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ABSTRACT
The dehydration process in thin biopolymer based films, involving the two main macromolecules in food systems, i.e. proteins and polysaccharides, has been investigated.  Experimental measurements of the weight loss of polymer films were carried out in an enclosed Perspex chamber under controlled conditions of temperature, relative humidity and air flow.  We find that all the experimental moisture ratio data for films of pure biopolymers, as well as their mixtures, can be superimposed on a single scaled dehydration curve.  Performing theoretical calculations, it has been shown that this curve cannot be described by a moisture diffusion dominated drying process, irrespective of whether the film shrinkage is included or ignored.  We also derived an analytical expression for the evaporation controlled drying.  When the film shrinkage is fully accounted in the calculations, very good agreement between the experiments and theoretically derived curve is obtained.  However, the theoretical results can be improved even further by considering a model that includes both diffusion and evaporation processes, with diffusion being fast but nonetheless finite, so as to only play a minor secondary role in dehydration of such films.
 Theoretical models have also been extended to describe systems where the film shrinkage can also arise from changes in the partial molar volumes, and not just loss of moisture. Using a variable “effective” partial molar volume for water, the result provides a possible way of modelling the entire drying process over different stages of dehydration, where the solid phase adopts significantly contrasting structure.


1. INTRODUCTION
Thin biopolymer films have many important applications in industry, particularly as adhesives1, paints2, in the food industry as edible coatings3, and the pharmaceutical industry as drug delivery systems.3, 4 The requirement and criteria are often very different for different dehydration applications. It is therefore important to understand the mechanisms involved in the drying process of these biopolymer films. For instance, if a film dries too rapidly, defects such as cracks and bubbles can occur which weaken the films and reduce their performance. On the other hand, if a film dries too slowly, dripping may occur for coating and labelling applications. Temperature, relative humidity and air flow velocity are important external parameters in controlling drying rate. However the diffusion of moisture within the internal film structure is also a major factor in how the film dries. Drying, in some cases, can be split into an initial constant rate period where free moisture from the surface is removed, followed by two falling rate periods whereby diffusion is the main transfer mechanism. However, this only applies to systems which start with a layer of saturated moisture on their surface and the initial moisture loss can be compensated fully by the fast moisture diffusion. Water can be present in different molecular environments depending on its interactions with the surrounding molecules. Initially, most of the water in a polymer network is in free water status (aw = 1) like those in a bulk phase water, surrounded by other water molecules, and can diffuse through the system without significant restriction. This so-called free water is lost during the constant rate and the first falling rate period. Once all the free water has evaporated, the rate of dehydration slows and the second falling rate period becomes apparent. Loosely bound water requires extra energy for either breaking up bonding or internal evaporation. At this stage, diffusion of water could be either in liquid or in vapour or in both. Practically, it is very difficult to differentiate the different mechanisms involved in moisture diffusion. Therefore, an effective, moisture dependant diffusion coefficient is used in the analysis of rate of dehydration. In most dehydration applications, bound water remains untouched in the dried film. Often, and particularly in foods, an initial constant rate period is not observed.5
During dehydration, changes in the structure of the polymer film may occur. The most prevalent of these changes is film shrinkage, which is directly related to moisture loss due to drying.6 As the film dries and moisture is lost, a pressure imbalance between the inside and outside of the film develops. This pressure imbalance results in the build up of mechanical stress within the film, which leads to possible shrinkage, collapse or cracking of the film in order to release the stress.  The increase of stress and its subsequent decrease due to structural relaxation within a drying film has been experimentally measured by the authors.7 The dynamics of stress evolution within the film depends significantly on the internal structure of the film. The cracking of the film is most prevalent in drying of colloidal particulate dispersions, or solutions of film forming polymers below their glass transition temperature, where the structural relaxation times are long.8, 9 The porous structure allows moisture to migrate to the surface through these channels without film shrinkage or loss of volume during the drying process.  Various models of transport, dealing in particular with the presence of porous structures in foods and similarly related biological systems, have been reviewed by Datta.10-12  
Assumptions made in mathematical models to simulate such drying processes must reflect these diverse behaviours in order to provide an accurate and reliable representation of the drying process. During the drying of the biopolymer films used, initially, as moisture is lost from within the film, the film shrinks due to the lack of a stress supporting structure. There comes a point however, at which although moisture continues to be lost there is no further shrinkage and the solid fraction forms a porous structure with a yield stress that can support the stresses developed in the film. No further volume changes occur at this point. In order to be able to model the entire dehydration process encompassing both these different behaviours, it is important to consider the general case where effective molar volumes, if not the true values, of both the solid and the water phases alter during the process. This will be discussed in further detail in the theoretical considerations section.
There are many different methods reported to monitor and investigate aspects of drying. NMR diffusion measurements have been used to investigate microstructure changes in detergents during drying.13 This is a non-invasive technique which provided an insight into the behaviour of individual droplets within detergents. Schmidt-Hansberg et al14 used reflectometry to monitor the drying kinetics of polymer films. A laser beam was shone on the sample and the reflected beam was detected using a silicon photodiode, throughout the drying process, to collect data on the film thickness which was used to create moisture loss vs time curves. The intensity of fluorescence given off by polymers as they dry has also been monitored15, 16 where, as more water is released from a polymer, an increase in intensity of the pyranine based fluorescence is seen.  Results obtained using this method are supported by gravimetric and volumetric data, and type II diffusion models, where Fick’s laws cannot describe the entire process, fit the data well.
The simplest method for monitoring drying kinetics is the gravimetric method. This is a macroscopic method that is the most prevalent of the techniques that are reported in the literature.6, 17-19 It is easily applicable to all shapes and sizes for a wide range of materials. It is a straightforward procedure where the sample is dried under controlled temperature and relative humidity, and the sample is weighed over set time intervals. The method is popular because the weight change with time is easy to measure, and if carried out in situ, does not cause any disturbance to the sample’s drying environment which could potentially lead to inaccuracies in the drying data. The method has also been used in the study of rehydration and ingress of water into polymer coatings, although this is a somewhat different problem to that of dehydration considered here.20
In most cases when thin films are dried, the controlling factor is diffusion of the moisture within the film.21, 22 The rate of evaporation when moisture reaches the surface is assumed rapid enough to be almost instantaneous and therefore does not influence the drying rate of the film. This is reflected in the simplest mathematical models by taking the moisture content at the surface of the film as always being at equilibrium with the moisture in the air above. Furthermore, such models are mostly based on Fick’s second law of diffusion with either a constant diffusion coefficient6, 17, 18, 23, 24, or in some a variable diffusion coefficient that changes with moisture ratio. More sophisticated models attempt to take shrinkage of the drying material into account, by using moving boundary conditions.19, 25 In most cases these simple mathematical models have been found to give a reasonable fit to experimental data, and in the literature many use these as a satisfactory approximation. However, as our work demonstrates a more complex model may be required to give a more reliable representation of the drying process.22 
In this work the process of mass transfer during dehydration of several thin biopolymer films, under controlled temperature and relative humidity conditions, is studied. Experimental results will be compared with several mathematical models based on Fick’s second law of diffusion and incorporating the following different scenarios: i) the dehydration involves both constant and variable diffusion coefficients, as well as film shrinkage; ii) the diffusion is instantaneous and the evaporation rate is the controlling factor; and iii) both diffusion and evaporation have a role in controlling the drying rate. These models are discussed in detail in the theoretical considerations section that follows. The ultimate aim of this work is to establish a mathematical model which adequately describes the dehydration behaviour of thin biopolymer films.
2. EXPERIMENTAL METHOD
The samples investigated in the dehydration experiments were 18 wt% sodium caseinate (purchased from Acros organics) solution, 7 wt% purity starch solution (provided by Henkel), and a mixture of 9 wt% sodium caseinate and 4.5 wt% starch solution. The solutions were prepared by dissolving the powder in distilled water at 90 °C under magnetic stirring for 1.5 h. Sodium azide (0.02 wt%) was added as a preservative, and 10 drops of an anti-foaming agent were added to avoid the formation of bubbles.. All samples were stored at operating temperature and used within three days of preparation.
The dehydration experiments were carried out in a purpose built, wood framed Perspex chamber, with dimensions of 710 mm × 445 mm × 705 mm (length × width × height), designed and made in house. The chamber has an accurate temperature control that allows the chamber to be set at any temperature between room temperature and 50 °C. The relative humidity was controlled reliably by continuous supply of dry air and wet air, bubbled through pure water, into the chamber at a rate of 10L/min. The dry air was obtained by passing controlled air through a drying column (Beko drypoint). The ratio of wet to dry air can be controlled to achieve the desired relative humidity within the chamber. The chamber also has a fan to create a gentle air flow so that air homogeneity can be maintained throughout the entire system. The relative humidity conditions investigated include 20%, 30%, 40% and 50%, with the temperatures set to 30 °C, 40 °C and 50 °C. The chamber houses a beam coating system which consists of a moveable platform with a stainless steel beam (80 mm x 12.6 mm x 0.4 mm) attached. On the left hand side wall of the chamber is a coating gate of 0.4 mm. A small volume of thermally equilibrated sample was first deposited on the beam. The beam is then pulled though the coating gate at a constant speed using a stepper motor to ensure an even coating of film, with a thickness of 0.4 mm and width of 10.6 mm, across the full length of the beam. A diagram of the setup and the details of the procedure can also be found in a previous study where the development of stress within drying films was studied.7 The coated beam is then placed on a balance inside the chamber and the weight loss is monitored in situ at set time intervals for 4 hours. 
3. THEORETICAL CONSIDERATIONS
In this section the drying process for a film, as applied to the biopolymer solutions discussed above, is considered from a theoretical point of view. Within the body of the film, the process of moisture transfer involves diffusion of water.  On the upper surface of the film, i.e. the surface exposed to the surrounding air, the loss of water is due to evaporation.  It is assumed that there is no loss of moisture through the substrate underneath the film and moisture loss through the side surfaces is also negligible.  We shall first highlight some of the issues and complications that can arise in association with each of these two processes, before presenting our mathematical analysis of the drying model.  In the simplest case, one can assume that the volume of the film remains constant throughout the drying process.  This occurs if the solid fraction in the polymer film has formed a porous layer through which the water can migrate to the surface.  Obviously, the yield stress of the porous structure formed in such a case must be sufficient to withstand any capillary stresses induced during the loss of moisture. Under such circumstances the much smaller diffusion of solid fraction can be ignored. Furthermore, since the loss of water from any region in the film is not accompanied by a change in the volume of that region, one may take the partial molar volume of the water phase, on scales larger than the size of pores, as being effectively zero.  When either the internal diffusion or the surface evaporation is the dominant rate limiting process, simple models of drying result.  Analytical solutions for both of these models have been obtained and extensively discussed in the literature.5, 22 Due to their inherent simplicity, and the presence of closed form analytical solutions for each model, these have widely been used in the fitting of the data from many drying experiments under a variety of circumstances.5  In fact, their popularity has been such that they have been considered even in situations where various assumptions inherent in the models, such as the requirement for a constant volume of the sample, have not been strictly valid.  In such cases often an empirical effective diffusion coefficient, that is somewhat different to the real diffusion coefficient of water in the film, is often used in order to partially compensate for the shrinkage and other complications not present in the simple model.26    
Where the changes in the volume of the film during drying are large, as would be the case if there are no stress-supporting structures formed by the solid fraction, the approaches discussed above can no longer be used.  One immediate problem is that of specifying a reference frame against which the diffusion fluxes are measured.  As was originally pointed out by Hartley and Crank27 there are many frames of reference that can be considered.  For example one may specify the diffusion fluxes relative to the substrate side of the sample or to the film-air interface side. For a shrinking film these two frames result in different measured fluxes. Other possibilities have been considered involving mean mass, mean molar or mean volume reference frames.27, 28  So long as partial molar volumes of the components in the film are not composition dependent, then diffusion coefficients measured in one reference frame can easily be related to those obtained in another frame.29 Unless stated otherwise, in what follows it is assumed that the diffusion process and all the related diffusion coefficients are specified in the so called laboratory frame of reference, relative to the substrate.
There are two main factors that can contribute to changes in the volume of the sample.  Firstly, the more obvious one associated with the loss of the moisture. However, provided the partial molar volumes of the components in the polymer solution are constant, independent of the composition of the solution, the problem simplifies greatly. Here the reduction in the volume remains strictly proportional to the amount of water that is lost at any stage throughout the drying process. This makes it simpler to determine the location of the moving air-film interface, knowledge of which is required for an analytical or indeed numerical solution to the drying problem. The second factor influencing changes in the volume of the film arises from the variation of the partial molar volumes of the two components with the mix ratio.  This frequently occurs in problems involving inter-diffusion of two metals or metal oxides to form alloys.30 Variations arising as a result of changes in the partial molar volumes add a substantial degree of complication to the analysis of the diffusion process. Mathematical models of diffusion have been extended to account for these more complex cases in relation to metal couples.31 Of course in such problems, unlike drying, the total mass of the system remains a conserved quantity.  This makes the use of constant mass reference frame a more appropriate choice.28 In the drying problem, this type of variation in the volume makes it that much more difficult to determine the location of the moving upper boundary.  However, since this knowledge is crucial in obtaining a solution to the equations describing the drying process, the use of the constant mass reference frame is not as useful.  A reference frame with respect to the substrate is preferable in this case.  Fortunately in many practical situations involving the drying of food related biopolymer films, including systems studied here, the partial molar volumes remain reasonably constant over a wide range of mixture ratios. Nevertheless, since a theoretical analysis of changes arising from the variation of partial molar volumes has not been fully considered in the context of the drying of the biopolymer films, it is useful to first provide such a general treatment. The more familiar and widely studied cases, involving constant partial molar volumes, emerge then as special limits of this more general model. Before we present such an analysis, let us also first examine the evaporation of water from the upper surface of the film.
The conditions prevalent at the air–film interface determine the rate at which water evaporates from the film. These conditions include the nature of the solid phase, air temperature and flow above the film and the amount of moisture in the film just beneath the interface.  For any given set of conditions there will be an equilibrium value of water content (molar concentration), cweq, in the film that will be in equilibrium with the moisture in the air above.  Over a long period of time the water concentration in the film will approach cweq everywhere in the dried film.  In general the rate of water loss per unit surface area of the film will be a function of (cw(L,t)  cweq), where cw(L,t)  is the concentration of water on the surface at time t and L is the thickness of the film.  The function can be expanded in powers of (cw(L,t) cweq ) and provided the difference between c(L) and  cweq is small, only the linear term needs to be retained.

