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__________________________________________________________________________________________ 

Abstract: Nucleation bulk tension factor (NBTF) of water droplets is variable with various 

curvature radius of droplets, the degrees of temperature and different pressure outside the 

surface of droplets. A simple model for NBTF of pure water droplets, free of any adjustable 

parameter, is presented by the curvature radius of droplets and the liquid-vapor transition 

temperature. It is shown that the present model for the water droplet offers not only a 

qualitative but even an excellent quantitative agreements with computer simulations for water 

droplets. This work is really significant for two-phase wet steam flow with spontaneous 

condensation where slight adjustments of surface tension of water will modify the 

nucleation parameters quite significantly. 

Keywords: Surface tension, Nucleation bulk tension factor, Water droplets. 

__________________________________________________________________________________________ 

1. INTRODUCTION  

The liquid-vapor surface energy density or surface tension γ, a fundamental property of water 

droplets, naturally corresponds with the reversible work to form a new liquid surface per unit 

area 1. It’s true that the surface tension γ of a certain water droplet, in addition to curvature 

radius, depends on the temperature T, pressure P and the composition of the two coexisting 

bulk phases. When considering the two-phase wet steam flow with spontaneous condensation, 

the composition of the two coexisting bulk phases reminds being the single water steam 

medium and the transition pressure P is closely related to the transition temperature Tb; namely, 

the transition temperature Tb of the bulk vapor phase is a single-valued function of the 

transition pressure P. Therefore, the surface tension γ(R, Tb), for a pure working medium of 

water steam, is determined by the transition temperature Tb and the curvature radius of droplets. 

Under the existing technology, the surface tension of small droplets, especially in magnitude 

between nanometer and micrometer, fails to be obtained in experiment. Thus, the common 
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method, named Molecular Dynamics (MD), is adopted to calculating the surface tension under 

different circumstances. However, the arbitrary values of small droplets with various radii have 

not yet been widely established on the basis of the transition temperature and the curvature 

radii of droplets.  

In the classical nucleation theory2(CNT) where the surface tension is often treated as the bulk 

one, the nucleation rate, in the exponential term, grows cubically as a function of surface 

tension, which will cause the calculation results deviate from the experimental results8. 

Combining the idea of Gibbs, Tolman3 illustrated that the surface tension must change its value 

with various droplet curvature radii when the radius Rs of the surface tension of the droplet did 

not correspond to the equimolar radius re. Furthermore, Koening4, Benson5, Pummer6, Kegel7 

went deeper on the theory of the size-dependent surface tension γ and predicted a decrease in 

surface tension with the droplet radius dropping it values. However, a united agreement has not 

been established to describe the numerical relationship between the surface tension γ and the 

factors impacting it. 

To control the intensity of the homogeneous condensation event, nucleation bulk tension factor 

NBTF is introduced in the classical homogeneous condensation nucleation rate expression8-9. 

It represents a ratio of size-dependent surface tension of small droplets to bulk surface tension. 

As the surface tension can influence the nucleation rate seriously, the values of NBTF predicted 

will have a difference to controlling the location of the condensation front, degree of super 

cooling, wetness fraction and droplet size. Moses undergone changing the values of nucleation 

rate and demonstrated the nucleation rate do effect greatly the results of Computer Fluid 

Dynamics (CFD) simulation10. In spite of the complex function of surface tension of water 

droplets, Sriram highlighted the fact that NBTF is really vital for condensing flows in steam 

turbines by comparing the numerical simulations with the experiment results with different 

values of certain NBTF11. However, it’s rude to treat NBTF as a certain value since the surface 

tension of water droplets varies with the transition temperature and the curvature radii of 

droplets. In addition, the transition temperature and the curvature radii of droplets will change 

the value of NBTF in return. 

Naturally the structure and energy differences between solid and liquid are small in comparison 

with those between solid and gas or between liquid and gas. Lu deduced a model and the results 

of model agree well with the computer simulation results of water droplets when assuming that 

the nanocrystal has the same structure as that of the corresponding bulk one12. However, all 

the transition enthalpy used in the model is equal to those of certain material under an 

atmosphere pressure. Thus, the model isn’t able to describe the variety of the surface tension 

when the liquid-vapor transition enthalpy change its value under different transition 

temperature, especially in two-phase wet steam flow with spontaneous condensation. 

