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EXPERIMENTAL INVESTIGATION ON HEAT TRANSFER IN TRANSIENT BOILING ABSTRACT

During reactivity initiated accidents in a core of a nuclear reactor, a power excursion occurs on some fuel rods. The consequent rapid boiling is a matter of study for the nuclear power plants safety evaluation, because of the risk for rod-clad failure. In order to better understand the influence of power excursions and to characterise the phases of the rapid boiling phenomenon, an experimental set-up has been built at IMFT. The test section is a setni annulus. The inner half cylinder is made of a stainless steel foil, heated by Joule effect. Its temperature is measured by an infrared camera filming the backside of the foil, coupled with a high-speed camera for the visualisation of the phenomena. Measurements were made for two types of tests: when a square current signal is applied to the foil and when the current output follows a triangular shape. These measurements showed the influence ofboth shape and value of the supplied power and of the temperature increase rate on the wall temperature during boiling.

INTRODUCTION

In the core of a nuclear reactor, some control rods are located between the bars ( or rods) containing the nuclear fuel. These rods help controlling the reactions chain. It may occur that one of these control rods is ejected leading to a local fast rise in generated power and temperature of the nuclear fuel bars. It is called "Reactivity Initiated Accident" (RIA). The power peak duration is only some milliseconds but it can lead to failure of the clad containing the nuclear fuel and release of radioactive material into the primary reactor coolant. Thus, the RIA is taken into account for the nuclear power plants safety evaluation.

Clad to coolant heat transfer is a key phenomenon during RIA. Clad temperature and its mechanical resistance depend on it. Past research programs [START_REF] Bessiron | Clad to coolant heat transfer in NSRR experiments[END_REF]; [START_REF] Sugiyama | Effect of cladding surface pre oxidation on rod coolability under reactivity initiated accident conditions[END_REF]; [START_REF] Beloeil | Etude d'un accident de criticité mettant en présence des crayons combustibles et de l'eau hors réacteur de puissance[END_REF]) showed that the transient clad to coolant heat transfer in these accidenta! conditions highly differs from classical heat transfer correlations for established regimes. These experiments pertnitted to plot the boiling curve but they had uncertainties due to difficulties in temperature measurements. The boiling phenomenon is too rapid to be followed accurately by thermocouples. Despite this uncertainty, some characteristics of the fast transient boiling phenomenon were identified.

In the phase of thermal convection before the onset of boiling, the main heat transfer mechanism appears to be conduction: this phase duration is too short to allow convective heat transfer. Then, when the wall temperature increase is steep, it seems that boiling starts on a lot of nucleation sites at the same time. The presence of a great number of bubbles, that permit to dissipate a lot of heat, may explain the fact that the boiling crisis occurs at a higher heat flux. Heterogeneous nucleation at the wall or homogeneous nucleation in an area near the wall, may contribute to the boiling onset [START_REF] Sakurai | Mechanisms of transitions to film boiling at CHFs in subcooled and pressurized liquids due to steady and increasing heat inputs[END_REF]; [START_REF] Sakurai | Photographie study on transitions from non boiling and nucleate boiling regime to film boiling due to increasing heat inputs in liquid nitrogen and water[END_REF], [START_REF] Ciampi | Heterogeneous boiling inception in rapid surface temperature transient state[END_REF]). These mechanisms seem to become more important as the pressure and the sub cooling are high.

It is observed in fast transient boiling studies that, as the heating rate gets higher, the heat flux is more important. For example, [START_REF] Auracher | Experimental studies ofboiling mechanisms in all boiling regimes under steady state and transient conditions, !nt[END_REF] found that the critical heat flux becomes four-time higher than in the stationary case when the heating rate reaches 50K/s. Also the oxidation of the wall can contribute to an enhancement of the critical heat flux. Unfortunately there is not a lot of information on the effect of the wall surface conditions. Moreover, as it is very difficult to get high temperatures in a very short time, it is not possible to find in literature studies done at faster heating rates, except those on Joule heating on wires. But this geometry is far from the geometry of a fuel rod. Hence, there is a great interest of building a rapid-heating experimental device that keeps the rod geometry.