    					.	(1)
The approximation remains a rather good one, even for relatively large values of           (cw(L,t)  cweq ).  The value of K captures all the temperature dependence and other factors related to the evaporation of the water from the film on the surface, but otherwise is a constant for a given set of conditions. It is known as the drying constant.22 
   3.1. Drying Limited by Evaporation. If the diffusion of moisture is a relatively fast process in the film, then the only important factor in limiting the drying is the evaporation.  This occurs for sufficiently small K, large water diffusion coefficient, D, and in thin films where D/(KL) >> 1.  Under such circumstances the water concentration gradients are small across the film thickness.  One may take the concentration of water as being uniform throughout the film cw(z,t) = cw(L,t) = cw(t), where z is the distance into the film as measured from the substrate.   For cases with no shrinkage this leads to a very simple model that can readily be solved to give an exponential decrease in the concentration of water with time,32 cw(t) = cweq + (cw(0)  cweq )exp(-Kt/L) . Therefore let us consider the more interesting case where the thickness of the film decreases during the drying process.  The basic equation to solve now becomes

       		.	(2)
The rate of shrinkage of the film, dL/dt, can be related to the rate of water loss from the film through the partial molar volume of the water, Vw, at any given time

             						.	(3)
We have indicated the possible dependence of Vw on the molar fraction of water in the mixture,  cw(t) / (cw(t) + cs(t) ) , by writing this as Vw(As the molar concentrations of water and the solid phases, cw(t) and cs(t), change with time, so will the value of  and therefore Vw(  The total amount of solid phase in the film obviously will not alter.  Therefore we also have

  								.  	(4)
There is one further important relation that relates the values of cw(t) and cs(t) to each other, namely

							.	(5)
Provided the variation of Vw and Vs with the water mole fraction  cw(t) / (cw(t) + cs(t) is known, then in principle for any given value of cw the above equation can be solved to yield the corresponding value of cs.  In practice of course the equation is non-linear, requiring a numerical solution or an approximate expression.  Let us assume that for a particular system such an exact or approximate expression has been obtained, where cs = g(cw).  Then, using eqs 3 and 4 to substitute for dL/dt and L in eq 2, we arrive at

  			.	(6)
Whether an analytical solution to the above differential equation can be obtained depends on the actual form of the functions g(cw) and Vw ().  Such a solution can be found for the early stages of the drying process, by linearising the functions around the initial value of cw.  Another special but important case, involves systems for which Vw and Vs are constant.  As mentioned before, many biopolymer solutions behave in this way, at least down to the very last stages of drying.  For these systems it is easier to work with the volume fraction of water  = cwVw. The volume fraction of the solid phase is then 1  = csVs.  With partial molar volumes independent of the composition, function g(cw) = (1 cwVw) / Vs = (1 ) / Vs. Multiplying both sides of eq 6 by Vw we find

						,	(7)
where (0) is the initial volume fraction of the water in the film and eqis its equilibrium value.  The above differential equation can be solved to give an explicit relation between time t and volume fraction of water  in the system as follows:


	   (8)
The results predicted by eq 8 is substantially different to that of the simple model not accounting for the film shrinkage, when eq and (0) are not so small.  However, for small values of these quantities i.e. eq << 1 and (0) << 1, the equation predicts the same exponential behaviour 
(eq) / (0) - eq) = exp(-Kt/L(0) as the one obtained by the simple model.  This is because at small values of eq and (0), the term cw(dL/dt) becomes much smaller that L(dcw/dt) in eq 2, and hence the shrinkage of the film can be safely neglected.  In the next section results obtained from eq (8) will be compared with our experimental data involving drying of casein and starch solution based films.
3.2. General Model for the Drying Film. In this section we will discuss the drying process in which diffusion, evaporation and shrinkage of the film are all significant and none may be ignored.  The diffusion process has to satisfy a number of basic relations, the most obvious of which is the continuity equation for both the solid and the water phase within the film:

									,	(9)
In eq (9) ji is the molar flux of component i, where suffix i=w or i=s, refers to the water or the polymer phases, respectively.  Provided that the local equilibrium is also maintained at each point in the film, the concentrations of the two phases are also related to each other throughout the system.  Once the composition ratio,  is known at a point, then so are the values of cw and cs through equations

						,	(10)
which is eq 5 now applied locally to each point z, and 

					.	(11)
Thus, it suffices to only focus on the diffusion of one component (e.g. water), since diffusion of the other component (solid phase) will simply follow suit.  The relationship between cw and cs is a simple linear one for the cases where partial molar volumes are constant. This leads to the well known situation for which the diffusion coefficient of both components are identical, often referred to as the inter-diffusion coefficient.28, 29 To relate the diffusion of the two components in these more general cases, let us differentiate both sides of eq 10 with respect to z.  We have

							.	(12)
The above equation is obvious when Vw and Vs are composition independent, but it also holds more generally.  This can be seen from the fact that

		.	(13)
That the term in the bracket in the above equation is zero follows from the generalised form of Denham-Gibbs equation, valid for all partial molar quantities.33 It can easily be derived by considering changes in the volume of a uniform mixture of nw moles of water and ns moles of polymer solid phase and the fact that the volume, V, is a function of state. In other words 2V/(nwns) = (Vs/nw)=(Vw/ns).
A very similar argument can be applied to the derivative of eq (10) with respect to time to obtain

							,	(14)
which in combination with the continuity equations, eq (9), may also be written as

 							.	(15)
Equations 9 to 15 apply quite generally to any two phase system, so long as the local equilibrium is maintained at each point throughout the system. They are valid irrespective of the laws that govern the dependence of the diffusion fluxes on concentrations.  However, at this stage a choice has to be made with regards to the relations governing the dependence of diffusion fluxes on gradients of thermodynamic quantities.  Several such laws have been suggested over a number of years of which Fick’s first law, Maxwell-Stefan’s law or Onsager’s flux law are amongst the best known and most widely used.28 In the present discussion it is assumed that the flux relation for the water phase, though not necessary the solid phase, can be described by Fick’s law