In this paper, the function of transition enthalpy E0 is deduced using the method of polynomial 

fitting because the process of derivation in former model used by Lu12 are not able to restrict 

that the transition temperature must be a certain value under an atmosphere pressure. On such 

a basis, a simple model of NBTF is developed explicitly to account for the values of NBTF 
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under various transition temperature and curvature radius of working medium. And the new 

model predictions for γ(R, Tb) or NBTF have been reached a well agreement with the 

available results of computer simulation for water. The work makes a contribution to 

determining the surface tension or NBTF in CNT, which is significant for two-phase wet steam 

flow with spontaneous condensation. 

2. MODEL  

With regard to surface tension at a certain transition temperature, the surface tension γ(R, Tb) 

related to the size of water droplet and the transition temperature can degenerate to a size-

dependent γ(R) only. When assuming that the nanocrystal has the same structure as that of 

the corresponding bulk as well as the natural rule that the structure and energy of solid and 

liquid varies little in comparison with those between solid and gas or between liquid and gas12, 

the size-dependent surface tension γ(R) and the bulk one γ0 can be shown as the form,  
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Where, Sb is the bulk value of solid-vapor transition entropy with E0 and Tb being the bulk 

solid-vapor transition enthalpy and transition temperature. R is the curvature radius of the 

droplet and Ridg is the ideal gas constant. The h here is defined as the O-H bond length. 

As a natural consideration, the E0 can be treated as the ethalpy of vaporisation because the 

value of enthalpy in fusion is small in comparison of that in vaporization. In light of this 

consideration as well as a water molecule consists of three atoms, the ethalpy in vaporisation 

function E0 based on the data of ethalpy in vaporisation of water13 in various transition 

temperature can be given using the method of polynomial fitting , where the polynomial order 

is selected as four. 
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Where the M=0.01801514kg/mol represents the molar mass of water and Tb is the bulk liquid-

vapor transition temperature. At the same time, the values of Interpret, A, B, C and D are shown 

in Table 1. 

Table 1. Several Values of the Equation (3) 

Interpret A B C D 

2457.29 -2.69E-2 -3.25E-2 1.55E-4 -2.84E-7 

Combining equations 1 and 2 as well as the definition of NBTF, there is 
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Where the expression of E0 and the relative values of parameters has been shown in equation 

(3) and Table 1. 

3. RESULTS AND DISCUSSION         

In light of equation (4), comparisons of γ(R, Tb)/γ0(Tb) for water droplets with different 

transition temperature Tb and coexisting temperature T between the results of computer 

simulation and those of current model calculation are given in Figures 1, 2, and 3. The 

parameters related to equation (4) have been listed in Table 2. 

 

Table 2. Several Values of Parameters for Establishing the Curves of Three Figures 

 H Tb T γ0(T) 

 [nm] [k] [k] [mJ/m2] 

Figure1 0.09618 37315 30015 75.015 

Figure2 0.09618 37316 29816 66.016 

Figure3 0.09618 30017 30017 59.517 

 

 
Figure 1. The radius dependence of γ(R, Tb) with Tb=373K and T=300K for water15 

 

Figure 2. The radius dependence of γ(R, Tb) with Tb=373K and T=298K for water16 
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   Figure 3. The radius dependence of γ(R, Tb) with Tb=300K and T=300K for water17 

 

In Figure 1, the Monte Carlo method, to get the relative surface tension of computer simulation 

results, is carried out by Samsonov15 at room temperature T=300K with bulk surface tension 

remaining 75mJ/m2 and under atmosphere pressure which means the transition temperature of 

bulk water corresponds with Tb=373K. According to the results of computer simulation in 

Figure 2, the effective surface tension of water16 is shown at temperature T=298K, and the 

transition temperature Tb=373K with the surface tensionγ0=66.0mJ/m2 when the curvature 

radius approach infinity. In Figure 3, the surface tension17 is examined via non-equilibrium 

MD simulation in NVT ensemble. In terms of the simulation, the transition temperature and 

coexisting temperature remains the same as 300K and the bulk surface tension mentioned in 

the passage is regarded as 59.5mJ/m2.                                                                                                                                                          

It’s evident that the current model agrees well with the results of computer simulation of water 

droplets though there do exist some deviation. And the agreement corroborates the validity of 

the assumption in equation (4). 

