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Abstract

In the purpose of the design of SFR reactors the CEA is developing codes, which must be validated from experimental data. Since experiments with sodium are complicated, part of the studies is performed on small scale mock-ups using water thanks to the dimensional analysis. In this purpose, the PLATEAU hydraulic loop has been designed and built to provide hydraulic conditions to those mock-ups. This facility has been operated during five years with numerous models characterizing different parts of the reactor and specific issues. The first mock-up, MICAS, representative of the ASTRID upper plenum at a scale 1/6th, provided numerous results about the thermal hydraulic behavior in the vessel. Comparisons to numerical calculations show that the velocities are in good agreement. Regarding the gas entrainment study, the experimental and numerical results do not correlate. The second mock-up at scale 1, DANAH, aims at studying the flow in a sodium gas exchanger for validating CFD calculation and design optimizations. The velocity, measured by PIV and LDV for different geometries, are in good agreement with the numerical results. It allowed further CFD studies for optimizing the design. The third mock-up dealt with sodium fire in case of a pipe breach. It aimed at studying the droplets induced by a jet for implementing a model in a code. The droplet size were measured using the shadowscopy technic for different configurations of the nozzle. The last mock-up was dedicated to study the cavitation in the pump-diagrid pipes. Fast pressure sensors and accelerator gauges were installed at different locations along the pipe. The measurements showed the occurrence of the cavitation from a threshold. Afterthought are in progress to transpose this result to the sodium case. Since, most of these results were obtained on reduced scale mock-up, investigations are in progress to assess their transposition to higher scales, especially to the reactor one.
INTRODUCTION
Nuclear energy can play an important role to provide sustainable and carbon-free electricity. However, the current Gen II and Gen III reactor types only burn uranium 235, which accounts for a very low part (0.71%) of the raw mineral. The CEA is involved in the development of Gen IV sodium fast neutron reactors (SFR), which intend to use the wide spread uranium 238 isotope (99.28%) in the purpose to close the nuclear fuel cycle.
The CEA has a lot of experience in sodium cooled reactors thanks to the reactors built in France during the 70s and 80s (Phénix and Superphénix) and the experiments carried out in the 90s for the EFR project. During 9 years, from 2011 to 2019, the CEA has been involved in the development of the 4th generation ASTRID prototype. In this framework, experimentations were both needed for studying the new design choices and for validating the code calculations. However, since experimentations with sodium are very complex and water and sodium are close regarding their physical properties, in terms of density and viscosity, most experiments were performed with water. In this framework, the PLATEAU facility built in 2012 [1] aims at providing the experimental conditions, in terms of flow rate and temperature, to the various models dedicated to study the specific issues shown on the FIG. 1. To investigate each ones, 4 mock-ups were commissioned. This article is devoted to present them and sums up their main results and advances.
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[bookmark: _Ref76474927]FIG. 1: Main issues investigated with the PLATEAU facility.

The Plateau loop
This facility has been built in 2014 in the framework of the ASTRID program. It was designed as versatile as possible to accommodate various mock-ups. The circuits without the utility networks are shown on the FIG. 2. The loop enables three injection points (named 1, 2 and 3 on the FIG. 2) in the mock-up at different temperatures and flow-rates. It allows a maximal flow rate of 400 m3/h and a range of temperature from 10 to 60°C. Numerous sensors, mainly temperature and flow meters, permit to control the thermal hydraulic operating conditions in a wide range.
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[bookmark: _Ref73350045]FIG. 2 The PLATEAU loop main circuits (HSC stands for Hot Secondary Circuit, CSC for Cold Secondary Circuit, MCM for Main Circuit Mock-up, TIC for Transitory Injection Circuit)
Thermal hydraulic in the primary circuit (MICAS mock-up)
The first mock-up, MICAS [1], commissioned in 2015, represents the upper plenum of the reactor at a 1/6 scale. It aimed at studying the main different thermal hydraulic issues in the primary circuit of a sodium reactor and at providing data for the code validation.
A top-view of the MICAS mock-up is shown on the FIG. 3. Its dimensions are about 2.5 m in diameter and 1.7 m in height. A scale of 1/6 was chosen to be a compromise between the overall size and the detail of the geometry of the vessel, but some geometrical simplifications were necessary. For example, the hexagonal fuel assemblies in the core were replaced by cylindrical tubes and the flow and temperature distribution pattern was reduced to three zones. Since the Upper Core Structure (UCS) highly influences the flow due to its location just above the core, its geometry in MICAS is very detailed. This component holds the control rods and the instrumentation monitoring the temperature and the velocity at the exit of the fissile assemblies.
Around 90% of the flow ejected from the core impinges the UCS and is deviated downstream along the core surface due to the Coanda effect. The other part flows across the UCS, then to the upper plenum. The water of the upper plenum enters inside the Intermediate Heat Exchangers (IHX) and is pumped back to the core using the P03 pump of the PLATEAU loop.
The experimental conditions are determined in order to observe the dimensionless numbers regarding the phenomena studied. However, as it is not possible to keep all of them, we had to accept some distortions.
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[bookmark: _Ref76735001]FIG. 3 Top view of the MICAS mock-up (P0x stands for the pump pit, UCS, for the Upper core Structure, IHXx, for the Intermediate Heat Exchanger, DHX1, for the decay heat exchanger)