								.	(16)  
The symbol Dw() in the above equation denotes the compositional dependent diffusion coefficient of water, as measured in our chosen laboratory reference frame.  It must be stressed that this is a phenomenological relation the validity of which has to be verified experimentally for the particular system of interest.  Indeed, there are many situations, and in particular with regards to diffusion of water in glassy polymer films, where Fick’s law is not always obeyed.34-36 In other situations an equation similar to eq 16 can be developed only by redefining the length scale in a position dependent manner, and by expressing the concentrations in units consistent with this variable.27, 37  Substituting eq 16 into eq 9 for the water phase, leads to the familiar Fick’s second law

        						.	(17)
As the concentration of moisture evolves with time across the film thickness, the concentration of the solid phase, cs, has to follow suit in a manner dictated by eq 10 and 14.  Since the  aim is to eliminate all references to cs in the equations governing the drying process, we will consider the temporal variation of  at each point, instead of cs. This is also useful as, more often than not, the experimental data for partial molar volumes are given as functions of the mole fraction of the constituent components.  To obtain the required equation, we express cw in terms of  using eq 10 and 11; cw =  Vs + Vw ].  Differentiating both sides of this equation with respect to time and rearranging we obtain


   .(18) 
Equation 18 is particularly convenient for use in a finite difference or other similar numerical schemes26, 38, since (cw/t) is determined at each time step using eq 17.  By updating the value of  throughout the system the values of Vw and Vs can be refreshed at each point too.
Equations 17 and 18 have to be solved by imposing the appropriate boundary conditions to the film.  At the bottom surface, in contact with the substrate, these are jw(0,t)= js(0,t)= 0, leading to

 								.	(19)
At the upper surface, where the evaporation of water takes place, one has

						.	(20a)
for the water phase.  The corresponding equation for the solid phase reads as follows: 

								.	(20b)
The rate of change of the film thickness is denoted by dL/dt. These conditions follow directly from eq 1 for the evaporation and the continuity equations for each phase at the air–film interface.
Multiplying eq (20a) by Vw and eq (20b) by Vs and adding the two together one obtains the rate of shrinkage of the film given by

					.	(21)
The flux (Vw jw + Vs js ) in eq (21) above, when not equal to zero, indicates the presence of the so called Darken velocity39, 40 and the related Kirkendall effect41, 42 rather well known in the field of metallurgy.  This effect manifests itself as a movement of marker non-diffusing entities relative to the substrate.  From a theoretical view, the effect has been analysed in great detail in many different studies and has been the subject of several excellent reviews in the literature.37, 43  It suffices here to mention that for a system where the local equilibrium conditions are achieved quickly, and thus eq 10 prevails throughout the film, it can only occur if the partial molar volumes change with the mixture ratio.  Conversely, the presence of the effect in a two component system where partial molar volumes are constant indicates that the two constituent components are not in local equilibrium with each other, at least in some regions in the system.     
The reference to the solid phase can once again be removed from the above equation by expressing js in terms of jw.  To do so we integrate eq 15 from 0 to a given height z into the film to obtain

			.	(22)
With eq 22 substituted in 21, we finally obtain the required equation describing the shrinkage of the film purely in terms of the concentration and diffusion fluxes for the water phase:

	.	(23)
Equations 16-18, together with the boundary conditions 19 and 20 and eq 23 for the rate of shrinkage of the biopolymer film completely describe the diffusion–evaporation process.  Furthermore, they do so in a way that is fully consistent with the presence of local equilibrium, as imposed by eq 10 at each point.  Using these equations, a numerical scheme can easily be implemented now to simulate the drying process.  In such a scheme, it will be even more convenient if the integral term in the above equation could be reduced to a form which only involves local quantities at the air–film interface.  We have not been able to obtain such an expression for the integral.  The presence of this integral term in eq 23 reflects the fact that the shrinkage of the film depends on the changes in the mix ratio and thus those in the values of the partial molar volumes, occurring not only on the surface but throughout the whole of the film, all the way down to the substrate.  Of course, when the partial molar volumes are constants, then no such considerations will arise and this non-local term should disappear.  This is clearly the case in eq 23. We shall discuss the special case involving constant partial molar volumes next and show how the equations derived above take on their more familiar forms in such a circumstance.
3.3. Systems Involving Constant Partial Molar Volumes.  When the partial molar volumes of the constituent components are not dependent on the composition ratio, the equations describing the drying process simplify significantly.  In many biopolymers solutions this condition is satisfied quite well over a large range of composition mix ratios.  It is only at the very last stages of the drying, where major changes in the structure of the film may occur, that the assumption begins to be violated.  As we had done in the analysis of the case involving the drying process limited by evaporation, once again it is easier to work with the volume fraction of water, = Vwcw.  Thus, multiplying both sides of eq 17 by Vw the moisture diffusion equation becomes

      							.	(24)       
We now assume that the variation of the compositional dependent diffusion coefficient is provided in terms of  rather than .  It is also immediately apparent that the diffusion equation for the evolution of the volume fraction of the solid phase (1) is identical to eq 24, implying the expected result, Dw() = Ds().  So long as the diffusion coefficients are given as a function of , eq 18 is redundant and need not be considered further.  The fact that the partial molar volumes are constant implies that the volume is now a conserved quantity in the problem.  That is to say that the volume of the remaining film and that of the evaporated water together always equal the initial volume of the film.  This requires

								.	(25)
The above equation also results directly from eq 23 when Vw and Vs are constant, whereupon the integral term in the equation vanishes.  Finally, the boundary condition 19 at the substrate side remains the same, while eq 20a at the air–film interface, z = L, can now be written as

 						.	(26)
The presence of a moving boundary condition in the problem is not desirable.  It can be difficult to implement in a simple finite difference type numerical scheme and may require redefinition of the grid as the film shrinks relative to the grid size.  This can be a source of numerical errors in the solution.  One possible way to avoid such a problem would be to use a set of coordinate system, y, where the length scale is continuously redefined by the thickness of the film at time t:    

    									.	(27)
In the new coordinate systems the air–water interface is always at y = 1. We also define  

 									,	(28)
such that

								.	(29)
In terms of our new length scale, the diffusion coefficient becomes D* = Dw/(L(t))2, while the diffusion equation, eq 24, now turns into a diffusion-convection equation (see appendix A):

						.	(30)
Numerically it is much more convenient to implement a solution to eq 30, which now has to be solved with a fixed boundary condition

						,	(31)
at y = 1, rather than the moving boundary condition for eq 24.  We have implemented a simple finite difference scheme to solve eq 30 in conjunction with eq 25.  The solutions thus obtained will once again be compared to our experimental results once they are discussed in the next section.
											
4. RESULTS
4.1. The kinetics of Biopolymer Dehydration. The three biopolymer systems chosen for this investigation were done so for their very contrasting structures and properties. Casein and starch are both commonly used in industry in the formulation of edible films, though the films they form have vast differences. Casein forms a strong homogeneous protein network whereas starch, being a polysaccharide, has a more granular, brittle film structure prone to cracks and faults. A mixed system of casein and starch was also investigated to see if the addition of casein could help the film formation in polysaccharide based systems. The concentrations used were chosen so as to give similar viscosity and flow behaviour for all solutions. 
Figure 1a-c show how the drying behaviour of sodium caseinate, starch, and sodium caseinate-starch mixed films respectively, changes under different conditions. The moisture ratio, Γ, defined as (L(t)(t) – L()eq)/(L(0)(0) – L()eq), was plotted against time. The quantities t, eq, and 0 are the moisture content at time t, final equilibrium moisture content, and initial moisture content respectively, with L being the film thickness. In all cases, one can see that as temperature increases, the rate of drying also increases, as indicated by the more rapidly falling curves. This is because of two things. At higher temperatures, the water molecules within the film have more kinetic energy33, and thus can diffuse more quickly to the surface, where moisture loss occurs, resulting in a faster rate of moisture loss than that at lower temperatures. Secondly, an increase in temperature will also result in faster evaporation from the surface of the film. However, the effect of increasing the temperature is noticeably greater for the sodium caseinate system as compared to the starch and mixed systems. In particular, one should note that a temperature increase from 40 °C to 50 °C in the mixed system only results in a very small increase in drying rate, a behaviour that is different to both sodium caseinate and starch based systems. This suggests that the two components may have some sort of synergic interactions leading to networks that have a larger water holding capability.

Figure 1 – Plots of Γ= (L(t)(t)-L()eq)/(L(0)(0)-L()eq) against time for three systems at RH 30% a) 18 wt% sodium caseinate solution, b) 7 wt% starch solution, and c) 9 wt% sodium caseinate:4.5 wt% starch mixture solution at different temperatures ♦=30°C, ■=40°C, ▲=50°C

As expected, relative humidity also plays a role in the drying behaviour, as seen in Figures 2a-c. As relative humidity of the surrounding air increases, the rate of moisture loss decreases. An increase in relative humidity means that the surrounding air is more saturated and so the moisture gradient between the surface of the film and its surroundings is smaller, thus limiting the rate of moisture loss. However, below 30%, relative humidity has little effect on the drying of starch films, with the moisture ratio vs time curves at 20% and 30% relative humidity being almost identical to each other. At 40% relative humidity however, a slightly slower decline rate in moisture ratio is observed. This result suggests that for starch films, external relative humidity of the surrounding air plays a lesser role than the temperature dependence of the drying process. Conversely, changing the relative humidity conditions has more of an impact on the drying curves for the mixed system as compared to temperature.
 
