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BOILING PHENOMENA IN NEAR-CRITICAL SF 6 OBSERVED IN WEIGHTLESSNESS
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Boiling phenomena in the two-phase region of SF 6 close to its critical point have been observed using the high-quality thermal and optical environment of the CNES dedicated facility ALI-DECLIC on board the International Space Station (ISS). The weightlessness environment of the uid, which cancels buoyancy forces and favorizes the three-dimensional spherical shape of the gas bubble, is proven to be an irreplaceable powerful tool for boiling studies. To identify each key mechanism of the boiling phenomena, the ALI-DECLIC experiments have beneted from i) the well-adapted design of the test cells, ii) the high-delity of the ALI insert teleoperation when long-duration experiment in stable thermal and microgravity environment are required and iii) the high repeatability of the controlled thermal disturbances. These key mechanisms were observed by light transmission and interferometry technique independently with two sample cells lled with pure SF 6 at a near-critical density. The uid samples are driven away from thermal equilibrium by using a heater directly implemented in the uid, or a surface heater on a sapphire optical window. In the interferometry cell, the bulk massive heater distinguishes two symmetrical two-phase domains. The modication of the gas bubble shape is observed during heating. In the direct observation cell, the gas bubble is separated by a liquid lm from the thin layered transparent heater deposited on the sapphire window. The liquid lm drying and the triple contact line motion during heating are observed using light transmission. The experiments have been performed in a temperature range of 10 K below the critical temperature T c , with special attention to the range 0.1 mK ≤ T c -T ≤ 3 mK very close to the critical temperature. The unique advantage of this investigation is to provide opportunities to observe the boiling phenomena at very low heat uxes, thanks to the ne adjustment of the liquid-vapor properties, (e.g. surface tension), by precise control of the distance to the critical point. We present the new observations of the gas bubble spreading over the heating surface which characterizes the regime where vapor bubbles nucleate separately and grow, as well as liquid drying, vapor lm formation, triple contact line motion, which are the key mechanisms at the origin of the boiling crisis when the formed vapor lm reduces the heat transfer drastically at the heater wall.

INTRODUCTION

One of the most ecient ways of heat transfer is boiling phenomena of a liquid in contact with a solid heater. Such a heating process attracts strong attention from thermal engineers, especially when boiling crisis occurs, which may produce an irremediable damage of a heat exchanger via the heater melting. Indeed, boiling crisis is a transition from a regime where vapor bubbles nucleate separately on the heater wall to a regime where the heater wall is entirely covered by a continuous vapor lm. When formed, the vapor lm reduces the heat transfer drastically at the heater wall, due to the low gas thermal conduction. This transition phenomena appears when the heat ux exceeds a threshold value, called the critical heat ux (CHF). Understanding the physics of the CHF is thus essential in industrial heat exchanger design and thermal management.

One of the most established phenomenological approaches characterizing the boiling phenomena and the boiling crisis is based on the so-called Nukiyama curve [1,2]. However the desired identication of the phenomena that trigger the boiling crisis process is complex. Experiments remain an essential way to descriminate the mechanisms governing the bubble formation and growth, the bubble detachment and/or spreading, as well as the vapor lm formation and stabilization. Futhermore, the experimental conditions where the critical dryout occurs on Earth make a true challenge for any detailed analysis, especially when deeper understanding of the boiling crisis under the gravity acceleration eld is essential. The main reason is the highly nonequilibrium nature of the boiling crisis, which makes impossible a study in steady state conditions. It can only be studied during the very short transient period where the crisis takes place, which enhances the experimental diculty of collecting the pertinent data. Finally, not so many works have adressed this tedious task, using mainly visualization methods of the bubble spreading with high-speed video cameras (see for example [3]) or high-speed high-resolution infrared thermometry (see for example [4]).