Once the boiling onset is reached, in sufficiently rapid transient boiling a vapour film covers the wall instantly. It is possible to talk about transient boiling when the nucleate boiling regime lasts less than 1 00ms. Actually, if the phase between the boiling onset and the film creation lasts only a few milliseconds, the boiling onset is explosive. The vapour film appears rapidly and violently. For longer times, there is no explosion but the nucleate boiling phase does not have time to develop. This is the case of RIA boiling phenomena. Between the boiling onset and the crisis in RIA conditions, only 20 to 50ms go by. The time needed for boiling bubbles to leave the wall is 4-20ms and some tens of bubbles are necessary to talk about fully developed nucleate boiling [START_REF] Sakurai | Photographie study on transitions from non boiling and nucleate boiling regime to film boiling due to increasing heat inputs in liquid nitrogen and water[END_REF]). The film-boiling phase is reached in a very short time. There is no knowledge on the film development during rapid transient boiling. The following rewetting phase is also unstudied, because of the difficulties in representing the fuel rod real inertia. It seems that the wall surface conditions are quite important in the rewetting regime, and that they have more influence in this phase than in the boiling onset. Hysteresis appears and the critical peak heat flux is much lower in rewetting than in heating. The rewetting can be considered stationary, as the fuel rods have a considerable inertia and they do not cool quickly.

In view of the absence of experiments that investigate high heating rates and of the lack of knowledge on rapid transient boiling, an experimental set-up has been built at IMFT. Its main aim is to permit to understand the effect ofhigh heating rates on the boiling curve.

In this article, the experimental apparatus and the measurement techniques are first described. Then, the evolution of the wall temperature is plotted. Tests where a square power is applied are presented separately from those where a triangular power is used. Moreover, for the first group of experiments, tests where the nucleate regime was established and for those where the film boiling was reached are also distinguished. The tendency on the boiling onset temperature, T ONB, the mean nucleate boilingregime temperature T NB and the film boiling temperature evolution are shown. A simulation mo del with the Comsol software has been developed in order to evaluate the amount of the heat losses and to obtain a quantitative evaluation of the heat flux transmitted to the fluid. It will be used in the near future to evaluate data.

EXPERIMENTAL TEST SETUP

The experimental set-up consists of a metal half-cylinder heated by Joule effect, placed in a half-annulus section. The inner half cylinder is made of a 50 microns thick stainless steel foil. Its diameter is 8.4mm, and its length 200mm. The outer part consists of a 34mm internai diameter glass half cylinder (fig. 1). The semi-annular section is filled with a refrigerant, 1methoxyheptafluoropropane (C 3 F 7 0CH 3 ), named HFE7000. It is chosen because of its low saturation temperature (34°C at atmospheric pressure), its latent heat of vaporisation (ten times smaller than the water one), and the reduction in the critical heat flux that it involves (for atmospheric pressure, the critical heat flux given by Zuber's correlation is 1.11MW/m 2 for water and 0.17 MW/m 2 for HFE7000). Shortly, it allows reducing the needed power.

The stainless steel has been chosen for its high resistivity (72 J..l!lm) in order to have a high electrical resistance and thus an elevated Joule power. The thickness homogeneity was verified by checking the homogeneity of the heated foil temperature by means of an infrared camera. The small thickness permits to consider that there is no temperature gradient inside the foil (its Biot number is 0.018). The diffusion time, 0.6ms, is also small enough to assume that there is no time lag between the thermal evolution of the outer and inner wall. Thus, it is possible to measure the temperature of the wall that is in contact with air, in order to know the temperature of the wall that is wetted. The metal half-cylinder is glued to two lateral quartz glass plates (3mm thick, 42 mm wide, 200 mm long). The plates, together with the foil, are placed in an aluminium cell. In this cell, a visualisation box is created in order to reduce optical distortions. There are windows on the back of the aluminium cell; they allow the electrical connections and the visual access to the metal foil. A special attention is paid to the electrical connections, as the contact resistance must be reduced.
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The electrical power that is dissipated in the foil is in average 85% of that of the whole system, including also electrical connections and connection cables. The electrical power is provided by a SORENSEN SGA power supply. lt covers the 0-40V voltage range and the 0-250A current range. lt can be used even at very low power, since it can supply even tension and current close to zero. The power supply is driven by an arbitrary generator, where all kind of curves can be programmed. Thus, power peaks or graduai power ramps can be imposed. The power supply can provide a current increase up to 45A/s. Moreover, the thermal inertia of a fuel rod can be simulated by a smooth descent in the supplied power.