Figure 2 - Plots of Γ against time for three systems at 30 °C a) 18 wt% sodium caseinate system, b) 7 wt% starch system, and c) 9 wt% sodium caseinate:4.5 wt% starch mixture system at different relative humidities ♦=20% RH, ■=30% RH, ▲=40% RH

It is constructive to examine the data in graphs of Figures 1 and 2 to see if a constant rate period and two distinct falling rate periods, often reported in the literature on drying of foods, can be identified here.  This has been done in the graphs of Figures 3 and 4.  Figures 3a-3c display the time variation of the drying rate for the three systems, at three different temperatures. The drying rate is calculated as (Wn – Wn+1)/W(tn+1 – tn), where Wn is the weight of the film at the nth reading. i.e. the difference between two consecutive weight measurements, divided by the final weight and the time interval between the two. Data of this type, involving finite differences, are normally quite noisy and the results presented in Figure 3 are no exception in this respect. The graphs in Figures 4a-4c show the same data but now obtained at different values of air humidity. No clear constant rate period is evident in any of the cases presented here. In general for all graphs shown in Figures 3 and 4, the drying rate is fastest at the start of drying, dropping rapidly to a lower value later on as the process progresses further. This phenomenon was observed for all three systems and may suggest that the surface of the films are drying quicker than the bulk, thus resulting in the decrease in drying rate observed in Figures 3 and 4.  Also it is evident that in all cases there appears to be no obvious transition between two distinct falling rate periods. These different drying regimes are assumed to be associated with different mechanisms of movement of moisture to the surrounding air.11, 12 In the constant drying period there is sufficient free water on the surface. The rate of drying is fixed in accord with eq 1, with the surface moisture concentration remaining constant at that for free water.  Typically, during the falling rate period moisture is migrating through the bulk of the film to the surface, and the drying rate is decreasing with time. In the first failing rate this is in the form of liquid water.  The second falling rate would occur when the surface is almost completely dry and dehydration involves evaporation of the partially bound water molecules and transport of the water vapour within the interior pores to the surface.  However our systems do not exhibit any clear trends towards this behaviour.  Therefore, if diffusion is the controlling factor in the dehydration process, it seems more appropriate to interpret the drying rate curves in terms of a changing diffusion coefficient, D, for water molecules, varying smoothly with the amount of moisture present at any point in the film. The continuously falling nature of the drying rate becomes even more pronounced as temperature decreases (Figure 3) and relative humidity increases (Figure 4). Again, as highlighted in Figure 2b, the effect of relative humidity on the starch system is minimal.

Figure 3 - Drying rate vs. time graphs at 30% RH for a) 18 wt% sodium caseinate solution, b) 7 wt% starch solution, and c) 9 wt% sodium caseinate:4.5 wt% starch mixture solution at different temperatures ♦=30°C, ■=40°C, ▲=50°C


Figure 4 - Drying rate vs. time graphs at 30 °C for a) 18 wt% sodium caseinate solution, b) 7 wt% starch solution, and c) 9 wt% sodium caseinate:4.5 wt% starch mixture solution at different relative humidity values ♦=30% RH, ■=40% RH, ▲=50% RH

4.2 Comparison of Theoretical and Experimental Data for Biopolymer Film Dehydration Process. Mathematical models were constructed as described in the theoretical considerations section. Figure 5 shows three different curves simulating the dehydration process based on Fick’s second law of diffusion, as described by eq 17.  In all these cases, it is assumed that the diffusion process is the limiting factor in determining the drying rate, with evaporation being rapid enough to maintain the surface moisture at equilibrium with the air above.  The systems chosen are a) one with a constant diffusion coefficient and constant volume, b) with a constant diffusion coefficient, but involving film shrinkage as described in section 3.3, and c) a system with both a variable moisture dependent diffusion coefficient and film shrinkage.  The diffusion coefficient for the two constant D cases was chosen to be  8.5 ×10–11 m2.s–1 , typical of that in solid food systems,5 such as vegetables.  For the system with moisture dependent diffusion, the model proposed by Maroulis et al44 is used.  This model itself is based on the analysis of a large number of reported experimental data in the literature.  We chose D = 1.72×10–10 ×10–11m2s–1, with the value of the diffusion coefficient half way through the drying process being roughly the same as that for the two constant D systems. In all three systems the initial moisture volume fraction was (0) = 0.875, while the final equilibrium value eq = 0.02. The initial thickness of the film was 4×10–4m. The data are presented as the reduced moisture ratio = ((t)L(t)  eqL())/((0)L(0)  eqL()) =  (L(t)  L())/(L(0)  L()), plotted against the reduced time t/, where the time scale  = 4L(0)2/(2D).  Plotted in this way, the results for all systems with constant volumes and a constant diffusion coefficient lie on a single master curve,39 irrespective of the values of L(0), D, (0) and eq.  For systems where there is a variation in diffusion coefficient or film shrinkage, the initial values of D and L were used to calculate .  Of course, in these latter cases the same universal scaling is not to be expected. 
 
Figure 5 – Numerically calculated drying curves, showing = (L(t)  L()) / (L(0)  L()) plotted against scaled time (2Dt/(4L(0)2), for diffusion limited dehydration.  The graphs are for a) a system with constant D and L (dotted line), b) constant D and film shrinkage (solid line), c) with a moisture dependent water diffusion coefficient and shrinkage (dashed line).  The inset shows the magnified graphs for the initial stages of drying.

While all three curves in Figure 5 follow similar trends, it is noticeable from the inset in the figure that the graphs deviate from each other very early on.  In particular, the drying curve for the system with a constant D but film shrinkage (solid line) falls much more rapidly than the one that doesn’t involve a change in the film thickness (dotted line).   This also means that our assumption regarding the diffusion being the limiting factor at the start of the film drying, might not apply throughout the whole process.  As the film shrinks, the evaporation becomes increasingly the slower of the two processes, and hence the more dominant factor in controlling the loss of moisture.  However, the effect can to some extent be compensated by the decrease in the water diffusion coefficient, as the moisture content of the film decreases.  This is demonstrated by the dashed line of Figure 5, showing a faster drying than the one with a constant D and L, but slower than the system with constant D and variable L.  It could well be then that in some practical cases, the effects of a reduction in D and a decrease in the film thickness largely cancel each other out. This allows the familiar analytical equation39 for the standard case to be fitted to the dehydration of such materials.   
In Figure 6 we have attempted to scale all of our experimental drying data, obtained for different systems at various temperatures and humidity conditions, on to a single master curve.  This is done by plotting moisture ratio  against the scaled time t/ for each system, where is an adjustable parameter chosen for each set of data to provide the best possible scaling. The data for different sets of systems, presented in Figures 1 and 2, all show a remarkably good level of scaling when plotted in this way.  The only possible small discrepancy between the results arises towards the very last stages of the drying process, where we expect very contrasting behaviour for starch and casein based films.  To us the good scaling of the data suggests that the drying process is either predominantly controlled by evaporation, where the time scale =L/K, or else largely dominated by moisture diffusion, with = 4L2 / (2D).  If both factors were equally significant in the drying of our films, such scaling as that in Figure 6 would not be possible. One of the two processes is too fast relative to the other and therefore at best, only causes a small perturbation to the results otherwise obtained by its omission.    

Figure 6 – Experimental data of Figures 1 and 2, scaled on a single master curve.  The solid line shows the best fit to the results using a numerically calculated diffusion dominated dehydration curve, with film shrinkage and a constant moisture diffusion coefficient.

The time dependence of scaled experimental results indicates that moisture diffusion is unlikely to be the controlling factor. We have attempted to fit the scaled data in Figure 6 using numerically generated drying curves, obtained for systems where the evaporation is rapid and diffusion the controlling mechanism.  Irrespective of whether the film shrinkage was taken into account or not, and the use of constant or moisture dependent diffusion coefficients, none of the results provided a good fit to the experimental data. The solid line in Figure 6 shows one such attempt, calculated for a system with constant D but decreasing thickness.  The essential point is that for all of the diffusion limited drying curves the initial moisture loss follows a relation of the form (1 ~ .  In contrast, the experimental results are better described by (1 ~ t.  The poor fit to the experimental data, even in the best case, confirms that diffusion is not the limiting factor in the dehydration of these polymer films.

Following the above findings, the evaporation controlled case was considered. The simple exponential curve, obtained when the film shrinkage is neglected, results in a better fit to the experimental data at short times; .  However, as clearly seen in Figure 7 (dashed line), the predictions grossly overestimate the remaining moisture content at longer times. With changes in the film thickness included in the analysis, the dehydration curve is described by eq 8.  This equation does not admit a simple scaling relation between  and scaled time t/.  Nevertheless if one considers a system where eq << (0), as is the case here, then (t)L(t) >> eq L() for a considerable portion of the dehydration process.  We can write (1eq)  1, L()  (1-(0)L(0) and   (t)L(t)/((0)L(0)).  With these approximations, eq 8, expressed in terms of  now reads

					.	(32)

For the initial stages of dehydration, where we have (1) << 1, the above equation gives an identical result to the exponential curve, i.e. .  At longer times, the shape of the curve is dependent on the initial moisture content.  However, it turns out that all the systems we have studied here have a very similar initial moisture volume fraction.  The caseinate based systems have a solid weight fraction of 18%.  To convert this to a volume fraction value one needs the density of the caseinate in the solution.  We obtained this by measuring the volume of a series of solutions, prepared with the same amount of water but different masses of added sodium caseinate.  The density of sodium caseinate was found to be 1.53 gcm-3, in good agreement with reported values in the literature for relatively short protein chains.45 Using this value, the initial water volume fraction can be determined to be 0.875 for our caseinate solutions.  A similar procedure for starch based systems gives the starch density as 1.35 gcm-3 and the initial water volume fraction as 0.9 for our solutions. 


Figure 7 – Comparison of the theoretically predicted drying curves for evaporation controlled dehydration with the experimental data.  The solid line is for a model that includes the film shrinkage, while the dashed line represents the results for a model without shrinkage. 

We have calculated (t), L(t) = (1-(0))L(0)/(1(t)) and hence , using eq 8 with an initial water volume fraction(0) = 0.875 and a small final moisture volume fraction of 0.02.  It is worth stressing that once the initial volume fraction of water is specified, the shape of the dehydration curve,  vs. t/, is entirely determined.  There are no adjustable free parameters. The solid line in Figure 7 displays our theoretically determined dehydration results, with = L(0)/K.  The model gives a curve that fits the experimental data very well, indicating the important roles of evaporation and film shrinkage on one hand, and the relative insignificance of diffusion on the other.  Nevertheless, even further modest improvement in describing the experimental data is possible if one does not entirely neglect the diffusion process.  In Figure 8, we show the result of our numerical calculations, based on eqs 30 and 31, together with the experimental scaled master curve.  The diffusion coefficient was chosen to be large but finite.  The best fit was obtained when D/(KL(0))  5.5. The excellent correspondence between the experimental and theoretical results is evident. Analysing the data using our model then, we find the evaporation constant K to lie between 1.2×10–7 ms-1, for casein at lower temperatures and large air humidity, to 3.6×10–7 ms-1 at higher temperatures, 40 °C, and low air humidity.  With a film thickness of 0.4 mm, used in all our experiments, our best estimate for D is 5×10–10 m2s-1 for the diffusion of water in our biopolymer based films.

