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Abstract: The results of an experimental study on critical heat fluxes (CHF) during the nucleate boiling of the HFE-7100 dielectric liquid in horizontal layers of different heights at atmospheric pressure are presented. The existence of a critical layer height has been established. In layers above the critical layer height, a hydrodynamic boiling crisis occurs; in thinner layers, a surface drying crisis occurs. At a layer height equal to the critical value, a dry spot first appears, followed by transition boiling, which gradually spreads to the entire heating surface. In these experiments, the critical layer height was equal to 6 mm. In a layer of liquid with a critical layer height of 6 mm, a two-dimensional Taylor instability was observed in the transition boiling mode when the ratio of the diameter of the “vapor jets” to the distance between them, as well as the void fractions in the layer (~π/16), corresponded to the main provisions of the Zuber theory. The calculation of CHF using the relations of Zuber’s theory, when approaching the crisis from the transition boiling side and taking into account the real geometric dimensions, aligns well with the experimental results.
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Nomenclature



	Symbols




	A
	Area, m2



	d
	Diameter, m



	g
	Acceleration of gravity, m/s2



	h
	Initial layer height, m



	hLG
	Latent heat of vaporization, J/kg



	k
	Kutateladze constant



	lv
	Distance between the centers of “vapor jets”, mm



	lσ=(σ/g(ρl−ρv))1/2
	Laplace constant, m



	m
	Wave number, m−1



	q
	Heat flux, W/m2



	T
	Temperature, °C, К



	Greek Symbols




	λd=2π3lσ
	Most dangerous wavelength of Taylor instability, m



	λcr=2πlσ
	Critical wavelength of Taylor instability m



	ρ
	Density, kg/m3



	σ
	Surface tension, N/m



	τ
	Time, s



	Subscripts and Superscripts




	cr
	Critical



	Calc
	Calculation using parameters taken from experiment



	H
	Referred to Helmholtz instability



	K
	Referred to Kutateladze equation



	l
	Liquid



	s
	Parameter on saturation line



	t
	Theoretical values of parameters and calculations using them



	v
	Vapor



	w
	Referred to heated surface



	Z
	Refers to Zuber theory




1  Introduction

Dielectric liquids are used for immersion cooling of micro and power electronic elements [1,2]. The saturation temperature for these liquids at atmospheric pressure is approximately (30–65)°C, with a permissible device heating temperature of approximately 85°C. The critical heat flux (CHF) limits the maximum heat flux that can be removed from the surface of a device as it cools. In works [3–5], a study was carried out on CHF during the pool boiling of the dielectric liquid HFE-7100 on surfaces with different roughness at various pressures. An increase in the CHF with increasing pressure is noted. The results of visual observations of the processes are presented; however, the authors primarily limited themselves to a qualitative description of the observed vapor structures. In [4], a boiling crisis on a copper surface with a diameter of 40 mm was investigated. Photographs of vapor structures at the moment of crisis and during transition boiling are provided. The presence of vapor bubbles of various sizes, vapor columns and mushroom-shaped bubbles is noted. In [5], it is noted that the CHF decreases with decreasing pressure and then increases slightly, i.e., a weak dependence of the CHF on pressure is observed in this range. It is noted that the value of CHF can be affected by the height of the liquid layer. The results of systematic studies on the influence of liquid layer height and reduced pressure over a wide range of variations are presented in [6,7]. In [6], a decrease in the CHF with decreasing pressure was also observed, followed by an increase in the CHF in a thick layer of liquid, when the process patterns were practically no different from those of the pool boiling process. In [8], the influence of the smooth heater size on the value of the CHF and heat transfer coefficients during the pool boiling of FC-72 on eight smooth silicon chips of different sizes is studied. It was found that when the chip side size exceeds 3λd (Comments regarding λd are contained in [9,10]), the CHFs do not depend on the heater size and are described by the relationship obtained in [11,12] for the CHF on an infinite plane. The sizes of chips are continuously increasing and have already closely approached the sizes at which the regularities of the boiling process are described by dependencies typical of heaters of infinite size. Under these conditions, one of the independent parameters influencing the value of the CHF may be the height of the liquid layer. The use of thin liquid layers of optimal height can increase the CHF compared to pool boiling of the liquid and can also significantly reduce the mass and size characteristics of the equipment, as well as the consumption of the coolant. Therefore, studying the CHF value in layers of liquid of different heights is an important research task.