The metal foil is painted in black in order to increase its emissivity (the paint emissivity is 0.94). In fact, the thermal measurements are realised by means of an infrared camera that looks at the back face of the foil (see figure 1 ). lt is a CEDIP JADE III camera and its sensitivity range is 3.5-5.1 J.lm. lt has a focal plane array type and it has a Stirling-cooled MCT detector of 240 x 320 pixels 2 • An acquisition frequency of 1000 im/s can be reached on small window of 64 x 120 pixels 2 while, without windowing, its highest frequency is 350 im/s. The 1000 im/s acquisition rate guarantees that the thermal dynamic is correctly followed, as the fastest heating tests have a power rising time of 0.1 s, and the diffusion time is only 0.6ms. The infrared camera is calibrated thanks to a DCN 1000 N4 black body. In the experiment that will be presented, a 50 im/s frequency was chosen, with 240 x 320 pixels 2 • The metal foil area that was investigated was a 5 x 25 mm 2 rectangle.

The thermal measurements are coupled with high-speed camera visualisations. The high-speed camera, a PHOTRON RS 3000, looks at the half-cylinder from one side. The used acquisition rate of the experiments was 500 im/s, with an image size of 1024 x 1024 pixels 2 • Before the experimental tests, it was checked that the high-speed camera visualisation area was at the same height on the half cylinder that the infrared camera visualisation zone (25mm). The output signal of the high-speed camera is recorded by means of a National Instruments box. By the same box, the tension and current signais are picked up and this permits to synchronise the camera images to the recording of the other measurement signais.

The current signal is acquired by a !TB 300-S LEM sensor. lt can measure up to 300A with a ±0.05% accuracy. lt can follow current variations up to 100 A/f.ls and its response time is lower than 1 J.lS at 300A. The voltage is measured by means of a MY-64 multimeter whose accuracy is 0.5% + 1 digit of the read value. The multi-meter connected with two cables allows a local voltage measurement. This permits to know the local electrical resistance of the metal foil. This measurement is done before the experiments. During the tests, the whole system tension is recorded, but it is possible to know the power that really passes through the foil by comparing the foil and the system resistances.

The National Instruments box is also used to acquire the thermocouples signais. There are three K-type thermocouples and they measure the HFE7000 temperature, the air temperature and the infrared camera temperature as well. Quantitative infrared measurements are possible only if the surroundings and the camera keep a constant temperature during the tests. Figure 2 presents a scheme of the experimental set-up and measurement techniques.

CAMERA Figure 2: Measurements techniques

RESULTS

In this article, three tests are presented. The first two correspond to the experiments where the supplied power is squared: a current value is fixed by means of the arbitrary generator, and reached almost instantly a constant value. It is important to underline that it is possible to obtain a square power signal only for low current values and long-lasting steps. This is the first test case. Figure 3 shows the shape of the power curve. Voltage cannot stabilize if the current to be provided is too high or the time too short. Moreover, the temperature tends to change the system resistance, thus involving a voltage change during the test duration. Test two includes experiments where the current imposed signal was square, but not the resulting power. Figure 6 presents the power curve in this case. The last test corresponds to a transient power case where the desired current value is reached by following a triangular signal. The resulting power is not exactly triangular, because the voltage does not increase linearly with time. This can be seen in figure 8.

Considering the square-power tests, the lowest current value that allows nucleate boiling is 25A, which correspond to 70W power measuredjust at the exit of the power supply. By means ofresistance measurements, it is possible to verify that 85% of the Joule power is dissipated into the metal foil. The rest is tost into the electrical connections. This means that the power density is 2.25 W/cm 2 if the lateral heat losses are not taken into account. The 25A current value corresponds to the lowest current value employed in these tests. The highest imposed current value is 75A, which corresponds to a mean power of 613W (that is 19.7 W/cm 2 on the foil surface without considering the laterallosses). As explained, it is possible to divide the tests into two categories. Each pulse given during the frrst test lasts 9s and the output power signal can be considered squared. During these experiments, the nucleate boiling regime is reached and stabilized. The second group corresponds to higher power values. In fact, the supplied power is more than 300W and the current is more than 50A. This value is high enough to avoid a square power to be delivered by the power supply.