[image: ]
Figure 8 – The experimental data, all scaled onto to a single curve, compared with numerical predictions from a model combining evaporation with fast but finite diffusion, as well as film shrinkage.  The inset shows the later stages of the drying process in more detail, with the gray line from fig. 7 also included for comparison.   

5. CONCLUSIONS
In this work we have compared the dehydration in thin biopolymer films consisting of solutions of casein and starch, as well as those comprising of a mixture of the two. The two biopolymers chosen typify the two wide classes of macromolecules encountered in food systems, namely protein and polysaccharides.  It is found that our dehydration curves as expressed by the moisture ratio plotted against time, studied under a range of air humidity and temperature conditions, can all be superimposed onto a single master curve, by a simple scaling of time for each system.  We have shown that moisture diffusion dominated drying, whether involving a constant or a variable water diffusion coefficient, with or without film shrinkage, cannot accurately describe experimental dehydration curves obtained in this work. An analytical expression is derived for the moisture content in a film as a function of time, for a drying process in which the evaporation dominates and in which the film thickness decreases with the loss of moisture.  This expression provides an accurate description of the experimentally obtained master curve, highlighting the crucial importance of accounting for the film shrinkage in theoretical calculations describing the dehydration process of such biopolymer films.  The good correspondence between the experimental and the theoretical results also indicates the much more dominant role played by surface evaporation as compared to bulk diffusion.  This to some extent is expected for thin films.
Situations where both evaporation and diffusion are equally important have also been considered. We have derived a generalised scheme for numerically solving such cases.  Unlike most previous calculations, our scheme allows for the changes in the film thickness occurring as a result of the variation of local partial molar volumes with the evolving composition, as the drying progresses. This is in addition to the more usual shrinkage due to the loss of moisture. Under most circumstances the partial molar volume of water in systems of mixed water + biopolymer can be considered as almost constant.  However, our main motivation for considering such a generalised situation has been to derive a set of equations applicable to the drying, even when the structure of the solid phase changes appreciably during the dehydration process.  A particular example is when the solid phase in an initially fluid biopolymer solution begins to develop a stress supporting porous structure.  In such a system the loss of water will no longer lead to the shrinkage of the film.  This can be modelled by taking the effective partial molar volume as a composition dependent variable which approaches zero once a solid structure with a sufficient yield stress is formed.  We intend to use this model in future to investigate dehydration in thin films where such changes in the structure of the biopolymer solutions are prevalent. 
Application of the above model to the simpler case with constant partial molar volumes, under the condition where evaporation was the main limiting mechanism for the loss of water was studied.  In these models the diffusion coefficient, D, was large but still finite, resulting in a slight perturbation to our analytical expression obtained by assuming D to be infinite. We found that in this case, the theoretical predictions of the model were in excellent agreement with the experimental data for the dehydration of our biopolymer films.       
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APPENDIX A
We wish to express the diffusion equation, eq 24, in terms of a new set of variables yand  as defined by eqs 27 and 28. This constitutes a continuous redefinition of the length scale, such that the unit of length is always the thickness of the film, L(t), at any given time t.
  We note that L is a function of t only. Therefore the right hand side of eq 24 can simply be written as

							(33)	,	
with D* = Dw/L2.  As for the left hand side of eq 24, we have

		(34)	,	
where the subscript following each bracket indicates the quantity that is being kept fixed for that differential.  Furthermore,

    							(35)	.	
 Thus upon substituting eq 35 into eq 34 and equating the result with eq 33, we arrive at

   		(36)	.
[bookmark: _GoBack]Multiplying both sides of the above equation by L, and following a slight rearrangement, the required diffusion-convection equation, eq 30 is obtained.  Although eq 30 is seemingly more complicated than the original diffusion equation, it is actually easier to implement numerically since now the condition imposed at the moving boundary z=L(t) becomes one at a fixed point y=1.  This alleviates the need for re-meshing or redefining the grid size, as the film shrinks to a small fraction of its original size during the calculations.  The presence of a convective term in eq 30 arise from the fact that a point at a fixed height z from the substrate, now moves with a velocity  –( y/L )(dL/dt) in the newly defined y coordinate system.  
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30C	0	2	4	6	8	10	12	14	16	18	20	22	24	26	28	30	32	34	36	38	40	44	48	52	56	60	90	120	180	240	1	0.94870900167992533	0.89118015755370361	0.83443634335344552	0.77768982013431454	0.72062693232664199	0.66103705853443273	0.61265288047062261	0.55821211586628838	0.51383300756263151	0.44751447466699051	0.40160459400224324	0.35565918036089816	0.31024010360566773	0.26715613168605135	0.22988707518121049	0.18381041405060841	0.14897387262731573	0.12116340697850655	9.7044593397626985E-2	7.229550656644898E-2	3.3622814264015845E-2	1.3305996807329716E-2	6.0103132005002438E-3	4.8360953316017533E-3	2.9023605263214366E-3	-3.5355256411876291E-4	9.9780603730854358E-4	-3.5655449218961543E-4	0	40C	0	2	4	6	8	10	12	14	16	18	20	22	24	26	28	30	32	34	36	38	40	44	48	52	56	60	90	120	180	240	1	0.91593739804632757	0.83548700086065242	0.76476510612039716	0.68426285557381294	0.61302205816138899	0.53524460023826714	0.47896248252486623	0.40913999447881649	0.34653804080656525	0.29564036870876642	0.24405882274786644	0.19269280961807828	0.15049782917104082	0.10592128475282372	7.0921557859493514E-2	4.5638338861898081E-2	2.5751560029584092E-2	1.3845031894430324E-2	6.9797207225959961E-3	3.889002068229435E-3	5.396440165281219E-3	3.889002068229435E-3	1.7988133884270657E-3	1.3810339966134763E-3	1.7482517482517524E-3	8.7412587412587098E-4	1.1907819855888329E-3	-5.8275058275058687E-4	0	50C	0	2	4	6	8	10	12	14	16	18	20	22	24	26	28	30	32	34	36	38	40	44	48	52	56	60	90	120	180	240	1	0.93768455412550566	0.85502629532987351	0.76369285873861148	0.6927247988105788	0.60687336967317951	0.54238762442275357	0.46272968534234687	0.38413466282535486	0.31293274638186275	0.25621072629608749	0.19263157841051812	0.1334183142385624	9.4468641021817512E-2	5.9398991553657167E-2	3.3522789678863796E-2	2.2396640015108032E-2	1.3906730890584897E-2	8.2421628285872708E-3	6.8167793024398833E-3	5.9234066394404233E-3	5.7352664074870902E-3	6.0791370386816534E-3	4.8347650300063424E-3	3.7791944883771526E-3	2.5348224797018181E-3	3.0072311223978067E-3	1.2392269994720739E-3	-1.7322156789808681E-4	0	Time/min

Γ

30 C	0	2	4	6	8	10	12	14	16	18	20	22	24	26	28	30	32	34	36	38	40	60	90	120	180	240	1	0.96439025038070902	0.90981262763985804	0.86040832949675949	0.81164887086683213	0.76195181263355005	0.72006823198876191	0.67089589899777324	0.6259247618373055	0.58259198923398359	0.53731982859368965	0.49637384755226793	0.45259367142401818	0.41479117233889351	0.36348201532268826	0.3312691090885494	0.30140020186280669	0.26565720508552609	0.23104098051020636	0.19578817981135871	0.16868440934471318	1.7337771954055541E-2	5.2161171512554415E-3	4.4248975929926434E-3	1.7502154383728312E-3	1.6777632184723879E-4	40 C	0	2	4	6	8	10	12	14	16	18	20	22	24	26	28	30	32	34	36	38	40	44	48	52	56	60	90	120	180	240	1	0.9342399668100515	0.85756398152950053	0.78389150356506032	0.7114364686150545	0.63846887013404963	0.56882759061997346	0.50005367743576723	0.43438010538116389	0.37526662700442293	0.32027823078446788	0.25983588831435916	0.20109500798571636	0.16253564079611604	0.11950412761833466	8.8156101084379754E-2	6.1480149966316601E-2	3.9973159397782697E-2	2.7605975183620297E-2	2.1068408201081707E-2	1.4665237773715355E-2	1.369169333803128E-2	1.0961968455087661E-2	1.0923377327577652E-2	7.6107549565726674E-3	7.837821259933252E-3	3.2243676725190237E-3	-8.2058745397073688E-4	1.1396838204052204E-3	0	50 C	0	2	4	6	8	10	12	14	16	18	20	22	24	26	28	30	32	34	36	38	40	44	48	52	56	60	90	120	180	240	1	0.90648380487580249	0.78454652884888376	0.65739024839430282	0.55690259137334341	0.48240252614777934	0.40066338236761256	0.31091204524352284	0.24067466255361869	0.17313838562888959	0.11119232333463792	6.6927185248279175E-2	4.1379866019015166E-2	2.8290629772017468E-2	2.1395903834495883E-2	2.1051551217416E-2	1.8973925121050967E-2	1.6571130397415684E-2	1.8296730280776875E-2	1.7619535440502803E-2	1.6926993408381091E-2	1.5193719929095986E-2	1.5212903918905455E-2	1.3827819854662183E-2	1.4179846067665784E-2	1.0380456885901321E-2	3.8070627776882848E-3	-7.0021562804543057E-4	-1.7332734792851001E-3	0	Time/min