The thermal hydraulic flow is rather complex in the primary circuit so that the codes need validation data. In this purpose, in the MICAS mock-up, the velocity was measured at different locations and for a wide range of operation conditions using the PIV technic [5]. The results were compared with the code calculations. The computations were performed with TrioCFD prior to the experimental campaign in order to avoid any influence on the models chosen [6]. The quantitative comparison are showed on the FIG. 4 for two examples of locations around the core and the IHX. Except some slight differences, the accordance is rather good both in terms on flow direction and magnitude. TrioCFD is able to simulate the water flow in the MICAS mock-up, which is very encouraging to be confident on the calculations for the reactor case.
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[bookmark: _Ref73364076]FIG. 4 Comparison of measured and calculated velocity fields around the core (left) and the IHX (right) [6]

One of the main issues for the SFR is the gas accumulation in the diagrid. If a gas pocket was released into the core, a positive reactivity effect would occur and may lead to safety problems. One of the origins of gas [8]-[9] is due to the vortices created at the free surface in the upper plenum. An argon blanket covers the sodium to avoid any contact with air and limits the temperature of the top of the vessel. At the surface, water flowing at the immerged components walls promotes vorticity and if the local downward velocity is high enough, the free surface is curved downward to create a vortex. Depending on the flow conditions, this vortex can be dimple or cone shaped, with the inner gas area called the core and the bottom one, the vortex tip. Gas entrainment may occur at the tip of some vortices by various processes: bubbles may be teared from the gas core tip; the gas core may be sucked into the IHX as shown on the FIG. 5. This process is very difficult to handle in complex structures with CFD code especially because of the multiphase flow aspect. Sakai and al. suggested forecasting the vortex occurrence by implementing the code with a simple criterion based on the local thermal hydraulic conditions and the Burger model [7]. This one, which is an exact solution of the Navier-Stockes equations, gives the velocity components of the liquid phase around a vortex. Using this model, the vortex length can be calculated. By assuming that the gas entrainment occurs when the vortex length is equal to the distance between the free surface and the IHX inlet, we are able to calculate a theoretical value of the criterion for which gas entrainment occurs. Calculations show it only depends on the local circulation and downward velocity. However, this criterion includes an experimental factor, which is geometry dependent. It has been calculated by measuring the velocity components by PIV around the vortex by assuming that they follow the Burger model. The comparisons show that this experimental factor in the case of the MICAS mock-up is far lower than the theoretical value and the one determined by Sakai [7]. It means that the vortex may occur in larger ranges of experimental conditions than the ones of the analytical experiments carried out by Sakai [7].
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[bookmark: _Ref73369409]FIG. 5 Front view of vortices in the MICAS mock-up