Kutateladze in [13] obtained a relationship for calculating the CHF during nucleate boiling of a liquid on a very large horizontal plate with the heating surface facing upwards, using the method of dimensional analysis:

qcrK=khLGρv(σg(ρl−ρv)ρv2)1/4(1)


where Kutateladze recommended taking k = 0.16. Since this equation was derived from dimensional analysis, various theoretical models of CHF for pool boiling can be represented by Eq. (1), regardless of the proposed CHF mechanism.

Zuber in [14,15] obtained an equation for calculating the CHF on an infinite plane. To calculate the CHF, he recommended using k = 0.131 in (1). In Zuber’s analysis, the right-hand side of Eq. (1) was multiplied by the expression (ρl/(ρl+ρv))1/2, which differs significantly from unity only at near-critical pressures. Zuber constructed a CHF model based on the Taylor-Helmholtz theory of hydrodynamic instability between ascending vapor flow and a descending liquid flow. His model contains a developed mathematical apparatus that allows for various improvements and new results. In [16–18], various CHF models for pool boiling are considered, along with evaluations of CHF models and correlations. In [19], a similar approach, as described in [14,15], is used to predict CHF on bifilar surfaces based on Helmholtz instability and Taylor instability.

Lienhard et al. [11,12] applied the Zuber model to calculate the CHF for pool boiling of liquid on geometric bodies of various shapes, such as spheres, cylinders, and vertical plates. They showed that if the size of the horizontal surface is greater than 3λd, it can be considered an infinite plane. In [11,12], it was proposed to use the length of the most dangerous wave of Taylor instability as the wavelength of Helmholtz instability λH=λd and and it was found that k = 0.149, which better matches the experimental data. In the experiments [11,12], the horizontal heating surface was confined by vertical walls to eliminate the lateral inflow of liquid, which has a noticeable effect on the CHF. In [20], the shortcomings of the Zuber model and the difficulties in experimentally verifying of the main postulates are discussed. The relationships between the characteristic geometric dimensions of the vapor jets and their spatial arrangement can be established by analyzing visual observations, which can be very difficult to do when studying a crisis in pool boiling. Therefore, Yagov [21] in 2014 once again repeated the ironic opinion of Bergls [22], expressed in 1992 regarding visual observations of boiling crises in motion pictures and photo frames “One sees what one wants to see to support a particular mechanistic model”, which most accurately characterizes the state of research in the field of confirming Zuber’s hydrodynamic theory for pool boiling. In Zuber’s theory, the void fraction in the near-wall layer of liquid at the beginning of the boiling crisis is equal to π/16, as noted in [21]. In experiments, however, the void fraction of the wall layer is usually much greater.

Most experiments measuring CHF are performed under pool boiling conditions. More comprehensive requirements for conditions that satisfy the criteria of Zuber’s theory were formulated by Theofanus et al. [23,24]. Just as in the experiments [11,12], he says that the cross-section of the liquid volume in the horizontal plane must completely coincide with the cross-section of the heater. In experimental practice, this means that the heating surface must be limited by vertical walls. It is also necessary for the aspect ratio—the ratio of the thickness of the liquid layer to the smallest lateral dimension of the heating surface—to be small. However, specific recommendations regarding the height of the liquid layer and the ratio of the layer height to the dimensions of the plate are not provided in these works, making it necessary to conduct detailed experiments in this area.

In previous works by the authors of this article [25,26], the distribution of large bubbles in pre-crisis boiling regimes within a liquid layer on a horizontal surface with vertical walls was investigated. The two-dimensional instability of a boiling layer of liquid was experimentally discovered. It is shown in [26] that the distribution of “vapor jets” occurs in accordance with the conclusions of the two-dimensional Taylor instability [27]. The influence of the liquid layer thickness and void fraction in the layer on the mechanism of occurrence of the CHF and its magnitude was studied. The instability wavelength in a boiling liquid layer depends on the void fraction and is proportional to the wavelength of Taylor instability. Using the mathematical apparatus of Zuber’s theory, a hydromechanical model of the nucleate boiling crisis is proposed, both when approached from the developed nucleate boiling regime and in the case of a symmetric problem: the calculation of CHF when approached from the transition boiling side. The geometric characteristics of the vapor-liquid layer during transition boiling differ significantly from those proposed in Zuber’s theory [14,15]. The “vapor jets” had approximately the same diameter, equal to λd, which is 2 times greater than that postulated by Zuber’s theory. As a result, the distance between the “vapor jets” in [26] was greater than that in [14,15]. The “vapor jets” uniformly filled the entire heating surface, and the liquid returned to the heating surface along the meniscus between the “vapor jets”, while in Zuber’s theory, the ascending vapor flow was surrounded by a descending liquid flow. The void fraction in the liquid layer in [26] is estimated to be π/4, while in Zuber’s theory, the void fraction is equal to π/16. We are not aware of any experimental studies in which the void fraction in the liquid layer is approximately π/16 when approaching the hydrodynamic crisis from the transition boiling side, and in which the dependence postulated in Zuber’s theory between the sizes of the “vapor jets” and the distance between them is observed. The authors of this article [6,7,25] showed that a hydrodynamic boiling crisis occurs in thick liquid layers, while a surface drying crisis is observed in thin liquid layers. Therefore, there is a critical layer height hcr, above which a hydrodynamic boiling crisis is observed, and below which a surface drying crisis occurs. The question arises: what are the features of the hydrodynamic boiling crisis at the layer height hcr?