The present work reports preliminary results of an experiment using a uid near its liquid-gas critical point in microgravity conditions. The experiment overcomes the high instability of the process by taking benets from the universal slowing down of the dryout and the cancellation of the buoyancy forces. This allows to perform space-and timeresolved experimental studies of the bubble spreading and vapor lm formation, which are necessary for subsequent detailed analyses supporting theoretical and numerical developments. Indeed, near the liquid-gas critical point, the thermal diusivity tends to vanish, requiring a longer time for all the diusive equilibration processes. This entails the evaporation process and the bubble growth slowing down as approaching the critical point, with a related vanishing of the local uid motion. In addition, the convergence of the liquid and gas densities, associated to the reduction to zero of the surface tension, implies a steep decrease of the CHF value, so that the boiling crisis can occur for small heat powers and small temperature gradients. All the general trends of these properties are satisfying the universal power-laws as a function of the temperature distance to the liquidgas critical point [START_REF] Anisimov | Equations of State for Fluids and Fluid Mixtures[END_REF], which helps the data analysis. However such observations are impossible on Earth where the gravity attens the interfaces and prevents formation of the spherical bubbles. This occurs because the capillary length tends to zero. One thus needs to perform such experiments in the weightlessness environment to keep the conventional bubble morphology and to cancel gravity-driven ows in the two-phase uid (see for example [START_REF] Ma | [END_REF]7]).

Boiling has been studied in microgravity conditions, where an interesting phenomena has been initialy observed in a heated sulfur hexauoride (SF 6 ) sample near its liquid-gas critical point, using the ALICE 2 -CNES facility on board the Russian MIR space station [8]. During heating, the single bubble spread over the heater surface while approaching and crossing the critical point to reach the homeogeneous domain. The modeling and numerical simulation [9,[START_REF] Nikolayev | Boiling crisis and evaporation at the triple contact line[END_REF] of the thrust of production of vapor can explain this gas spreading, also evidenced in a ground-based experiment where magnetic eld gravity compensation (with residual gravity forces of order 0.02 g 0 , where g 0 is the constant acceleration on Earth's) was produced in a small volume of parahydrogen near its critical point.

Here we report new experimental observations approaching the gas-liquid critical point of SF 6 on well-designed test cells [START_REF] Garrabos | [END_REF], using the high-quality thermal and optical environment of the CNES dedicated facility ALI-DECLIC [START_REF] Cambon | 55th International Astronautical Congress, paper IAC-IAF/ IAA-04[END_REF][START_REF] Marcout | Proccedings of the IAC-2006[END_REF] on board the ISS (see for detail [START_REF] Pont | Proccedings of the IAC-2012[END_REF]). We show that the key mechanisms -bubble spreading, liquid drying, vapor lm formation, triple contact line motion -have been captured. That opens a new route for the future analyses with the objective to place the boiling crisis at zero gravity in the context of critical dynamics of non-equilibrium systems, as suggested by recent studies [START_REF] Janecek | [END_REF]16,17].

The paper is organized as follows. Section 2 presents the pressurized optical cells (labeled DOC for direct observation cell, and IOC for interferom- etry observation cell) designed to study the boiling crisis in non-homogeneous critical uids. Sections 3 and 4 show main preliminary results obtained during 12 experimental sequences with the ALI-DECLIC insert, on one hand using the massive heater and interferometry observation technique (Section 3), and on the other hand the transparent resistive surface heater and light transmission methods (Section 4).

Cell designs

Pictures of the direct observation cell (DOC) and the interferometry observation cell (IOC) are shown in Figs. 1(a) and 2(a), respectively. Each cell is lled with SF 6 of electronic quality, corresponding to a 99.98% purity (from Alpha Gaz -Air Liquide). The critical coordinates (temperature, pressure, density) of the gas-liquid critical point of SF 6 are the following [18,19]:

T c = 318.737 K, p c = 3.73 MPa, and ρ c = 742.6 kg m -3 . The total uid volume of DOC (IOC) is 0.468 cm 3 (0.508 cm 3 ), including a small dead volume mainly due to lling holes, corresponding to a total SF 6 mass of 0.353 g (0.391 g), leading to the lling mean density ρ = ρ c + 1.6% (ρ = ρ c + 1.0%). The meandensity estimation of each cell uses a very precise optical method [START_REF] Morteau | Proceedings of the Second European Symposium on Fluids in Space[END_REF] based on the relative variation of the position of the liquid-gas meniscus on Earth, as a function of T -T c .

DOC

The DOC design [START_REF] Garrabos | [END_REF] leads to the expected microgravity conguration of the gas-liquid phase distribution given in Fig. 1(b), where a central gas bubble is surrounded by the liquid wetting the cell walls and sapphire windows. The uid sample volume mainly corresponds to a cylindrical volume of D = 10.6 mm inner diameter and e = 4.115 mm inner thickness. Such a uid sample conguration was indeed observed at large distance from T c using wide eld light transmission, as illustrated in Fig. 1(c).