The flow fluctuations in the upper plenum induce thermal oscillations in the immerged components that lead to thermal fatigue [8] and reactor lifetime decrease. The jet outgoing the core is especially subject to oscillations when it rises to the surface and experiments were carried out on the MICAS mock-up to investigate the range of the operating conditions for which it occurs. As shown on the FIG. 6, the velocity was measured around the core by PIV for different operating conditions and locations around the MICAS mock-up (angles 135 and 315°). From those results, the angle of the jet regarding the horizontal was calculated by two technics. In the first one, the jet core is extracted from the global flow by applying a longpass filter based on the maximum value reported in the measurement field ( the  parameter being determined empirically). The jet path is determined along the horizontal axis from the spatial average of the vertical coordinates of the jet core. In the second technic, we assume that the maximum velocity defines the centreline of the jet. For a given abscissa, the path of the jet is determined by searching the vertical coordinate for which the velocity magnitude reaches its maximum. For both technics, the angle of the jet is calculated using a linear regression of the jet path. From those calculations, the threshold operating conditions for which the jet angle heads downward was determined. The results were set dimensionless regarding the Richardson number, which features the competition between the inertial and buoyancy forces. The graph of the FIG. 7 shows the evolution of the angle of the jet versus a normalized Richardson number and the locations around the mock-up (angles 135 and 315°). Ri’=1 corresponds to the nominal operating conditions. On the FIG. 7, the transition to a rising jet can clearly be identified for a value between Ri’=13 and 27. Further investigations are in progress to study the possibility of transposition of this result to higher scales. Same experiments are being investigating at two lower scales. If the results show no dependence of the Ri number, this will validate the possibility of the transposition to the reactor scale.
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[bookmark: _Ref73693623]FIG. 6 Jet at the core outlet for the R’=1 (nominal operating conditions) and Ri’=27 normalized Richardson – The dark curve in the jet stands for the vertical coordinate average of the jet – The line is a linear regression of this curve.



[bookmark: _Ref76478396]FIG. 7: Angle between the horizontal plane and the jet (calculated with the two technics). The dots on the lines stands for the positons “135°” and the “315°” labeled dots stands for the position “315°”.
Flow in a sodium gas exchanger (DANAH mock-up)
In order to use a Brayton conversion system in a SFR reactor, a multi-channel compact sodium-gas heat exchanger (SGE) was developed in the framework of the ASTRID reactor. Sodium enters the exchanger from the top in a header to be distributed in channels with a 3 x 6 mm2 cross section, while gas enters from the bottom to be heated in a counter flow manner [10]. One issue of the original design of this SGE was the maldistribution of the sodium in the channels; the flow rate was higher in certain parts of the system. It induces a decrease of the global efficiency of the exchanger. In order to optimize the geometry of the header for avoiding this maldistribution, CFD calculations have been performed. However, they needed to be validated with experimental results, which was the aim of the DANAH mock-up (see FIG. 8). It replicated at scale 1 the inlet header and half height of the channels bundle. It was built with a transparent polymer for optical measurements. The experiments were carried out using water as a simulant fluid on the PLATEAU loop.
The CFD calculations of the flow in the DANAH mock-up were performed using the ANSYS FLUENT solver. The boundary conditions are shown on the FIG. 8. Only half of the mock-up is considered in the whole numerical simulation since it exhibits a symmetry. A specific model of the porous source terms allows setting the desired pressure drop value (50000 Pa for DANAH experiment) in a very short channel length. The fluid domain was meshed with 35 000 cells and the k- turbulence model was applied.
In the DANAH mock-up, the flow pattern was investigated with both the PIV and LDV technics in the header and at the channels exit. As shown on the FIG. 9, the good agreement between the experimental and numerical velocity fields confirms us in the models chosen in code [11]. The difference noticed at the inlet is a measurement artefact due to the flange connected to the feeding pipe. On the FIG. 9, the velocity profiles over the dashed line on the images of velocity fields show a quite good agreement, which validates our numerical calculations. Further calculations were performed by optimizing the geometry of the SGE in order to minimize the maldistribution. This one was assessed by calculating the standard deviation of the mass flow rate in the exit of the channels. With respect to the original design of the SGE, the maldistribution decreased from 25 to 2%.