In this paper, an experimental study of CHF in thin horizontal layers of the dielectric liquid HFE-7100 is performed, depending on changes in a wide range of layer heights at atmospheric pressure. The experimental results are compared with known calculated dependencies. The results of the statistical processing of visual observations and calculations of CHF are presented based on the measurements of the diameters of “vapor jets” and the wavelengths of two-dimensional Taylor instability observed in a layer with a critical height of hcr = 6 mm in the transition boiling mode. The calculation results are compared with the experimental results.

2  Experimental Methods

The experimental installation for studying the process of nucleate boiling of a dielectric liquid includes a operating chamber, a cooling system, a pressure and temperature measurement system, data collection and processing systems, a power control system and a electric heater power supply (see Fig. 1a). The operating chamber mounted on a frame. Copper-constantan thermocouples were used to measure temperature. The volumetric flow rate of water in the coolant coil of the operating chamber is measured by a rotameter and regulated by a valve. The temperature in the warming coil the operating chamber kept constant by means of a pumping thermostat. The pressure measured using an ASG Edwards diaphragm manometer with an error of 0.2% of the total scale. The signals from the pressure gauge and thermocouples were recorded using NI equipment and processed in LabVIEW. A more complete description of the installation can be found in [6,26].
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Figure 1: Experimental installation: (a)—shot of the experimental installation: 1—operating chamber of the experimental installation, 2—manometers, 3—thermocouples, 4—pumping thermostat, 5—rotameter, 6—vacuum pump; (b)—operating chamber of the experimental installation: 1—bottom, 2—casing, 3—thermocouples, 4—vacuum inlet conflate type, 5—vacuum input, 6—viewing windows, 7—coolant coil, 8—warming coil, 9—heat insulator, 10—copper plate, 11—electric resistance heater, 12—electric heater housing

The operating chamber is made of stainless steel and consists of a cylindrical casing with a wall thickness of 1 mm, a height of 300 mm and an inner diameter of d = 120 mm, a bottom, and a cover (Fig. 1b). An electric heater with a power of 3 kW was attached to the bottom of the chamber. A copper plate with a thickness of 30 mm is located between the heater and the bottom of the chamber. The gap between the bottom of the chamber and the copper plate is filled with a special paste with high thermal conductivity. The operant chamber was cooled by water flowing through a coolant coil on the outer surface of the upper portion of the chamber. The warming coil heated the operating chamber casing to the saturation temperature of the dielectric liquid. One window on the operating chamber casing was used for illumination. Visual observations were made through the window in the operating chamber cover and one window in the chamber casing. The results of visual observations were recorded using a video camera with a shooting frequency of 30 fps. The temperature gradient across the chamber bottom thickness was determined from readings of five copper-constantan thermocouples located at different heights in the bottom. The heat flux through the chamber bottom to the HFE-7100 dielectric fluid was determined from the temperature gradient according to the Fourier equation. The estimated uncertainty of the heat flux measurement was nearly ~16% for q = 103 W/m2, nearly ~10% for q = 104 W/m2, and nearly ~4% for q = 105 W/m2. The bottom surface temperature was determined by linear extrapolation of the measured temperature gradient. The uncertainty of bottom surface temperature measurement was no more than ~0.6°C at heat flux 105 W/m2. The pressure in the operating chamber was kept constant. The lower horizontal surface (bottom) of the 12 mm thick operating chamber—a horizontal smooth surface 120 mm in diameter with roughness Rz = 3.2 μm, bounded by the vertical walls of the chamber—was used as the heating surface.