Γ

30C	0	2	4	6	8	10	12	14	16	18	20	22	24	26	28	30	32	34	36	38	40	44	48	52	56	60	90	120	180	240	1	0.94598923948925362	0.88199221566909292	0.83327461444089357	0.77568078750242864	0.72192130257917519	0.67126791604254465	0.61100879003366571	0.55906071645653865	0.51208663029490376	0.45955816303577091	0.40816721741301693	0.35873109191278951	0.31281965826456126	0.26551328297165538	0.22129332787743253	0.17888055321580587	0.14310555022981736	0.11215287030215632	7.6085128203153871E-2	5.2017681128015594E-2	1.6198880595954621E-2	1.7342122129521426E-3	1.6474873655812851E-3	1.9285936147797828E-3	1.1436660571859578E-3	9.7909870278415148E-4	6.8573283020238252E-4	-1.389230341084618E-3	0	40C	0	2	4	6	8	10	12	14	16	18	20	22	24	26	28	30	32	34	36	38	40	44	48	52	56	60	90	120	180	240	1	0.94545545059991865	0.86503257843957715	0.79450446556764709	0.72831102190888664	0.6543175611061115	0.5869209603559985	0.52385958720337455	0.45195461226326	0.38576578963807812	0.32653508144113014	0.26834767147866984	0.21241920053822655	0.15214519835198612	0.11410042670399971	8.0219876204049967E-2	4.2718998340685842E-2	1.9968396179274938E-2	7.2908674301641807E-3	5.382322449162708E-3	7.2933118120260083E-3	3.8211746862604696E-3	4.1666791145146013E-3	2.0795412419894613E-3	1.3945082015068961E-3	1.2202592739982841E-3	2.0849654659983391E-3	1.0413978032935481E-3	3.4767513670387205E-4	0	50C	0	2	4	6	8	10	12	14	16	18	20	22	24	26	28	30	32	34	36	38	40	44	48	52	56	60	90	120	180	240	1	0.91064571568198138	0.79078637175848754	0.67543753677138074	0.571658292006058	0.49947649839537112	0.42900308094686351	0.35800377303372938	0.27470866146031697	0.20917540648159144	0.14879014479221808	0.1016347310211905	5.4873479149347808E-2	3.2588486786874156E-2	1.9022833406364275E-2	1.0086790696277641E-2	8.9360427100866491E-3	8.3606687169910827E-3	7.2099207308000896E-3	6.9222337342523445E-3	6.3468597411567894E-3	5.1783659378596344E-3	4.3064320396632733E-3	3.4433710500200287E-3	2.257131429616695E-3	2.239385612510541E-3	-1.1773667118502511E-3	-1.6995032536273121E-3	-6.0199271875473778E-4	0	Time/min

Γ

20%	0	2	4	6	8	10	12	14	16	18	20	22	24	26	28	30	32	34	36	38	40	44	48	52	56	60	1	0.96186067010204013	0.89856120404580897	0.83970841924682538	0.78065996833368512	0.72082379036120015	0.66160756146284883	0.60817497307054291	0.56093751291964022	0.51598473486013552	0.46220126415836177	0.41229891526606582	0.37155529759500538	0.32781992846228203	0.29142869995468118	0.25439655014636126	0.21831166988534645	0.18608514848661639	0.15859721884029723	0.13639523271671444	0.11418966069430744	8.0977793834857273E-2	5.5284308192802945E-2	3.6552337570533118E-2	2.1528509265076965E-2	1.3534673305779345E-2	30%	0	2	4	6	8	10	12	14	16	18	20	22	24	26	28	30	32	34	36	38	40	60	1	0.96439025038070902	0.90981262763985804	0.86040832949675949	0.81164887086683213	0.76195181263355005	0.72006823198876191	0.67089589899777324	0.6259247618373055	0.58259198923398359	0.53731982859368965	0.49637384755226793	0.45259367142401818	0.41479117233889351	0.36348201532268826	0.3312691090885494	0.30140020186280669	0.26565720508552609	0.23104098051020636	0.19578817981135871	0.16868440934471318	1.7337771954055541E-2	40%	0	2	4	6	8	10	12	14	16	18	20	22	24	26	28	30	32	34	36	38	40	60	1	0.96950944046985477	0.92570973913283761	0.88838932704683149	0.84768785891703979	0.81155882964712422	0.77540334420722856	0.73798443448048634	0.70446616908973403	0.66511474905283097	0.63255986823118981	0.59843881932749954	0.56434422659379757	0.53143870630108769	0.49794458670523667	0.46717582508870281	0.43648141531802143	0.40640740185538332	0.37462122290800781	0.34585127411199884	0.31684870853038538	8.576581466883984E-2	Time/min

Γ

20%	0	2	4	6	8	10	12	14	16	18	20	22	24	26	28	30	32	34	36	38	40	44	48	52	56	60	1	0.96246749550752353	0.89548006245742939	0.82786509494118865	0.76744957801681324	0.70508121429472015	0.64685535646574976	0.59418293600317462	0.53563650918573658	0.48189611975229535	0.42908154521328201	0.378392688194153	0.32867556486603938	0.28738820590397357	0.24324284821819259	0.20636569083723258	0.1665802182492952	0.14176345818717812	0.11805406879105346	0.10137355911798553	8.7624195568260954E-2	6.5488581641961502E-2	5.1237377247729712E-2	3.8639071945039946E-2	2.6640641950028392E-2	1.7505886774011489E-2	30%	0	2	4	6	8	10	12	14	16	18	20	22	24	26	28	30	32	34	36	38	40	44	48	52	56	60	1	0.94598923948925362	0.88199221566909292	0.83327461444089357	0.77568078750242864	0.72192130257917519	0.67126791604254465	0.61100879003366571	0.55906071645653865	0.51208663029490376	0.45955816303577091	0.40816721741301693	0.35873109191278951	0.31281965826456126	0.26551328297165538	0.22129332787743253	0.17888055321580587	0.14310555022981736	0.11215287030215632	7.6085128203153871E-2	5.2017681128015594E-2	1.6198880595954621E-2	1.7342122129521426E-3	1.6474873655812851E-3	1.9285936147797828E-3	1.1436660571859578E-3	40%	0	2	4	6	8	10	12	14	16	18	20	22	24	26	28	30	32	34	36	38	40	44	48	52	56	60	1	0.95240749669160363	0.89988952478214457	0.84463590207221095	0.80257411176798976	0.75821037137940961	0.71180940453852515	0.66330612871531558	0.61722776865835494	0.572027273584788	0.53269743813909987	0.48835356923049095	0.44762711382067888	0.40501538176141338	0.36707712869497183	0.33192722961756643	0.28876990971890532	0.24944711147473825	0.21894712396823493	0.18012490555012839	0.14756293417213531	9.4004490155808029E-2	4.7760434879812255E-2	1.4247036889331348E-2	3.9959387807074571E-3	1.8956808060658918E-3	Time/min

Γ

20% RH	0	2	4	6	8	10	12	14	16	18	20	22	24	26	28	30	32	34	36	38	40	44	48	52	56	60	90	120	180	240	1	0.93087325859648751	0.84688697185219242	0.75151948339942565	0.67749776456215283	0.597469301317056	0.5189226347988436	0.44352144187231946	0.36928538529259758	0.30299244520823981	0.24373443248794105	0.18571074555737013	0.13999426252782599	9.3785188677836764E-2	6.2329597013336874E-2	4.1729980726943332E-2	2.4507596993627274E-2	1.4614355646491791E-2	1.0799613140845252E-2	7.2563903310037328E-3	7.7459522554470398E-3	6.1323681509635733E-3	8.0069259884465397E-3	3.1755080794010652E-3	5.4575413817455343E-3	5.1965676487460005E-3	2.9081567750445011E-3	2.6157590905208426E-3	-1.5456062199552601E-3	0	30% RH	0	2	4	6	8	10	12	14	16	18	20	22	24	26	28	30	32	34	36	38	40	44	48	52	56	60	90	120	180	240	1	0.94870900167992533	0.89118015755370261	0.83443634335344552	0.77768982013431498	0.72062693232664199	0.66103705853443273	0.61265288047062261	0.55821211586628838	0.51383300756263151	0.44751447466699018	0.40160459400224324	0.35565918036089816	0.31024010360566773	0.26715613168605135	0.22988707518121029	0.18381041405060841	0.14897387262731573	0.12116340697850655	9.7044593397626916E-2	7.2295506566448967E-2	3.3622814264015817E-2	1.3305996807329716E-2	6.0103132005002394E-3	4.8360953316017533E-3	2.9023605263214292E-3	-3.5355256411876269E-4	9.9780603730854228E-4	-3.5655449218961521E-4	0	40% RH	0	2	4	6	8	10	12	14	16	18	20	22	24	26	28	30	32	34	36	38	40	44	48	52	56	60	90	120	180	240	1	0.95750107746509339	0.91112106175583618	0.86448525244100805	0.82102744084508961	0.77818745978214832	0.73318729261086812	0.69305290782493256	0.65552101232290372	0.62024679168327757	0.57447114105633956	0.53941515127037343	0.49856052951630331	0.45989988446400382	0.42490378831609982	0.39168437051778793	0.35474316784921961	0.32226466252377561	0.2886806136922403	0.25825601995101927	0.23042052987445227	0.17004005150683996	0.12446593535148975	8.3661083915919726E-2	5.1641625615431619E-2	2.9770569208133701E-2	1.0012426766035821E-2	9.001268049381719E-3	3.4105852803173529E-4	0	Time/min

