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MODEL OF LIQUID BOILING IN THE ACTUAL POROUS STRUCTURE 
AT THE NEAR-CRITICAL AREA WITH FURTHER TRANSFER TO THE 

LIMIT STATE OF COATING 
 
Abstract: modelling of capillary porous coatings and analogy of their processes could help reveal a mechanism 

of heat transfer during evaporation of liquids, and determine zones for occurrence and development of fatigue 
fractures in the activation centers of vapour nucleus, research the natural deposits (saline deposits, scales) and 
artificial porous coatings on metal barriers (bases) up to the limit state of materials. Coatings were made of the poor 
conductive mineral medium (quartz, granite, teschenite) with low porosity (3÷30%). Heat was supplied from flame 
of the rocket burner and electric current. Stability of heat transfer is ensured by excessive cooler at the joint action of 
capillaryand mass forces. Solution of the thermoelastic problem has led to connection between the heat flows that 
destroy heat stress and fracture energy and time of the heat supply, as well as size of the pulled coating particles. The 
areas for relaxation, micro and macro destructive processes were determined, which point out the causes for 
occurrence and development of fatigue fractures of the heat-and-power equipment at stress concentrator along with 
erosion processes and relation between the limit state of compression and tension and unit. The conducted research 
refers to the transition operational modes of boiler turbine equipment, as well as formation of the capillary porous 
cooling system. 

Key words: porous coatings, cooling system, heat exchange. 
 
The burners development [1-3] refers to research of the porous cooling system for the rocket burners 

[4-9]. At heat influence upon the mineral poor heat conductive porous coating by burner, after a certain 
time a part of coating gets heated at some certain temperature, and the initial temperature remains at the 
other parts. Therefore, inside the porous coating a temperature gradient arises, which results in uneven 
extension. The surrounding non-heated layers do resist such extension. As a result, heat stresses occur 
both in the heated part, and in the surrounding non-heated part including base. These stresses could reach 
destructive values. In works [2,3] there are solutions for heat stress for idealized processes. The normal 
compressive stress played the dominant role in destructive process. Destruction of the porous coating 
takes place as a result of loss of stability in thin layer adjacent to free surface. Thus the stressed condition 
of upper layer was reviewed, its thickness depends on the heat emission factor and coating structure and 
base (metal steam generating surface). 

In the irradiated coating a density of vacancies rises vigorously that quickly joint in cavities since the 
intensity of the vacancy joining process is proportional to quadrat of their density. If cavities of vacancies 
could transmit into dislocations, then the irradiated coating have plastic properties and is not destructed 
under influence of burner. All metals are like that. Some mineral rocks such as tuff, marble and limestone 
have this property.  

If dislocations are missing in coating, then the growing cavities of vacancies have stresses focused on 
their edges and lead to destruction. Meanwhile, yet heat stresses in coating do not reach a limit of plastic 
flow. The brittle heat destruction occurs.  

For cooling of heat exchange surfaces of power units up to the critical heat flows(~106 W/m2) as 
based on reference there are apparent imaginary contradictions in forming a process of heat exchange in 
porous structures when it is discussed which medium was beside the wall such as liquid, steam or steam-
water mixture. In our works it is specified that all models do not contradict each other, and describe 
different modes of boiling [4-9]. 
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Zone of the transition section is not so large towards the developed bubble boiling due to the high rate 
of growth of active steam generation centres ത݊. Further growth of heat load q leads to a stable operation of 
great number of active centres of bubble generation, their even distribution on all steam generating 
surface. However, on some critical condition a boiling crisis and surface overburning occur. Therefore, 
carrying out analogy in processes of deliberate destruction of fragile materials and boiling crisis would 
allow to make modelling and reveal a mechanism of such processes. 

Some tests were performed in order to reveal a mechanism of destruction using methods of 
photoelasticity and holography [1]. 

Assessment of the stressed condition of models in similar time periods was performed with the help 
of photographic recording of isochromes and calculation of line sequence n at different points of the 
assessed directions. 

Solution of the thermoelastic problem could help determine the limit state of medium for porous 
coating and metal steam generating surface [2,3,9]. 

Under heat destruction of poorly heat conductive low porous coatings and metal wall (base) it is 
required to detect the impact of specific heat flow value q and time of its impact τ for forming destructive 
stresses σ, grain size composition of husks (size of pulled particles), and for metal is a depth of 
permeability of temperature perturbation δ. 

At rising value q during a very short time τ the dynamic effects become quite significant, compression 
stress σ reach big values, often they exceed the limit of material strength to compression a few times. Thus 
it is required to take into account these stresses in mechanism of the material heat destruction. It is 
required to determine which type of stress σi reach earlier its limit values. 

Let’s review a plate 2h thick. The permanent specific heat flow q is being supplied to surface z=+h 
starting from time τ = 0. The lower surface z=-h and side edges of plate are heat insulated. 

Heat conduction equation with boundary and initial conditions is written in form of:  
 

݀ст
డమ்

డ௭మ
ൌ

డ்

డτ
	,T = 0 τ< 0; 
 

стߣ
߲ܶ
ݖ߲

ൌ ,ݍ ݖ ൌ ൅݄	; стߣ
߲ܶ
ݖ߲

ൌ 0, ݖ ൌ െ݄	, 
 

Where ݀ст,ߣст–rates of temperature conductivity and heat conductivity of wall (base) [10]. 
Temperature distribution as per thickness depends on heat physical properties of material, value of 

heat flow and time of supply [2,3]. 
Having known the temperature distribution in plate it is possible to calculate heat stresses of 

compression and extension, arising at certain time τat a different depth from surface δi(h=zi) at value of 
heat flow q, since plate with variable temperature as per thickness is located in flat stressful condition [2]. 

 
Fig.2 - Dependency of heat flows qi, that cause compession stress III of the quartz coating due to the action time τ for different 
thickness δ of pulled particles: I – tension stress sufficient for destruction; I1, I11 – copper and stainless steel, h = 0,1x10-3 m;  

II – surface burning-off. Curves II1, II11 for copper and steel almost match curve I in area τ = (0,01…0,1) s 
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micro fractures in the coating monolith reduce its strength for compression around fracture and that the 
compression strength could be two times bigger that the tension strength.  

Curves Q=f(q) with their minimums with growth δi are reduced q, and for heat destruction of fragile 
coatings a smaller power capacity Q is required. 

Therefore, there is a high risk of probable limit heat stresses at the launching and stopping of boiler-
turbine equipment of power plants. These stresses occur first of all at locations of concrentrators, which 
are the birth centers of the active vapor phase or centers of forming condensate drops. Capillary porous 
structure could be both of natural origin (saline deposits, scales), and of artificial origin with good and 
poor heat conductive materials in the wide porosity limits from 3% to 90% (permeability). The structures 
may play a modelling role, and act as highly intensive and enhanced cooling system. For example, the 
teschenite porous coatings serve as the modelling material that have 5 times higher rate of line extension, 
and have 10 times smaller of heat supply rate and approximately identical temperature of melting in 
comparison with power steels. They are the most viscous with porosity up to 30% (see Fig.6)   
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