In this study dielectric liquid HFE-7100 was used as a test liquid. The experiments were carried out at a saturation pressure of 100 kPa in the operating chamber. The saturation temperature at this pressure is 61°C. The properties of the liquid and gas phases were determined using data from [28,29]. The experiments were carried out on layers with a height of h = 1.5; 2.5; 6; 10; 16; 25; 35 mm. The Laplace constant of HFE-7100 under the experimental conditions is 0.85 mm. The condition d >> 3λd is satisfied, therefore, according to [11,12,23,24], the heating surface in these experiments can be considered as an infinite plane.

3  Results

3.1 Results of CHF Measurements and Visual Observations

In all experiments, the q=f(Tw−Ts) curves were recorded, and the dependences of the heat transfer coefficient on the heat flux α=f(q) were constructed when processing the experimental data. The experimental data were compared with calculations using known correlations. The results were published in [30]. The results of the study of CHF depending on the layer height are shown in Fig. 2. As follows from Fig. 2, CHF first increases with an increase in the liquid layer height, reaches a maximum value at a layer height of approximately 16 mm, and then decreases. A similar dependence of CHF on the layer height was obtained in [6,7,31]. At a large layer height, CHF tends to a constant value equal to its value during pool boiling. In this case, CHF in layers of liquid with h = 10 mm and higher is in the range of calculated values, which are obtained in the calculation using the dependencies [13–15]. Visual observations showed that a surface drying crisis was realized in layers 1.5 and 2.5 mm high. A dry spot appeared in the center of the heating surface, which expanded from the center to the walls of the working chamber. In layers of greater height, a hydrodynamic crisis of nucleate boiling was realized. The results of CHF calculations in a 10 mm high HFE-7100 layer are published in [26]. When processing experimental data from visual observations of a layer with h = 10 mm in the pre-crisis mode, the distance between large bubbles that appeared on the upper boundary of the liquid layer, above the place of destruction of the “vapor jets” was measured. In layers of 16, 25 and 35 mm in height in the pre-crisis mode and after the crisis, circulation of the vapor-liquid flow was observed mainly from the center of the surface to the edges of the working chamber. Large bubbles were observed at the upper boundary of the layer, but during their movement they were carried away by the circulating flow in the horizontal direction from the point of formation, therefore layers with a height greater than 10 mm are also not considered in this work.

[image: images]

Figure 2: Dependence of CHF on the height of the liquid layer: 1—experimental data; calculated dependences: 2—[13], 3—[14,15]

This paper analyzes experimental data on the study of the hydrodynamic boiling crisis in a horizontal thin layer of dielectric liquid HFE-7100. Fig. 3 shows video footage of successive stages of the development of the crisis, indicating the moment in time from the beginning of the process when these video fragments were received. Before the crisis, the liquid layer is a fairly homogeneous bubble system (Fig. 3a). After reaching the CHF, a dry spot appeared on the heating surface. Then, near the center of the heating surface, next to the dry spot, a small region of transition boiling appeared, which is highlighted by an ellipse in Fig. 3b. Bubbles of approximately the same size are formed in the transition boiling region. Fig. 4 shows the boiling curve, and Fig. 5 shows the dependence of the change in the heating surface temperature on time. The arrows in Figs. 4 and 5 indicate the points at which the corresponding photographs shown in Fig. 3 were obtained. It is evident from Fig. 4 that the states shown in Fig. 3c,d correspond to transition boiling. The crisis develops according to a complex scenario. Upon reaching the CHF, the temperature increased with the formation of a dry spot in the center of the surface, and then, over a fairly long period of time, the structure of the layer changes, the area in it on which transition boiling exists increases, while the temperature of the heating surface remains practically constant for a sufficiently long period of time (Fig. 5).

[image: images]

Figure 3: Development of a nucleate boiling crisis in a layer of dielectric liquid HFE-7100 at a pressure of 100 kPa. (a) pre-crisis state; (b) crisis τ = 0 s; (c) transition boiling area approximately 15%, τ = 55 s; (d) transition boiling over an area of approximately 50% before the start of a sharp increase in the heating surface temperature τ = 1 min 34 s
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Figure 4: Boiling curve of a liquid layer with h = 6 mm. Lettering correspond to boiling regimes presented in Fig. 3
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Figure 5: Change in the heating surface temperature depending on time during the development of a crisis in a layer of HFE-7100 liquid with h = 6 mm. Lettering correspond to boiling regimes presented in Fig. 3

After the area of transition boiling occupies approximately half of the heating surface (Fig. 3d), a sharp increase in temperature began (see Fig. 5). At the moment the sharp increase in temperature began, the heater was switched off.

