

                           (1)

where:  is the height of the porous layer, T is the 

difference between the temperature of the heater 

surface and the saturation temperature of the liquid 

(often referred to as wall superheat), 
m
 describes 

effective thermal conductivity. 

m
 is calculated as:

             (2)

where:  is porosity of the microstructure, 
l
 and 

s

conductivity values of liquid (l) and structure material 

(s), respectively. 

The value of 
m
 is crucial for the model calculations. 

[17] formula (2) describes the effective conductivity of 

the liquid – solid system if the solid elements are parallel 

to the heater. In the case of the perpendicular direction 

the following equation has been proposed in [17]:

the case of these microstructures another method of 

thermal conductivity calculation needs to be adopted 

according to the equation given in [17] as:
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according to data by Wójcik [18] with the calculations 

performed using the Nishikawa model – original 

graphically presented as so called “boiling curves” – 

geometrical parameters of the coating are different. 

Consequently, a different value of F should be 

been preformed to determine a new value of F for 

the analysed microstructure. It has been calculated as 

4. Discussion 

possibilities in heat transfer enhancement and reduce 

knowledge of the physical processes inside porous 

and chemical properties of the microstructure. In the 

case of smooth surfaces more is known. In [6] the 

discussion of this issue is presented.

structures and different production methods, it is 

a model. However, the concept presented here (based 

to consider. A method of calculating the F value, 

which seems to be related to the structural properties 

of the porous covering, could be a new approach. 

and theoretically.
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ok. 1,8 K. Rainey and You [16] badali wrzenie FC 

1 W/cm2 -

-

-

-

-
2 -

-

-

-

pokrycia ze spieczonych siatek: miedzianej i stalowej. 

-

-

niny proszków miedzi i tlenku miedzi. 

porowatym

-

-

odniesieniu do danych eksperymentalnych z [18]. Po-

-

nak struktury o innych parametrach geometrycznych 

-

4. Dyskusja 

-

-

-

-

-

w oparciu o parametry mikrostruktury. W przypadku 

-

parametrów pokrycia porowatego.