The two main characteristics of this cell design are the following: (i) spherical concave surface of the entrance sapphire window (∼ 0.3 m curvature radius); (ii) in situ integration of a heating device as a form of transparent resistive layer (labeled R8), deposited on the at exit sapphire window [START_REF] Saadedin | [END_REF]. In the expected equilibrium conguration between two equal volumes of coexisting gas and liquid phases at critical density, the gas bubble is slightly compressed between the two sapphire windows, separated from the resistive at layer by a thin liquid lm, and maintained in symmetrical axial position by the concavity of the entrance window. These dimensional and shape requirements of the cell design are then appropriate for light transmission observation of the drying and the wetting of the liquid lm that exists at equilibrium between the gas bubble and the resistive layer (see Fig. 1(c)). By exploiting optical microscopy (small eld view ∼ 1 × 1 mm 2 , corresponding to the central part of the wide eld view ∼ 12 × 12 mm 2 ) and grid shadowscopy of the DECLIC-CNES instrument [START_REF] Marcout | Proccedings of the IAC-2006[END_REF], we will show in Section 4 some characteristic video-pictures of the drying mechanism of the inserted liquid lm, monitoring the transparent resistive layer as a local heating source.

The direct observation cell also allows to record the light scattered at small angles and at 90°. In addition, three small thermistors labeled R5, R6 and R7 (THERMOMETRICS B10) are located inside the uid volume. Their positions (visible on the pictures of Figs. 1(a) and(c)) are optimized to measure three local temperatures (not reported here) close to the gas-liquid meniscus. 

IOC

The IOC is located in an arm of a Twyman-Green interferometer of the ALI-Insert of the DECLIC instrument [START_REF] Marcout | Proccedings of the IAC-2006[END_REF]. The IOC uid volume mainly corresponds to a cylindrical volume of D = 10.6 mm inner diameter and e = 6.8 mm inner thickness. In a similar manner with the previous DOC case, a schematic design (not to scale) of this cell is given in Fig. 2(b). The expected conguration of the gas-liquid phase distribution in microgravity conditions is now represented as two symmetric gas bubbles surrounded by the liquid wetting the cell walls, the sapphire windows, and the walls of a massive heater. As illustrated by the interferogram picture given in Fig. 2(c), the experimental phase distribution in microgravity is conform to the expected one in Fig. 2(b). The middle plate (dark) corresponds to a massive uxmeter, which contains both a heating element and a temperature sensor (see below and Fig. 3 for detail).

The main characteristic of IOC design concerns in situ integration of a heating device as a form of massive uxmeter appropriate to interferometry observation of the shape deformation of the vapor liquid interface. The heater part of the uxmeter is made from an assembly of four thermistors (labeled R3), while its central temperature is measured by a fth central thermistor (labeled R2), as shown in Fig. 3(a). These thermistors are inserted within a massive copper block (8 mm length, 4.6 mm height, and 2 mm thickness), thermally isolated from the sapphire windows and the cell body [see Fig. 3(b)]. Comparing the interferograms of the heated twophase SF 6 sample in ALI-DECLIC on Earth [see Fig. 3(c)] and on board the ISS [see Fig. 3(d)] il-lustrates the interest of the weightlessness condition for a better understanding of the boiling phenomena in near-critical experiments.

Two supplementary thermistors (labeled R1 and R4) are directly immersed in the uid volume, respectively close to the central copper block [see Fig. 3(b)] and close to the cell wall (near the piezoresistive pressure sensor -see below). Moreover a piezoresistive sensor (ENTRAN EPB-B02-70B) monitored at high frequency (2 kHz) can be used to measure the pressure inside the uid, while a piezocapacitive sensor (KISTLER 6031), also monitored at high frequency, can be used to measure the relative variations of the pressure.

General set-up

These two experimental cells are housed in a Sample Cell Unit (SCU) whose temperature is monitored by a very accurate thermal regulation of the DECLIC facility, allowing 10 µK of relative temperature accuracy and 40 µK hour -1 of temporal stability, in the range 36 -60 • C. The sensors used for respective monitoring (label SCUr) and measurements (label SCUm) of the SCU temperature are made from high-stabilized platinum resistors (100 Ω resistance at 25 °C).