	[image: ]Pressure outlet
(0 Pa)
Porous media 
(30 mm  DP=5000 Pa)
Non slipping walls
Mass flow inlet (25 kg/s)
Symmetry


	[image: ]



[bookmark: _Ref74908517]FIG. 8: The DANAH mock-up
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FIG. 9 Comparison of measured and calculated velocity at the inlet header

Jet break-up during a breach (JET-SER mock-up)
In SFR reactor, the chemical reactivity of sodium has to be assessed regarding the safety analyses. In case of a sodium leakage during a breach, the sodium jet may burn in contact with air in respect of the flow behaviour. The intensity of the fire depends on different parameters, mainly on the degree of fragmentation, which impacts on the surface of contact with air. As studying the fragmentation of a sodium is a tough task, preliminary experiments were performed with a water. Water and sodium behave differently regarding the fragmentation because their surface tension and their viscosity differ from each other. However, the main purpose of this study is to validate the fragmentation models which can be achieved with a simulant fluid. The JET-SER mock-up was designed and built to study the droplet size in the case of a water jet on the PLATEAU loop. 
The JET-SER mock-up, shown on the FIG. 10, is a box made up of metal rails covered with transparent hydrophobic windows for visualisation of the jet. A shadowscopy device allows to measure the shape of the jet and the droplets size in the whole mock-up volume, as presented on the FIG. 11. A specific imaging treatment was developed to analyse the break-up and calculate the velocity and size of the droplets. Different operating conditions were experimented to determine the influence of the angle of the jet, the nozzle diameter and the flow rate. As we can notice on the FIG. 11 that the amount and the size of droplets growths along the jet. An increase of the velocity at the nozzle exit enhances the fragmentation by generating smaller and more numerous droplets that leads to higher surface of exchange. As shown on the FIG. 12, in the case of downward jets, the results correlates the model developed by Wu [12] with a slight adjustment of some parameters. However, for horizontal and upward jets when the gravity forces are no longer in the same direction of the jet, the Wu model is only valid near the nozzle exit, some discrepancies occurring in the developed areas of the jet. The gravity seems to influence a smaller fragmentation due to a more important stretching of the droplets. Preliminary calculations were performed with the two phases flow NEPTUNE_CFD code on the JET-SER mock-up geometry. Turbulence, fragmentation, drag and surface tension forces were taken into account using the available models of the code. However a new model to calculate the droplet diameter has been implemented. First results, presented on the FIG. 12, shows a quite good agreement with the experimental results in terms of droplet diameter.
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[bookmark: _Ref75267745]FIG. 10 JET-SER mock-up and shadowscopy measurement device
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[bookmark: _Ref75269037]FIG. 11 Break-up of a horizontal jet



[bookmark: _Ref113526119]FIG. 12: Comparison of the experimental results with the CFD calculations and the Wu model for a downward jet at about 600 mm downstream from the nozzle.
Cavitation in the pump-diagrid pipe
The pump-diagrid pipe allows the transfer of the sodium from the pump outlet to the diagrid inlet. As the ASTRID reactor is an integrated design where all the components are gathered in a single vessel, the space is limited which constrains short curvatures of the pipes. The ASTRID pump-diagrid pipe is ram shaped and cavitation may occur in its elbows. Gas and bubbles are prohibited because of the erosion [13] they could induce on the pipe or the downstream components such as the core. Investigations were carried out to assess the onset of the cavitation on the PLATEAU loop with the setup shown on the FIG. 13.
As previously, the experiment were not performed with sodium but with water as a simulant fluid as they behave in the same manner regarding the cavitation [14]. Fast rate pressure sensors and accelerometers were located along the setup (see FIG. 13) to record the noise induced when the cavitation occurs. Two configurations were tested, with the flow in one leg or with both legs. The results, plotted on the FIG 14, versus the cavitation number show the onset of the cavitation for a value around 7 for the one leg configuration. In the case of two legs, we were not able to reach the cavitation due to the limitation of the PLATEAU pump. The accelerators are better adapted to determine the cavitation compare to the pressure sensor as we can notice on the FIG 14. Further studies need to be performed to transpose those results obtained at a small scale with water to the reactor case.
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[bookmark: _Ref76107757]FIG. 13: Setup for the analysis of the cavitation in the pump-diagrid pipe



[bookmark: _Ref76129765]FIG 14: Normalized standard deviation of the response of an accelerometer and standard deviation of the pressure versus the cavitation number. 