Γ

0.12000000000000002	0.24000000000000021	0.36000000000000032	0.48000000000000032	0.60000000000000064	0.72000000000000064	0.84000000000000064	0.96000000000000063	1.08	1.2	1.32	1.44	1.56	1.680000000000003	1.8	1.9200000000000021	2.04	2.16	2.2799999999999998	2.4	2.64	2.88	3.12	3.36	3.6	7.5535288839382391	8.8745010674835303	6.8265958105139264	8.0700980847179657	7.4924966737832284	7.0519276586528052	8.3927411120393725	7.2512686036078007	6.4848076982579856	7.3603762492651255	7.1406912342584885	6.8882468516971436	6.4132940375630438	6.5893127881432108	6.1394613075899631	5.8696509793001015	5.0168631455181378	4.298361644852891	5.0615736873046924	3.4045762554534482	2.5075033262167792	1.0374508802871376	1.0230050434728915E-2	-2.2722701816269082E-2	6.3894303660385468E-2	40C	0.12000000000000002	0.24000000000000021	0.36000000000000032	0.48000000000000032	0.60000000000000064	0.72000000000000064	0.84000000000000064	0.96000000000000063	1.08	1.2	1.32	1.44	1.56	1.680000000000003	1.8	1.9200000000000021	2.04	2.16	2.2799999999999998	2.4	2.64	2.88	3.12	3.36	3.6	6.0294117647058805	8.438751844823944	7.6839553025511318	7.5527092557453077	7.6001475859160879	6.8223346686344568	7.1414013634127498	6.8743411343032008	7.4671445639187368	6.0074495748120036	5.8712839974699564	5.6003584229390704	6.2762667791130937	4.4597301286105839	4.0327851570735795	2.5720359828519221	2.056715159181953	0.92416895073441507	0.18676646285754525	-0.29605031976948615	0.12167053201208802	5.3939138379365863E-2	0.1763124604680584	-0.23113008644317928	-3.9268395530255636E-2	50C	0.12000000000000002	0.24000000000000021	0.36000000000000032	0.48000000000000032	0.60000000000000064	0.72000000000000064	0.84000000000000064	0.96000000000000063	1.08	1.2	1.32	1.44	1.56	1.680000000000003	1.8	1.9200000000000021	2.04	2.16	2.2799999999999998	2.4	2.64	2.88	3.12	3.36	3.6	9.4558689638267364	12.491464439542005	12.198410197149549	10.817619147669575	7.1468904296669855	6.9043929684490681	7.4548271877298014	8.7115243197814873	6.7603827432853612	6.4754263403018522	5.2018769478586684	5.3045225338796085	2.6403333683510297	1.6598382183002418	1.1098417200686348	0.14619883040935674	7.3099415204678303E-2	0.14619883040935724	3.6549707602338832E-2	7.3099415204678303E-2	6.1499807402738527E-2	4.9024757502538992E-2	5.4824561403508713E-2	4.9900199600798403E-2	-1.1599607801939757E-2	Time/1000s

Rate/g(m).kg(s)-1.s-1

0.12000000000000002	0.24000000000000021	0.36000000000000032	0.48000000000000032	0.60000000000000064	0.72000000000000064	0.84000000000000064	0.96000000000000063	1.08	1.2	1.32	1.44	1.56	1.680000000000003	1.8	1.9200000000000021	2.04	2.16	2.2799999999999998	2.4	3.6	1.1374569168561111	1.6053253170491359	1.4241423435978247	1.4585593901655636	1.4803907910930958	1.323700245083953	1.4767428982681237	1.3319272464587302	1.3171666464320864	1.4035871798077333	1.2759083041771861	1.2763312119745538	1.1364928972186432	1.4570861462902245	1.0421584962786141	1.0221940472654176	1.075157033246106	1.1142398102409579	1.0903718177987285	0.86479244437901914	0.61699168832176965	40C	0.12000000000000002	0.24000000000000021	0.36000000000000032	0.48000000000000032	0.60000000000000064	0.72000000000000064	0.84000000000000064	0.96000000000000063	1.08	1.2	1.32	1.44	1.56	1.680000000000003	1.8	1.9200000000000021	2.04	2.16	2.2799999999999998	2.4	2.52	2.64	2.7600000000000002	2.88	3	5.4	7.2	2.1493012857491007	2.4989493823474098	2.4138152386293386	2.3657213872576652	2.3793602416313648	2.2642148211648991	2.2474243367998392	2.1526368630162263	1.9272379047865777	1.7940355508322361	1.9849505264325822	1.9241598537055102	1.275048936664344	1.4154988132836563	1.0440446032678674	0.88288337822984653	0.71368532948903585	0.41284457672594893	0.21573559467634751	0.20958618150606226	1.5900291033575563E-2	4.459439380431747E-2	2.0641114004323266E-3	5.351137735082382E-2	-3.5250987027637716E-3	9.9110048958664324E-3	9.1188796170543051E-3	50C	0.12000000000000002	0.24000000000000021	0.36000000000000032	0.48000000000000032	0.60000000000000064	0.72000000000000064	0.84000000000000064	0.96000000000000063	1.08	1.2	1.32	1.44	1.56	1.680000000000003	1.8	1.9200000000000021	2.04	2.16	2.2799999999999998	2.4	2.52	2.64	2.7600000000000002	2.88	3	5.4	7.2	2.7351449275362354	3.5764492753623176	3.7410628019323786	2.9614734299516807	2.1958937198067643	2.390217391304347	2.6478260869565298	2.0173913043478255	1.973671497584538	1.7856280193236718	1.2600241545893718	0.70519323671497758	0.34625603864734283	0.18526570048309246	9.0579710144929743E-3	6.0507246376811694E-2	5.9299516908211787E-2	-4.7342995169081414E-2	1.1956521739130329E-2	2.0169082125604355E-2	2.5724637681158992E-2	-5.1328502415458775E-3	2.0169082125604049E-2	-6.5821256038649098E-3	5.2898550724637734E-2	1.2568438003220602E-2	8.9452495974235418E-3	Time/1000s


Rate/g(m).kg(s)-1.s-1

0.12000000000000002	0.24000000000000021	0.36000000000000032	0.48000000000000032	0.60000000000000064	0.72000000000000064	0.84000000000000064	0.96000000000000063	1.08	1.2	1.32	1.44	1.56	1.680000000000003	1.8	1.9200000000000021	2.04	2.16	2.2799999999999998	2.4	2.64	2.88	3.12	3.36	3.6	1.8193384223918587	2.3314249363867594	2.2548707778276769	2.2678117048346169	2.260234246370322	2.4867472434266311	1.7599972558998158	2.1551788654393049	1.8295352492141832	2.9524023349797779	1.9242690714962849	1.6798570573267513	1.9388626952053092	1.7401648954747257	1.3843673601756221	1.7411315671306653	1.4791011824577178	1.3051938332584918	0.86389263084368806	1.132533802325002	0.76440340767350512	0.41060158159956212	0.1490545327545777	3.0637254901960696E-2	4.5714214438956423E-2	40C	0.12000000000000002	0.24000000000000021	0.36000000000000032	0.48000000000000032	0.60000000000000064	0.72000000000000064	0.84000000000000064	0.96000000000000063	1.08	1.2	1.32	1.44	1.56	1.680000000000003	1.8	1.9200000000000021	2.04	2.16	2.2799999999999998	2.4	2.64	2.88	3.12	3.36	3.6	2.9848484848484733	3.3636363636363682	2.9090909090909047	2.7424242424242493	3.0151515151515182	2.7424242424242458	2.3030303030303054	2.7878787878787854	2.6666666666666647	2.4696969696969742	2.4999999999999969	2.4090909090909101	2.3181818181818192	2.1969696969696937	2.1818181818181777	1.8484848484848473	1.9242424242424301	1.7727272727272718	1.2121212121212093	0.86363636363636354	0.20454545454545542	3.787878787878781E-2	7.5757575757577746E-3	3.787878787878781E-2	-1.5151515151515296E-2	50C	0.12000000000000002	0.24000000000000021	0.36000000000000032	0.48000000000000032	0.60000000000000064	0.72000000000000064	0.84000000000000064	0.96000000000000063	1.08	1.2	1.32	1.44	1.56	1.680000000000003	1.8	1.9200000000000021	2.04	2.16	2.2799999999999998	2.4	2.64	2.88	3.12	3.36	3.6	2.5346015622679676	3.0685815268814598	3.3281727999049582	2.7469100444240802	3.3236381071184598	2.4577239342676394	3.1261270435288098	3.2169800112863491	2.8702483844825371	2.2454154521115242	2.6331979820351985	2.407603645574778	1.6377666187209048	1.6024437485945104	1.2084293309233158	0.54997072338692299	0.52491057904049043	0.27810130556722362	5.0305919391725892E-2	2.9780467831791068E-2	-5.8871450210665598E-3	-1.614987080103367E-2	2.5404887072890212E-2	3.6423394983940212E-2	2.5404887072890611E-2	Time/1000s

Rate/g(m).kg(s)-1.s-1

0.24000000000000021	0.36000000000000032	0.48000000000000032	0.60000000000000064	0.72000000000000064	0.84000000000000064	0.96000000000000063	1.08	1.2	1.32	1.44	1.56	1.680000000000003	1.8	1.9200000000000021	2.04	2.16	2.2799999999999998	2.4	2.64	2.88	3.12	3.36	3.6	6.5305020649848293	6.5857258960707226	5.9125906022457766	6.0951330491560345	5.6909737771806705	5.1524273938067058	5.6984707501948897	5.2510020843354184	5.1623597773023047	4.9559359329474102	4.8544752395326913	4.0407108855384717	4.3224527707286295	3.6173088299525094	3.8833463258750638	2.4784766106605165	2.3516445240583108	1.6728699142492247	1.3876421577570994	1.1361728947935898	0.75667733713710872	0.67021058975081949	0.62081543403382788	0.49321623459554531	30%RH	0.12000000000000002	0.24000000000000021	0.36000000000000032	0.48000000000000032	0.60000000000000064	0.72000000000000064	0.84000000000000064	0.96000000000000063	1.08	1.2	1.32	1.44	1.56	1.680000000000003	1.8	1.9200000000000021	2.04	2.16	2.2799999999999998	2.4	2.64	2.88	3.12	3.36	3.6	7.5535288839382391	8.8745010674835303	6.8265958105139264	8.0700980847179657	7.4924966737832284	7.0519276586528052	8.3927411120393725	7.2512686036078007	6.4848076982579856	7.3603762492651255	7.1406912342584885	6.8882468516971436	6.4132940375630438	6.5893127881432108	6.1394613075899631	5.8696509793001015	5.0168631455181378	4.298361644852891	5.0615736873046924	3.4045762554534482	2.5075033262167792	1.0374508802871376	1.0230050434728915E-2	-2.2722701816269082E-2	6.3894303660385468E-2	40% RH	0.12000000000000002	0.24000000000000021	0.36000000000000032	0.48000000000000032	0.60000000000000064	0.72000000000000064	0.84000000000000064	0.96000000000000063	1.08	1.2	1.32	1.44	1.56	1.680000000000003	1.8	1.9200000000000021	2.04	2.16	2.2799999999999998	2.4	2.64	2.88	3.12	3.36	3.6	7.30583301868442	7.8169086602821549	8.3046716781656578	6.2830524376709107	6.8626357280975645	6.7800260872550107	7.4407029828716871	7.0279122186752385	6.6231020949896484	5.9067895513678614	6.7029657089898098	6.3028753189395745	6.4774196501104075	5.6343035961509855	5.1597844368928705	6.7106889094840874	5.9214922367532843	4.5878385336216683	5.8400839826542734	4.9825512877721723	4.0791942699573216	3.4082769825741717	2.6540921520841199	0.8317886932344799	8.6585658874815341E-2	Time/1000s