All the high-resolution and high-speed optical diagnostics are synchronized with in situ temperature and pressure measurements, and adjusted to the selected monitoring rate of the thermal stimuli produced by the two heaters (thin resistive transparent layer or massive uxmeter). In addition, the heating period (from a minimum time of 43 ms) is adjusted (from time increments of 43 ms) in a synchroneous manner to the uid temperature measurements and the digital high resolution (1000 × 1000 pixels) or high speed (up to 462 frame s -1 ) video recording.

Boiling experiments in the two-phase cells were performed during 10 among the 13 experimental sequences of the ALI-DECLIC utilization on board the ISS, from March 2011 to February 2014. That corresponds to 237 (IOC) and 327 (DOC) experimental conditions covering the temperature range 10 K ≥ T c -T ≥ 2.5 mK (IOC) ≥ 0.3 mK(DOC) and the heat power range from 1 mW to 30 mW (IOC) or 0.02 mW to 3 mW (DOC), with the heating period range from 1.13 s to 1800 s (IOC & DOC).

Considering only the characteristic optical conguration for each cell, we have then reported the experimental observations which satisfy the following objectives: 1) To demonstrate the practical eciency of the single bubble spreading due to the vapor recoil force when the boiling process takes place close to the wall of the massive heater in the IOC;

2) To illustrate the specic interest of the optical diagnoses in the detailed analysis of the mechanisms involved if the dryout of the liquid lm on the transparent heater in the DOC. 

s duration) is powered into the massive heater.

The high-quality of the images, combined with the high-symmetry properties of the initial shape of the conned single bubble in the well-designed IOC, gives access to the bubble spreading. Especially considering the median plane of the cell thickness, the superimposed deformation of bubble shape on the fringe pattern clearly demonstrates an increase of the apparent contact angle near the heating wall, which reects the progressive heater dryout underneath the bubble. This latter phenomenon has been studied theoretically using the 2D cylindrical model of the single bubble. One of the most important parameters involved in these theoretical schemes seems to be the heater superheating, which measures the temperature deviation of the heater temperature from the saturation temperature of the two-phase equilibrium far from the heating wall. It was numerically predicted that the apparent contact angle grows with the heater superheating. In the specic limit of small superheating, it was also possible to formulate an analytic expression for the apparent contact angle.

We underline here that the collected data in such IOC near-critical experiments also provide the synchroneous local temperature measurements in the solid heater as well as in the uid, to complement the video recording of the typical interferograms shown in Fig. 4. Therefore, we hope that the future data analyses of the IOC boiling experiments can address the estimation of the precise quantitative contribution of the heater superheating with the objective of testing the theoretical predictions of the apparent contact angle evolution. 4. Dryout process near the layer of the transparent heater in the DOC 4.1. Dryout process of the thin liquid lm oberved at large temperature distance from T c Figures 5(a) to (f) show 6 wide eld video pictures of the DOC at 6 dierent times (t i + 0.5 s, t i + 4 s, t i + 8 s, t i + 9 s,t i + 14 s, & t i + 20 s), during the thermal heat pulse (3 mW power, 33.4 s duration) supplied by the transparent heater powered on at t i = 0 s, at 1 K-temperature distance below T c . This gure illustrates the dryout process of the liquid thin lm separating the conned gas bubble from the tranparent heater. We recall that the initial formation of this liquid lm is due to the complete wetting at equilibrium in microgravity, whose initial extension is underlined by the grid shadowscopy observation and highlighted by a blue line in Fig. 5(a). At the early time of the heating, the lm drying starts from the formation of a non-equilibrium triple contact line limiting the bulk liquid and the lm liquid. Then, during the heat pulse, we observe the progressive drying of the central liquid lm area through the evolution of a non-equilibrium triple contact line between the lm liquid-gas-solid (see blue lines in Figs. 5(b) to (e)). The complete liquid lm drying is obtained after 20 s, as observed in Fig. 5(f).

We note the simultaneous bubble spreading indicated by the (non-equilibrium) bulk liquid-gas-solid contact line highlighted by a red line observed in Fig. 5(b) to (f), clearly larger in size than the initial blue line observed in Fig. 5(a) (see above). This bubble spreading here observed at T c -1 K and already oberved in the IOC at T c -20 mK (see previous section 3), remains also noticeable close to the critical temperature at T c -1.5 mK, as discussed in the next section.