Conclusion
[bookmark: _GoBack]The PLATEAU facility was built in the framework of the ASTRID project to validate the codes and study specific issues. It was designed to accommodate various mock-ups and as versatile as possible. The first commissioned one, MICAS at the scale 1/6 of the hot plenum, aimed at studying the main different thermal hydraulic issues in the primary circuit and at providing data for the code validation. PIV technic enabled to measure the velocity in wide range of operating conditions and areas in the model. Comparisons with code calculations showed quite a good agreement, which is encouraging for the code validation. Gas entrainment was carefully studied because gas accumulation in the diagrid is a safety issue and very difficult to take into account in the current codes. Using a simple model from the literature, the gas entrainment can be forecasted. However, a parameter was tuned to fit the experimental results. It is far lower compared to the theoretical value, which means gas entrainment occurs precociously. The jet outgoing the core is subject to oscillation when it rises to the surface and it may induce thermal fatigue to the immerged components. Velocity measurements were carried out to investigate the range of the operating conditions for which it occurs. As the behavior of the jet is determined by the competition between the inertia and buoyancy forces, the results were expressed using the Richardson number. They showed a threshold value between 13 and 27 for which the jet starts to rise.
The ASTRID design included a sodium gas exchanger in order to allow the use of a Brayton conversion system. This exchanger, made up with tiny multi channels, needed optimizations especially regarding the distribution of the flow to increase its efficiency. In this purpose, CFD calculations were performed but they required validations from the experiments. The DANAH mock-up replicated the exchanger at scale 1 and the velocity was investigated in different locations for various operating conditions. The results correlated the calculations which allowed validating the models chosen in code. CFD studies permitted to improve the exchanger yield by reducing the maldistribution.
In the framework of the sodium fire studies in case of a pipe leakage, the JET-SER mock-up was designed, built and connected to the PLATEAU loop. It aimed at studying the droplet sizes and velocities during a jet break-up using the shadowscopy technic at different operating conditions. The main results showed that the amount of droplets increase along the jet and the velocity at the nozzle outlet enhanced the fragmentation. Comparisons with a model from the literature are in good agreement for the downward jets not influenced by the gravity. The gravity seems to induce a smaller fragmentation.
Cavitation in the ram-shaped pump diagrid pipe was investigated using both accelerometer and pressure sensors. The results highlighted that the cavitation can occur for a cavitation number around 7 and the accelerometer are more sensitive to determine the cavitation onset.
As those experiments were performed with water and in the major cases at small scales, studies are in progress to assess the possibility to extrapolate this results at higher scales and for sodium.
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CFD	1.8548159307033301	4.7484543200577498	4.8931362395254698	5.0378181589931899	5.0378181589931899	5.0378181589931899	5.0378181589931899	5.1162790697674501	6.9767441860465098	11.6279069767441	17.351857082579201	23.267740011926001	29.302325581395301	35.999748925085498	42.325581395348799	49.889213193986699	56.833945328437302	63.199949785017097	69.565954241596799	75.931958698176501	82.297963154756303	88.663967611336005	95.029972067915693	101.395976524495	107.761980981075	114.127985437654	120.49398989423401	126.85999435081401	133.22599880739401	139.592003263973	145.95800772055301	152.324012177133	158.69001663371299	165.05602109029201	171.42202554687199	177.78803000345201	184.15403446003199	191.09876659448199	197.464771051062	214.82660138718799	221.19260584376801	228.71606565609	235.08207011266899	241.448074569249	248.83720930232499	254.41860465116201	258.23117722750499	266.91209239556798	272.12064149640599	274.96280952829198	275.882371402567	277.425645210222	278.48664595298601	279.53488372093	279.64410130872699	280.22282898659802	281.95901202021099	284.18604651162701	285.11627906976702	289.06909491976802	