In test two, during sorne experiments, the film boiling condition was reached (these cases will be called 'b'). As the provided power is elevated, the boiling phenomenon rapidly evolves from nucleate boiling to film boiling. Thus, white the frrst test presents an established nucleate boiling curve, the second one shows a transient boiling curve. It is possible to plot the temperature evolution in time by means of the infrared measurements. On the infrared pictures, an area with an homogeneous temperature field, which covers the metal foil surface, is considered to average the temperature measurements. It is important not to take into account the borders of the metal foil and to focalise on the central part. Border temperatures are very high, white the curvature effect may alter the measurements far from the centre of the half cylinder. The considered window is 3mm large and 10mm long (vertical direction). Its size is big enough to permit a meaningful mean spatial temperature evaluation.

Figure 3 shows the temperature time-evolution for a low-power case (test 1). Power is also plotted in this figure. It is possible to see that there is a high increase in the temperature value during the fust 50ms. The power passes from zero to the peak value in 30ms. The metal foil follows this rapid increase and gets 20 K in a few tens of milliseconds. This corresponds to the thermal convection regime. lnfrared measurements and high-speed camera images confirm that there are thermal plumes into the fluid (fig. 4). The highest temperature corresponds to the boiling onset. As boiling begins, the heat transfer is enhanced, so the wall temperature decreases considerably. The following part of the boiling curve corresponds to an almost constant temperature. It is the nucleate boiling heat transfer that avoids the increase of the wall temperature. ---------~--------------~------------ The small augmentation that can be seen in the temperature evolution corresponds to the power small increase. Finally, as the power is switched off, the temperature decreases to its initial value. Once again, the small inertia of the metal foil makes it respond instantaneously to the power signal.
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Figure 6 shows the case of a higher power that leads to film boiling (series 2b ). 

-

The experiments are interrupted before that the high temperature damages the metal foil. It is possible to see that there is a delay, in the cooling process, between the power and the temperature decreases. Once the film boiling regime is reached, the beat transfer is reduced. The amount of heat that passes to the quartz plates is increased, because the transfer toward the fluid is worse than during nucleate boiling. The vapour film deteriorates the beat transfer. Quartz plates have a higher inertia than the metal foil, and they need more time to cool down. The temperature enhancement is still partly caused by the power augmentation, but it is mainly due to the beat transfer worsening. It is possible to see that the tests are repeatable. Figure 7 shows three sets of curves: the two that represent the low power cases belong to tests one, the other two to test 2b. The repeatability of the experiments guarantees that data are consistent.

The third series of data is associated to a triangular signal. The fact that the power is continuously increasing affects the wall temperature behaviour. The lowest transient power curve has a 35A maximum current and lasts 9 seconds, while the highest one has a 65A maximum current and lasts Il seconds. In terms of power, the lowest test ends at 230W (7.4W/cm 2 ) peak power, while the highest at 500W (16W/cm 2 ). Up to now we did not evaluate if the beat tosses are higher in this case than in the square power one. Simulations are needed to shed light on this point. This test reaches the nucleate boiling regime but never passes to film boiling.

The experiments belonging to test 3 can be analysed in two ways. The fust one consists of taking into account the cases where the power ramp is constant while the test duration changes (fig. 8). The second one is considering the cases that have the same peak power but different durations that is, different power ramps (fig. 9).

When the power ramp is constant, the boiling onset always occurs at the same point. The curves are well superimposed till the boiling onset. There is only a small difference in the onset boiling temperature between the tests that have the same power ramp. The nucleate boiling regime needs sorne time to establish. This behaviour did not appear for the square power cases. This is probably due to the fact that the heated system receives progressively the power and thus needs more time to reach a stable condition. There is a slope change in the nucleate boiling part that is associated to the beginning of a nucleate boiling stable regime. Once the nucleate boiling phase is reached, the nucleate boiling temperature increase rate is the same for the tests that have the same power ramp. The final temperature depends on the experiment duration.

When the power ramp changes, there are sorne differences that are worth to be underlined (fig. 9). First of all, the boiling onset is delayed when the power is low. The lack of energy prevents the boiling phenomenon to start. Thus, the convective phase is longer. The boiling onset temperature is not considerably affected by the difference in the power ramps. The boiling curves present a phase of stabilisation before the nucleate boiling regime. The slope change that corresponds to the beginning of the established nucleate boiling phase becomes less significant when the power grows. The system has more energy and needs less time to get to the established nucleate boiling regime. This is consistent with data coming from the square power tests, where this initial phase is not visible at all. If the nucleate boiling part is considered, it is possible to see that a change in the power ramp corresponds to a change in the temperature increase rate. The nucleate boiling regime is longer for the highest power cases, because of the limited duration of the transitional phase of establishment of nucleate boiling and because of the shorter convection phase. Then, it ends at a higher temperature, because of the enhanced temperature increase rate. 40 ,-~-------------,--------------r------------- The good correspondence of the boiling curves that can be seen in figures 8 and 9 proves the consistency of the third test data. 
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RESULTANALYSIS

In the following part, tests are compared in order to highlight the most significant tendencies.