As shown in Figures 1-3, the value of γ(R, Tb) falls off as the radii of water droplets decrease 

when being a certain transition temperature and coexisting temperature which have a great 

influence on the bulk surface tension γ(T). This can be explained naturally because being an 

energetic difference between the surface molecules and the interior molecules of the droplets, 

the surface tension γ(R, Tb) decreases as the energy of interior molecules comes closed with 

that of surface molecules when the radius of water droplets is really small. 

Though the transition temperature Tb is not equal to the coexisting temperature T in Figure 1 

and Figure 2. There is no influence on the values of NBTF since the equation (4) shown above 

has no association with the coexisting temperature. Furthermore, the concept of coexisting 

temperature is the same as the transition temperature when considering in the two-phase wet 

steam flow with spontaneous condensation. And the related equation predictions agree well 

with the simulation results in Figure 3 where Tb=T. 
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Though the tendency of the current model matches well with the simulation results, the current 

model, compared in three Figures, has the same trend that the equation predictions are slightly 

bigger than that of simulation at the beginning and slightly smaller than that afterwards. This 

might be the appearance that the deviations of deducing equation (1) which can be derived 

from Lindemann's criterion19 could accumulate. What’s more, the MD simulation of water can 

not get the truth of surface tension of water because current methods still exist some 

misunderstanding about the physical geometry of water molecule. However, the current model 

predictions, though there do exist some deviation, still fit well with the results of computer 

simulation as in Figure 1, 2 and 3.  

In the two-phase wet steam flow with spontaneous condensation, the surface tension of water 

droplet is really significant for the calculation of nucleation rate which grows cubically in the 

exponential term as a function of surface tension. As the transition pressure corresponds one-

to-one with the transition temperature, the surface tension of water droplet only depends on 

transition temperature and the curvature radius of droplets, which is reflected the same 

arguments as the equation (4). As a natural phenomenon, the water droplets with a critical 

radius first appears during the beginning process of spontaneous condensation and grows its 

size along with process undergoing deeper. When the curvature radius of droplets become 

bigger as the droplets grow, the NBTF should vary from a small value to 1 but it can't reach 

but approach 1 because the curvature radii of droplets, compared with the bulk one, would not 

be infinity in spontaneous condensation, which is in sympathy with the equation (4). 

Sriram11 demonstrates that the values of the fixed NBTF will change its values to meet the 

experimental data when the total temperature in numerical simulation remains diverse. At the 

same time, the reason has not been presented. In light of the results of numerical simulation 

shown in reference 11, the best fixed value of NBTF meeting the results of experiments tends 

to get larger and varies from 0.85 to 0.95 when the total temperature increases in the entrance 

of Laval nozzle with the same total pressure. It can be explained by our model in equation (3) 

and (4) because the transition enthalpy E0 decreases its value while transition temperature Tb 

increases. As the mathematical relationship shown in equation (4), NBTF, with other conditions 

remained constant, will increase its values as the values of Tb raises and the E0 reduces at the 

same time. 

In terms of the well agreement shown between our equation predictions of surface tension and 

the results of computer simulation, the simple model of NBTF shows a huge potential in 

predicting the nucleation parameters in flow field, which is really vital for the two-phase wet 

steam flow with spontaneous condensation. And further study can be aimed at inserting the 

model to calculate the nucleation parameters in complex process with two-phase wet steam 

flow with spontaneous condensation. 

4. CONCLUSION 

In summary, the function of transition enthalpy E0, associated with the experimental transition 

temperature, is established using polynomial fitting. On the basic function of E0, a simple 
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model for NBTF of pure water droplets is developed by the radius of droplets and the liquid-

vapor transition temperature. Reasonable agreements show the present model predictions 

reaches a well agreement with the results of computer simulations for water droplets. What’s 

more, the equation of NBTF might be significant for two-phase wet steam flow with 

spontaneous condensation and the trends of the best fixed value of NBTF meeting the results 

of experiments can be explained by our model.  
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