295.26974861124103	301.63575306782099	306.554938329724	-6.1223549845426098E-3	0.64575028409864599	0.29912483780042898	1.80660264195347	1.48737443013665	1.1681462183198199	0.84891800650299798	2.3560828982755799	2.5661400772933698	2.5898252988903199	2.5718988581582498	2.53002093119995	2.3812868669062301	2.2883797568083	2.2423576739665898	2.0967794299195801	2.0489514399039002	2.0340565775382	2.0213602565761999	2.01789780950973	2.0302648605498699	2.05978053453885	2.0747858352634401	2.1161736328323801	2.1536040558746801	2.1791623553370099	2.2047206547993401	2.2118112064706099	2.2162635084574398	2.2273114346553702	2.2119768640089301	2.2058761672580198	2.1694355991360901	2.14486715459413	2.1005118374188898	2.0505868820209399	2.0012482043306599	1.9259670611905	1.8720012089482201	1.5920659040485099	1.49098821865789	1.35465774408789	1.31240325687906	1.20903908842859	1.1155558568942501	1.1159897846181599	1.1539732955964499	1.4378203294747101	1.70091956013142	1.97668214931472	2.3686891874294398	2.8483424577247098	3.4022375252260599	3.9400998937781	4.3662999759020504	4.8271299336370603	5.2721690807769797	5.7830270978823402	6.10963003141456	6.0883084798839997	6.11048073341966	6.2104753632643099	6.2798920072869002	Exp.	7.4418604651162896	10.697674418604599	13.953488372093	17.674418604651098	21.395348837209301	25.581395348837201	28.837209302325501	31.162790697674399	34.651162790697597	38.3720930232558	41.6279069767442	45.116279069767401	48.837209302325498	52.093023255813897	55.348837209302303	58.604651162790603	62.325581395348799	65.581395348837205	68.837209302325505	72.558139534883693	76.744186046511601	79.534883720930196	82.790697674418595	86.976744186046403	89.999999999999901	93.488372093023202	96.744186046511601	100.23255813953401	103.255813953488	106.97674418604601	110	113.95348837209301	117.20930232558101	120.46511627906899	124.186046511627	127.44186046511599	131.16279069767401	134.41860465116201	138.13953488371999	141.39534883720901	144.65116279069699	148.37209302325499	151.62790697674399	154.88372093023199	158.60465116278999	161.86046511627899	165.58139534883699	168.83720930232499	172.325581395348	175.58139534883699	179.06976744185999	182.325581395348	186.046511627906	189.06976744185999	193.023255813953	196.279069767441	199.53488372093	203.255813953488	206.97674418604601	210.23255813953401	213.488372093023	216.744186046511	220.93023255813901	224.18604651162701	226.97674418604601	231.16279069767401	233.95348837209301	237.67441860465101	240.93023255813901	244.18604651162701	247.90697674418601	251.16279069767401	254.41860465116201	258.13953488371999	261.86046511627899	265.11627906976702	268.37209302325499	272.09302325581302	275.81395348837202	278.60465116278999	281.86046511627899	285.58139534883702	289.302325581395	292.55813953488303	295.81395348837202	299.53488372093	302.79069767441803	306.511627906976	2.65947069857843	2.9396072050082398	2.7999186385517598	2.7069134630596401	2.6139082875675101	2.5209392727190498	2.3346034759418699	2.2181662033584102	1.98520125658236	1.96216692657129	1.8691255904355	1.7527787194611999	1.82303885009153	1.66002666847469	1.59030894749926	1.47394399620313	1.4742332813523999	1.52113363617872	1.5213867606843301	1.4750288155129101	1.4753542613058499	1.40560037968675	1.3358826587113199	1.4528261803060001	1.52303206997084	1.5466268899586399	1.5235563993039001	1.5354894117115201	1.54738626347548	1.6176463941058099	1.5712342079688999	1.57154157344	1.5251474676249199	1.50207697697019	1.5723371076005099	1.61923746242683	1.5728795172554	1.64310348724207	1.6667163875516899	1.5969986665762601	1.6905462517232801	1.5975410762311499	1.5744705855764201	1.69134178588378	1.5750129952313101	1.6802223879585001	1.5755554048861999	1.6691029900332199	1.62272696453996	1.71627454968698	1.6465749090333801	1.64682803353899	1.62379370352792	1.6356905552918799	1.5543652677017601	1.53129477704703	1.5315479015526401	1.53183718670192	1.4388320112097901	1.39243790539471	1.53263272086243	1.57953307568874	1.5098876760006299	1.46349357018554	1.34709245824575	1.34741790403869	1.37095848306099	1.32460053788957	1.4881189685176399	1.3484304020611499	1.3020724568897299	1.4422672723574399	1.3725495513820101	1.4428096820123399	1.72298234908581	1.86317716455352	2.60978597419034	3.14651840802766	3.93981060862883	4.8263249485840802	5.36302122177774	5.6898411191719198	5.9933374014057401	5.9002960652699601	6.1337853413790704	6.1340746265283501	6.2276222116753601	5.6914683481365902	Axial distance (mm)