4.2. Initial dryout process of the bulk liquid and motion of the triple contact line observed at small temperature distance from T c Figures 6(a) & (b) give two wide eld video pictures of the DOC at two dierent times (t i + 1 s & t i +29 s) during the thermal heat pulse (1 mW power, 33 s duration) supplied by the transparent heater powered on at t i = 0 s, at 1.5 mK-temperature distance below T c . The low value of the surface tension at such a small temperature distance to T c authorizes a complex 3D-shape of the conned gas bubble at equilibrium saturation, which diers signicantly from the previous one observed at T c -T = 1K where the centered 3D-shape was governed by the concavity of the windows. Indeed, the initial two-phase distribution at T c -T = 1.5 mK shows that the conned gas bubble is now attached on the right part of the uid sample volume due to a probable prominent pinning mechanism of the bubble on the right hole corresponding to the optical axis of the light scattering observation at 90°(see Fig. 1). Such a distribution explains the (left) black curved line corresponding to the image of gas-liquid meniscus at the median position of the cell thickness. During the heating, this quasi-static position of this gas-liquid meniscus cannot be confused with the dynamic motion of the (non-equilibrium) triple contact line of the conned gas bubble close to the transparent heating layer. Indeed, close to the critical point the complete drying of the liquid lm is quasi-instantaneous and only the (non-equilibrium) triple contact line between bulk liquid, gas, and solid is observed as a form of (right) white curved line (see Figs. 6(a) & (b)). Moreover, these two video pictures also show the behavior of the dryout process occuring in the bulk liquid part in direct contact with the transparent heater (in the left side of the moving triple contact line). Figures 6(c) & (d) show two small eld video pic-tures of the DOC where the (non-equilibrium) triple contact line between bulk liquid, gas, and solid is highlighted by a red line. The motion of this contact line at two dierent times (t i + 1 s & t i + 29 s) is clearly evidenced for a similar thermal heat pulse (1 mW power, 33 s duration) supplied by the transparent heater powered on at t i = 0 s. In the left part of the moving triple contact line we also clearly distinguish the behavior of the dryout process of the bulk liquid in contact with the transparent heater.

From the DOC observations, a preliminary analysis of the contact line moving was reported in Fig. 7 as a function of time, at dierent T c -T values and for 3 mW and 1 mW power values. Maximum and minimum speeds were estimated about 110 µm s -1 and 20 µm s -1 , respectively (see the corresponding blue lines in Fig. 7). Finally, we note that the predicted increases of the apparent contact angle can be applied as a subgrid model to future 2D simulation of the bubble growth (with or without gravity). In such a simu- lation, the 90°apparent contact angle can be postulated as a threshold value for the triggering of the boiling crisis. When this value is reached, it should be possible that the bubble coalescence becomes an ecient mechanism to create a continuous vapor lm. Therefore, the preliminary observations of the bubble spreading and the dryout process reported here appear to be a rst encouraging step towards a better understanding of the boiling crisis in microgravity.

Conclusion

Preliminary observations of the boiling phenomena in near critical experiments using ALI-DECLIC on board the ISS show that the expected key mecha-nisms of the boiling crisis have been captured during the heating of the well-designed sample cells lled with SF 6 . The main originalities of these new investigations, especially using an in-situ transparent heating device appropriate for light transmmission observation of the dryout process, is a combination of the ne monitoring of the injected low heat uxes and the ne tuning of the liquid-vapor properties due to the ne control of the temperature distance to the critical point. We expect that the future analyses of the collected experimental data will provide denitive better understanding of the boiling crisis, especially focussing the objectives on the recently suggested zero-value of the CHF and critical behavior of the dry spot distribution in microgravity conditions, which places the boiling crisis in weightless-ness in the context of the critical dynamics of the non-equilibrium systems.
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 1 Figure 1: (a) Picture of direct observation cell (DOC) before integration. (b) Schematic cross section (not to scale) of the expected gas-liquid distribution in microgravity conditions. The transparent resistive layer ( 50 mm 2 area) acts as a at local heating source. (c) High-resolution video picture of the DOC in microgravity conditions at T -Tc = -1 K, observed using wide eld light transmission with grid shadowscopy.