The first interesting point is the boiling onset. The corresponding temperature, T oNB, is plotted in figure 11. Since the liquid temperature varies during the tests, the difference T oNB-TL is plotted.

This figure shows how the onset boiling temperature is influenced by the temperature increase slope, dT/dt. The dT/dt value is evaluated for the regime of thermal convection, taking into account the beginning temperature and the ToNB-value.

It is possible to see that the two test groups behave differently. Tests 1 presents a linear augmentation of the ToNB-TL as dT/dt increases. The convective heat transfer is enhanced when the temperature increase rate dT/dt grows. Thus, the beginning ofboiling is delayed. The second (and second 'b') test does not follow the same tendency. It seems that ToNB-TL reaches an asymptotic value, which is independent of the temperature increase. There is no difference between the high power experiences that present film boiling and the others. The fitting line is almost horizontal. The two groups division occurs at 60 K/s.

It is possible to estimate the nucleation site radius [START_REF] Carey | Liquid Vapor Phase Change Phenomena, An Introduction to the Thermophysics ofVaporization and Condensation Processes in Heat Transfer Equipment[END_REF]) for a T 0 NB-TL value of 37K, that is, the asymptotic value.

This gives 2 •1 o• 2 1J.m. Probably ail the nucleation sites, even the smaller ones, are activated, that is wh y there is an asymptote. An experiment has been made where a vapour film appears on the wall instantaneously. It corresponds to a case ofrapid boiling. In this experiment, the onset of the nucleate boiling occurs at TONB-TL = 46K, for a dT/dt value of 122 K/s. It is a much higher value than those found in the other tests. This could be due to the presence of other boiling mechanism, which plays a role on the boiling onset. Indeed, a deeper investigation on these rapid boiling test cases is needed.

Figure 11 also presents the third test that is the transient supplied power case. The points can be compared to tests 1. The boiling onset temperature grows for a small temperature increase range. The power is supplied progressively and the thermal convective regime is longer than in the case of power square signais. The boiling onset temperature variation is smaller than for the tests 1. This means that in the case of power ramps, the onset temperature is less affected by the power shape. This is consistent with the fact that square power signais present a very steep beginning, as the power value bas to be reached in a few milliseconds. The initial power ramp is thus more significant in the case of square power.

Then, it is interesting to look at the nucleate boiling part. The mean temperature of the nucleate boiling curve is plotted versus the mean power on the same time lap, in figure 12. The experiences belonging to test 1 in steady nucleate boiling are compared to the transient supplied power case (test 3). In the two cases, the mean temperature grows as the mean power augments. The mean power is evaluated from the nucleate boiling onset to the end of the experiments, for test 1. For test 3, the part where the nucleate boiling phase is not stable, is not considered. The mean temperature and the mean power are evaluated on the part of the curves where nucleate boiling is developed. The power is almost constant.

The two groups have different behaviours. The square power experiences present a well-established nucleate boiling phase and the temperature increase slope is between 5 •10• 2 K/s and 0.5 K/s. Test 3 presents a temperature increase rate around 2K/s.