Velocity (m/s)




Experimental	-0.161042342076824	-0.43819137439826999	-0.64170350722074798	-0.87431476569407596	1.2586206896551699	2.0517241379310298	2.3793103448275801	2.8448275862068901	CDF	-0.157902086813622	-0.43557298591502103	-0.64134273473470205	-0.87041698806671497	-0.99850685316737697	1.23632471581654	2.0717068775145	2.4935657204259698	2.9976362113385702	3.1517671681011001	Wu model	-7.1973701777322098E-3	-0.16560852242828999	-0.22290529548079899	-0.35398960827901199	-0.50836336592537401	-0.673404832181415	-0.74912409966856397	-0.78601368831253804	-1.0228635793122201	-1.19855602926243	1.5805761087068299E-2	1.04704732653916	1.2720810647307901	1.72214854111405	2.2015682442179698	2.6712038717483302	2.8668853832193202	2.9647261389548101	3.5224184466471198	3.9235655451626399	Y (m)


Droplet diameter (mm)




Acc. 1 leg	4.1552182911205202	4.2419434315561197	4.3397063171380701	4.61082093229526	4.52488420222726	5.0023652311027904	4.9597910712525799	5.0895831280181296	5.6081600473046196	5.4792549522026199	5.6951808416280603	6.3861239775302998	6.1709864984724501	6.5594757071055501	7.2076475805656797	7.5530698728688197	8.2008475411451602	8.7622942741696992	10.790972701291	11.6975460727308	13.035281363949901	14.200748989849201	17.222627377550001	17.351729575243901	18.9487533261062	26.330738149206599	29.050261160934198	29.136197891002201	2581.0502283105002	2549.08675799086	1622.14611872146	639.26940639269299	607.305936073059	391.55251141552401	343.60730593607201	319.63470319634598	271.68949771689398	223.74429223744301	215.753424657534	191.780821917808	135.84474885844699	135.84474885844699	79.908675799086694	71.9178082191779	47.9452054794519	23.9726027397259	31.9634703196343	23.9726027397259	55.936073059360702	55.936073059360702	31.9634703196343	63.926940639269098	71.9178082191779	15.9817351598171	7.9908675799083504	39.954337899543098	Acc. 2 legs	11.308071351138199	11.394993594165699	11.7833842515029	14.244013008771001	18.776190006898499	26.330245392726901	103.881278538812	55.936073059360702	63.926940639269098	47.9452054794519	63.926940639269098	55.936073059360702	Pressure	4.1917808219178001	4.4383561643835598	4.5205479452054798	4.9726027397260202	5.13698630136986	5.5479452054794498	5.7534246575342403	6.2054794520547896	6.5342465753424603	7.1506849315068397	8.0958904109588996	7.6438356164383503	8.7945205479452007	10.8082191780821	11.671232876712301	13.068493150684899	14.178082191780801	17.383561643835598	19.027397260273901	26.424657534246499	29.136986301369799	18.082191780821901	15.205479452054799	14.337899543379001	11.2328767123287	10.730593607305901	10.2739726027397	8.5388127853881297	8.1735159817351608	6.9863013698630096	6.9863013698630096	6.5296803652967998	5.7077625570776203	4.8858447488584398	5.2054794520547896	3.6073059360730602	4.9315068493150704	3.9269406392694002	3.4703196347031899	2.9680365296803601	2.5114155251141499	1.6438356164383501	sc


std(Q)/std(Q=0)


std(P) (mbar)
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