Figure 2 :

 2 Figure 2: Picture of interferometry optical cell (IOC) before integration. (b) Schematic cross section (not to scale) of the IOC dedicated to study the bubble deformation due to boiling phenomena, using a central heater as a massive uxmeter. (c) Interferometry observation of the two-phase SF 6 sample in weightlessness, around 100 mK below Tc; The experimental phase distribution is conform to the expected one in (b); The middle plate (dark) corresponds to a massive uxmeter, which contains both a heating element and a temperature sensor (see text and Fig. 3 for detail).

Figure 3 :

 3 Figure 3: (a) & (b): Details of the massive uxmeter. (a) small thermistors inserted within the central part of a massive copper block of the uxmeter; (b) Isolated uxmeter above the entrance sapphire window before integration in the IOC body. (c) & (d): Interferograms of the heated two-phase SF 6 sample on Earth and in weightlessness; (c) Interferometry observation on Earth of the two-phase SF 6 sample around 100 mK below Tc, 2s after starting a heat pulse (10 mWpower; 10 s duration); The middle plate (dark) corresponds to a massive uxmeter, which contains both a heating element (R3 ) and a temperature sensor (R2) (see text and Fig. 3(a) for detail). R1 and R4 thermistors immersed in the uid are inside the colored circles. Convective ows are visible on the interferogram, while we also note that power supply of a piezoresistive sensor (PZR) is associated to thermal dissipation inside the liquid phase (illustrated by interferogram distorsions in the right part of the uid sample); (d) Interferometry observation in microgravity of the two-phase SF 6 sample at temperature T = Tc -20 mK, 2.8 s. after a 15 mW heat pulse dissipated in R3 switched during 2.8 s; The interferogram shows the bubble spreading near the wall of the IOC massive heater (see text).

Figures 4 show 3

 3 Figures 4 show 3 selected images of the evolution at t i +43 ms, t i +1.4 s, and t i +2.8 s (left to right, respectively), of the one-side interferogram of the IOC at T c -T = 20mK, while a heat pulse (15 mW power,

Figure 4 :

 4 Figure 4: Sidewise observation of the single bubble spreading near the wall of the massive heater in IOC at temperature T = Tc -20 mK. Left to Right: t i + 43 ms, t i + 1.4 s, and t i + 2.8 s. The heater is powered at t i = 0 s with 15 mW dissipated in thermistors switched during 2.8 s duration.

Figure 5 :

 5 Figure5: (a) to (f ): Wide eld video pictures of the DOC at 6 dierent times (t i + 0.5 s, t i + 4 s, t i + 8 s, t i + 9 s,t i + 14 s, & t i + 20 s, respectively) during the thermal heat pulse (3 mW power, 33.4 s duration) supplied by the transparent heater powered on at t i = 0 s, at Tc -T = 1 K. The liquid lm due to the complete wetting at initial equilibrium in microgravity corresponds to the inner area of the highlighted blue line (see video picture (a) and text). During heating, the increase of the liquid lm drying area corresponds to the increasing area in between the (non-equilibrium) bulk liquid-gas-solid contact line, highlighted by a red line, and the lm liquid-gas-solid contact line, highlighted by a blue line (pictures (b) to (e)). Video picture (f ) corresponds to the complete drying of the liquid lm when a spread gas bubble is in complete contact with the heater inside the area limited by the red line (see text).

Figure 6 :

 6 Figure 6: Video pictures the DOC in wide eld ((a) & (b)) and microscopy ((c) & (d)) transmission, during a thermal pulse (1 mW power, 33 s duration) at T = Tc -1.5 mK. Each observation is focused on the transparent resistive heating layer where the (non-equilibrium) triple contact line appears on the right part of the liquid-gas meniscus. The triple contact line is highlighted by a red line in microscopy video pictures (c) and (d). Complete spreading of the gas bubble is noticeable on the right side of the red line. The triple contact line motion is clearly distinguishable by comparison of the two similar pictures just after the pulse start ((a) and (c)) and 29 s later ((b) and (d)).

Figure 7 :

 7 Figure 7: Preliminary results of the contact line moving for a representative set of heat pulses observed in the DOC during the ALI5-Seq7 run. Blue lines: preliminary estimations of the maximum and minimum speeds, respectively.

Bubble spreading near the wall of the massive heater in the IOC
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