The surface drying crisis, when a dry spot is formed on the heating surface, is typical of thin liquid layers. As follows from Fig. 2, the layer with h = 6 mm is in the region where the transition from boiling in thin films to pool boiling occurs. The layer with h = 6 mm is at the lower boundary of the transition range from CHF in thin films to CHF in a pool boiling. Judging by the observed change in the boiling crisis mechanism (Fig. 3), this is the critical height of the liquid layer hcr=6 mm. If h > hcr, a hydrodynamic crisis of nucleate boiling occurs in the layer, and ordered structures are observed in the transition boiling mode. If h < hcr, a surface drying crisis is formed in the layer.

Analysis of the sequence of video frames at the initial moments of time, namely in the time interval τ ≈ 45–55 s, that vapor bubbles form on the sides of an almost square; in Fig. 6a, they are shown as circles. Also in Fig. 6a, the arrows indicate burst bubbles, these are vapor jets. The process is almost cyclical, first bubbles form, then bursting, turning into vapor jets, and between them, in place of the burst bubbles in the previous cycle, vapor bubbles form again. The formation of bubbles and vapor jets in this regime is controlled by two-dimensional Taylor instability. This process is shown in a diagram borrowed from [27] (Fig. 6b).
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Figure 6: Two-dimensional Taylor instability in a layer of liquid at the initial moment of crisis development: (a)—photograph of “vapor jets” in a thin HFE-7100 layer at nucleate boiling crisis: layer height h = 6 mm, volume pressure 100 kPa, q = 96.9 kW/m2, temperature difference (Tw − Ts) = 48.3 K, scale 1 cm; (b)—top view of the liquid–vapor interface with two-dimensional Taylor instability [Adapted from “Sernas V, Lienhard JH, Dhir VK. The Taylor wave configuration during boiling from a flat plate”. Int J Heat Mass Transfer. 1973;16:1820–21. Copyright 1973 Elsevier] [27]

The obtained experimental data for the transition boiling mode at times τ ≈ 45–55 s were processed. The results are shown in Fig. 7. During this time interval, the heat flux had already reached its critical value (Fig. 4), but the heating surface temperature remained practically constant (Fig. 5). In the process of processing the results, the diameters of the bubbles dv and the distances between the centers of neighboring bubbles lv were measured. More than one hundred measurements were performed for each parameter.
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Figure 7: Histograms of the distribution of characteristic sizes during a crisis in a layer of dielectric liquid HFE-7100 with a height of h = 6 mm, pressure 100 kPa, qcr = 96.9 kW/m2, Tw – Ts = 48.3°C: (a) diameters of vapor bubbles, mm; (b) distance between centers of vapor bubbles, mm

When statistically processing the experimental results, size distribution histograms were constructed for each parameter, and the sample mean and standard deviation were found. Fig. 7 shows the histograms. Measured diameters of bubble dv are plotted on the abscissa axis in Fig. 7a, and the measured distances between the centers of the vapor bubbles lv are plotted on Fig. 7b, and the corresponding number of measurements of these quantities is shown on the ordinate axis.

The data obtained as a result of statistical processing on the sizes of bubbles and measuring the distances between them, as well as the results of measuring the CHF, are given in Table 1.
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At the onset of the crisis at a pressure of 100 kPa, the ratio (dv/lv) is close to that postulated by Zuber. In Fig. 6b, two instability wavelengths are highlighted, these are the one-dimensional instability wavelength λ2=λd and the two-dimensional instability wavelength λ3=2λd. In this case, the most frequently occurring wavelength seemed to be the two-dimensional instability wavelength lv≈2λd=13.07.