A deeper analysis is needed to make a quantitative comparison to the data of [START_REF] Auracher | Experimental studies ofboiling mechanisms in all boiling regimes under steady state and transient conditions, !nt[END_REF]. These authors plotted the heat flux density versus the wall superheat for different temperature increase rate dT/dt up to 50 Kls. They found that the variation of the temperature increase rate leads to different boiling curves. As dT/dt increases, the boiling curve becomes steeper and the critical heat flux is increased. The effect of the temperature increase rates on our experimental data is also pointed out in Figure 12. According to the analysis of Auracher and Marquardt, the points belonging to tests 1 can be considered on the same boiling curve with dT/dt close to zero, corresponding to a steady boiling regime. This curve is not very steep as the temperature increase rate is almost zero. Test 3, which corresponds to transient experiments, can be gathered on another boiling curve, whose slope is around 2K/s. The temperature increase rate is higher than for the first group tests, thus the slope is steeper. This is consistent with Auracher and Marquardt's results. However a quantitative comparison with the results of Auracher and Marquardt is not possible because the heat losses toward the lateral quartz plate have still not been precisely evaluated. At a first step, the lateral heat losses into the quartz plate have been roughly estimated around 30% of the total heat flux. Then the heat flux transmitted to the liquid in a steady of transient boiling regimes have been evaluated and are of the same order of magnitude as those found by Auracher and Marquardt's for the same values of dT/dt. The evaluation of the lateral heat losses is necessary to obtain quantitative measurements of the heat flux transmitted to the fluid. Thus, a 2D numerical model will be used in order to know the heat flux that is really passed from the wall to the fluid. The software that has been chosen in order to calculate this flux is Comsol Multiphysics. By means of the resolution of the Fourier equation in both the metal foil and in the quartz plates, it will be possible from an energy balance to quantify the heat flux transmitted from the metal foil to the fluid. The heat flux transmitted to the fluid will be obtained from the difference between the heat flux dissipated by Joule effect in the foil and the heat flux lost into the quartz plates. It is not possible to estimate it a priori, since the time duration of the experiments has a strong influence on the heating rate into the quartz plate and on the borders of the metal foil.

CONCLUSIONS

An experimental set-up has been built to investigate fast transient boiling regimes that can be encountered in the case of reactivity initiated accidents in nuclear reactors. A semi annular metallic foil is heated by Joule effect. The foil temperature evolution is recorded with an infrared camera. An electrical power supply allows delivering a constant or variable value of the current use to heat the foil by Joule effect. Two types of experiments were performed. The first one correspond to the cases where a constant current signal was used, whose duration varied between 9s (test 1) and 4/5s (test 2). The second type corresponds to a linear increase of the current with different slopes and durations (from 7s to 11.5s).

With a constant current, a rapid increase in the wall temperature is observed until the onset of nucleate boiling. Then the wall temperature quickly decreases and stabilizes around a steady value in the nucleate boiling regime. At high power steady nucleate boiling is not observed, the wall temperature always increases and it is possible to see a transition to film boiling. For transient tests the effect of the slope is pointed out.

The first results are presented in this paper versus the Joule power the wall temperature increase rate dT/dt. For the tests at constant current, the more the power increases, the more the wall temperature increase rate dT/dt augments. The temperature at the onset ofnucleate boiling directly increases with dT/dt until it reaches a maximum value corresponding to activation of the smallest nucleation sites on the foil. In transient regime, the value of dT/dt before the onset ofnucleate boiling is small. The temperature required for the onset of nucleate boiling is larger than with a step of current for which energy is instantaneously transmitted into the foil. The evolution of the wall temperature during nucleate boiling is also plotted, versus the mean power for steady and transient nucleate boiling regimes. The heat transfer is larger in transient nucleate boiling regime, than in steady nucleate boiling regime, as already observed by other authors. Since the metallic foil is glued to quartz plates, a significant part of the power is lost by conduction toward the plates and the heat flux transmitted to the liquid cannot be directly evaluated. Thus the unsteady Fourier equation will be solved numerically with the software Comsol Multiphysics to quantify this heat flux. In the near future, Comsol simulation will be run. Thus, a quantitative comparison with literature results will be possible. Moreover, different test cases, like linear growing power tests or tests where the film boiling is instantaneously reached will be performed. This last type of experiments will hopefully clarify the mechanism ofboiling when rapid boiling occurs.
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 4 Figure 4: Convective plumes on the metal foil. From the left, high-speed camera and IR images (Test 1) Figure 5 (right) shows an infrared image where nucleation sites appear. The left image presents nucleate boiling as seen by the high-speed camera.
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 5 Figure 5: Nucleate boiling on the metal foil. High speed camera and IR images (Test 1)
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 67 Figure 6: Power and temperature evolution, test 2b
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 8 Figure 8: Comparison of experiments having the same power ramp (Test 3)

Figure 3 :

 3 Figure 3: comparison of experiments having different power ramps (Test 3)
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 4 Figure 4: ToNB-TL versus temperature increase rate before the onset ofnucleate boiling
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 12 Figure 12: supplied mean power versus T NB-TL
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