3.2 Comparison of CHF Calculations with Experimental Values

The obtained CHF measurement results were compared with calculations using the equation obtained as a result of the application of the mathematical apparatus developed by Zuber:

qcrZ=hLGρv(AvA)(σmρv)1/2(2)

When calculating CHF using the measured parameters dv and lv (see Table 1) according to the classical arrangement of vapor jets at the corners of a square, the corresponding parameters were substituted into this equation. The heating surface area occupied by one vapor jet is equal to Av=πdv2/4. The heating surface area on which one vapor jet is located: A=lv2. The critical Rayleigh wavelength at which vapor jets become Helmholtz unstable: λH=2π(dv2)=πdv. Critical Helmholtz wave number: m=2πλH=2dv. After substituting all values, the calculation equation was obtained:

qcr.Calc=hLGρv(πdv24lv2)(2σρvdv)1/2(3)

The value of the void fractions in Zuber’s theory, as noted above, is equal to π/16 = 0.196. In this case, after substituting all the values, we obtain the void fraction of πdm2/4lv2=0.162. The experimentally observed value of the void fraction is 17% less than the theoretical value. The difference is small compared to the typical value of the void fraction at heat fluxes close to CHF, which is estimated as π/4 = 0.785.

As noted above, in the process of measuring the distance between bubbles, the length of the two-dimensional Taylor instability wave λ3 was apparently measured most often (Fig. 6b). Theoretical instability wavelength equal to the distance between the centers of the vapor bubbles lvt=λ3=λd2. For the diameter of the vapor jet we obtain dvt=λd/2. After substituting into (3) instead of the experimentally measured values of quantities dv and lv their theoretical values dvt and lvt, we obtain an equation for calculation according to the scheme shown in Fig. 6b, where CHF is expressed in terms of λd:

qcrt=hLGρv(π16)(22σρvλd)1/2=0.1hLGρv(σg(ρl−ρv)ρv2)1/4(4)

As can be seen, this equation reduces to an equation in the form of the Kutateladze Eq. (1) with a constant k = 0.1. A comparison of experiments with calculations is given in Table 2. The deviation from the experiment of the calculated value of the CHF was determined by the dependence:

|qcr−qcr.Calc|qcr100%.
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The deviation from the experiment of the remaining parameters indicated in Table 2 was calculated similarly, as the ratio of the modulus of the difference between the theoretical and experimental values to the experimental value.

From Table 2, it is clear that the calculated value of CHF differs from the experimentally obtained value by 2.3% if the calculation Formula (3) is used, into which the experimentally obtained values of linear dimensions dv and lv are substituted. The experimentally measured value of the linear dimension lv differs from the calculated two-dimensional wavelength of the Taylor instability lvt=λd2 by 1%, while the measured diameter of the vapor jets dv differs from the calculated value by 8.8%, therefore the calculated CHF value using these linear dimensions differs from the experimentally determined CHF value by 18.7%.

4  Conclusion

Experimental data illustrating the effect of layer height on the CHF value during the nucleate boiling of the HFE-7100 dielectric liquid at atmospheric pressure were obtained. The CHF increased with increasing layer height up to 16 mm, and then decreased to values corresponding to the CHF during pool boiling.

The layer height influences the observed type of boiling crisis. There is a critical layer height of hcr; at h<hcr a crisis of surface drying was observed in the layers. In layers from h>hcr, a hydrodynamic boiling crisis was observed. In a layer with a height of h = 6 mm, a dry spot first formed (which is typical during a surface drying crisis). Then, regular structures in the form of large bubbles appeared on the heating surface. As a result of their destruction, “vapor jets” were generated, which are typical of transition boiling during a hydrodynamic crisis, according to Zuber’s theory. The dry spot has disappeared. Such a change in the type of boiling crisis allows us to conclude that in this case hcr=6 mm.

Based on the results of measuring the distances between bubbles and their diameters in the transition boiling mode within a hcr=6 mm layer, it was found that the location of the bubbles on the heating surface, upon the destruction of which “vapor jets” are formed, is determined by the two-dimensional Taylor instability. The ratio between the diameters of the “vapor jets” and the distance between them, as well as the void fraction of the layer, practically coincides with the values postulated in Zuber’s theory. In Zuber’s theory, the void fraction is 0.196, while in the experiment it is 0.162. The calculation of the CHF using Zuber’s mathematical apparatus aligns well with the experiment. The obtained experimental data for the critical height of the layer confirms all the main provisions of Zuber’s theory.
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Table 1: Experimental results and calculation of characteristic linear dimensions

Pressure, kPa T7,°C [,,mm A,,mm A, mm ¢, kKW/m?> d, mm /,, mm d,ll,)
100 61 0.85 5.33 9.24 96.9 6.04+09 13.2+26 045
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Table 2: A comparison of calculations with experiments

qa qz?r, Calc qz?rt l vt dvt

Parameter value 96.9 kW/m?> 99.1 kW/m?> 115kW/m? 13.07mm 6.53 mm
Deviation from experiment, % 2.3 18.7 1 8.8
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