Rate/g(m).kg(s)-1.s-1

0.12000000000000002	0.24000000000000021	0.36000000000000032	0.48000000000000032	0.60000000000000064	0.72000000000000064	0.84000000000000064	0.96000000000000063	1.08	1.2	1.32	1.44	1.56	1.680000000000003	1.8	1.9200000000000021	2.04	2.16	2.2799999999999998	2.4	2.64	2.88	3.12	3.36	3.6	2.8759155051527268	3.5002194092464354	3.9509868735403342	3.1065670393442333	3.3293060692858467	3.2566410191716	3.1427649009769212	3.0811395448637402	2.7531827291741808	2.4541076002799942	2.3932597211313817	1.879907755668782	1.8960967249971781	1.2869269701187163	0.83030136056553172	0.6939369189754736	0.40084507290235388	0.15757754868400836	0.14365521412698376	-1.7950993648874966E-2	3.3065778815457261E-2	-4.127389713081081E-2	6.7021058975082009E-4	6.2081543403382487E-4	4.9321623459554524E-4	30%	0.12000000000000002	0.24000000000000021	0.36000000000000032	0.48000000000000032	0.60000000000000064	0.72000000000000064	0.84000000000000064	0.96000000000000063	1.08	1.2	1.32	1.44	1.56	1.680000000000003	1.8	1.9200000000000021	2.04	2.16	2.2799999999999998	2.4	2.64	2.88	3.12	3.36	3.6	1.8193384223918587	2.3314249363867594	2.2548707778276769	2.2678117048346169	2.260234246370322	2.4867472434266311	1.7599972558998158	2.1551788654393049	1.8295352492141832	2.9524023349797779	1.9242690714962849	1.6798570573267513	1.9388626952053092	1.7401648954747257	1.3843673601756221	1.7411315671306653	1.4791011824577178	1.3051938332584918	0.86389263084368806	1.132533802325002	0.76440340767350512	0.41060158159956212	0.1490545327545777	3.0637254901960696E-2	4.5714214438956423E-2	40%	0.12000000000000002	0.24000000000000021	0.36000000000000032	0.48000000000000032	0.60000000000000064	0.72000000000000064	0.84000000000000064	0.96000000000000063	1.08	1.2	1.32	1.44	1.56	1.680000000000003	1.8	1.9200000000000021	2.04	2.16	2.2799999999999998	2.4	2.64	2.88	3.12	3.36	3.6	1.6298562078411498	1.7855728775623958	1.7905489591713701	1.6626870859957745	1.6436113370630718	1.7217739152256475	1.5355167980399536	1.4399218765424107	1.3685064443297763	1.7246318853756781	1.3385332352432453	1.5662712144042144	1.4822694530668299	1.3344238681834024	1.2706655519087744	1.4132774294018879	1.2401272120179092	1.2871881259769593	1.1638677728079978	1.0607481110660943	1.1557362019103978	0.87288953903319355	0.78276693236465578	0.61002779219157688	0.41723920408675619	Time/1000s

Rate/g(m).kg(s)-1.s-1

0.12000000000000002	0.24000000000000021	0.36000000000000032	0.48000000000000032	0.60000000000000064	0.72000000000000064	0.84000000000000064	0.96000000000000063	1.08	1.2	1.32	1.44	1.56	1.680000000000003	1.8	1.9200000000000021	2.04	2.16	2.2799999999999998	2.4	2.52	2.64	2.7600000000000002	2.88	3	1.3744960264752841	2.2590478985976992	2.0875333278431611	2.1028731157373466	2.1342812171803662	2.1103479468243385	1.9083520484098435	1.6736650633344632	1.5989459863557625	1.9104018010751462	1.7796620636474918	1.4492602358272324	1.5520730264829707	1.2946166848106235	1.3135287836260778	1.2813311071000852	1.1490435707188471	0.97254174270914462	0.78390868565651162	0.79026397386497449	0.5842839548395431	0.45139534068236925	0.32982720727300768	0.26552262972483587	0.13957692541854849	30% RH	0.12000000000000002	0.24000000000000021	0.36000000000000032	0.48000000000000032	0.60000000000000064	0.72000000000000064	0.84000000000000064	0.96000000000000063	1.08	1.2	1.32	1.44	1.56	1.680000000000003	1.8	1.9200000000000021	2.04	2.16	2.2799999999999998	2.4	3.6	1.1374569168561111	1.6053253170491359	1.4241423435978247	1.4585593901655636	1.4803907910930958	1.323700245083953	1.4767428982681237	1.3319272464587302	1.3171666464320864	1.4035871798077333	1.2759083041771861	1.2763312119745538	1.1364928972186432	1.4570861462902245	1.0421584962786141	1.0221940472654176	1.075157033246106	1.1142398102409579	1.0903718177987285	0.86479244437901914	0.61699168832176965	40% RH	0.12000000000000002	0.24000000000000021	0.36000000000000032	0.48000000000000032	0.60000000000000064	0.72000000000000064	0.84000000000000064	0.96000000000000063	1.08	1.2	1.32	1.44	1.56	1.680000000000003	1.8	1.9200000000000021	2.04	2.16	2.2799999999999998	2.4	3.6	1.0344544742185096	1.4876137355351677	1.2658939145122157	1.3823594335014198	1.2251028549806837	1.2278996191861391	1.2701168684664941	1.1385436000244755	1.3366177969134747	1.1027296763860748	1.1597984590044574	1.1570016947989978	1.1172307270492048	1.1367669276007581	1.0436255076104606	1.0411792260799098	1.0208284308910771	1.0778658572664785	0.97409575897683764	0.98463736682544856	0.78199098211663154	Time/1000s

Rate/g(m).kg(s)-1.s-1
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G
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
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

mix 30C 20%RH h= 0.00126	0	8.4600000000000244E-2	0.16919999999999999	0.25380000000000008	0.33840000000000492	0.42300000000000032	0.50760000000000005	0.59220000000000006	0.67680000000000984	0.76140000000000063	0.84600000000000064	0.93059999999999998	1.015199999999985	1.0997999999999855	1.1844000000000001	1.2689999999999853	1.3535999999999853	1.4381999999999862	1.5227999999999868	1.6073999999999868	1.6919999999999868	1.8612	2.0303999999999998	2.1995999999999998	2.3687999999999998	2.5379999999999998	3.8069999999999977	5.0759999999999996	7.6139999999999946	10.152000000000006	1	0.93087325859649395	0.84688697185219242	0.75151948339942565	0.67749776456215283	0.59746930131704823	0.5189226347988436	0.44352144187231946	0.36928538529260063	0.30299244520823981	0.24373443248794405	0.18571074555737313	0.13999426252782851	9.3785188677836764E-2	6.2329597013337415E-2	4.1729980726943332E-2	2.4507596993627274E-2	1.4614355646491791E-2	1.0799613140845252E-2	7.2563903310038031E-3	7.7459522554470424E-3	6.1323681509636531E-3	8.0069259884465397E-3	3.1755080794010652E-3	5.4575413817455534E-3	5.1965676487460005E-3	2.9081567750445249E-3	2.6157590905208426E-3	-1.5456062199552601E-3	0	casein 30C 20%RH h= 0.0008	0	5.5800000000000023E-2	0.1116	0.16740000000000024	0.22320000000000001	0.27900000000000008	0.33480000000000593	0.39060000000000328	0.44640000000000002	0.50219999999999998	0.55800000000000005	0.61380000000000734	0.66960000000001141	0.72540000000000004	0.78120000000000001	0.83700000000000063	0.89280000000000004	0.94860000000000666	1.0044	1.0602	1.1160000000000001	1.2275999999999809	1.3392000000000002	1.4507999999999834	1.5624	1.6740000000000061	2.5109999999999997	3.3480000000000003	5.0219999999999985	6.6960000000000006	1	0.96186067010204013	0.89856120404580897	0.83970841924683093	0.78065996833369	0.72082379036120015	0.66160756146284883	0.60817497307054802	0.56093751291964022	0.51598473486013552	0.46220126415836177	0.41229891526606582	0.37155529759500538	0.32781992846228536	0.29142869995468768	0.25439655014636126	0.21831166988534764	0.18608514848661753	0.15859721884029962	0.13639523271671444	0.11418966069430631	8.0977793834857273E-2	5.5284308192802945E-2	3.6552337570533493E-2	2.1528509265076965E-2	1.3534673305779345E-2	1.0504298306723545E-3	1.1820034063807368E-3	1.5333434687481461E-3	0	starch 30C 20%RH h= 0.00085	0	6.0000000000000032E-2	0.12000000000000002	0.18000000000000024	0.24000000000000021	0.30000000000000032	0.36000000000000032	0.42000000000000032	0.48000000000000032	0.54	0.60000000000000064	0.66000000000000836	0.72000000000000064	0.78	0.84000000000000064	0.9	0.96000000000000063	1.02	1.08	1.1400000000000001	1.2	1.32	1.44	1.56	1.680000000000013	1.8	2.7	3.6	5.4	7.2	1	0.96246749550752353	0.89548006245742939	0.82786509494118865	0.76744957801681812	0.70508121429472581	0.64685535646575765	0.59418293600317462	0.53563650918573658	0.48189611975229801	0.42908154521328445	0.3783926881941575	0.32867556486603938	0.28738820590397846	0.24324284821819375	0.20636569083723452	0.1665802182492952	0.14176345818718031	0.11805406879105346	0.10137355911798553	8.7624195568262703E-2	6.5488581641961502E-2	5.1237377247729712E-2	3.8639071945039946E-2	2.6640641950028392E-2	1.7505886774011489E-2	4.2215476193565823E-5	8.8598264388111791E-4	9.4626258515143643E-4	0	mix 30C 30%RH h= 0.00126	0	8.4600000000000244E-2	0.16919999999999999	0.25380000000000008	0.33840000000000492	0.42300000000000032	0.50760000000000005	0.59220000000000006	0.67680000000000984	0.76140000000000063	0.84600000000000064	0.93059999999999998	1.015199999999985	1.0997999999999855	1.1844000000000001	1.2689999999999853	1.3535999999999853	1.4381999999999862	1.5227999999999868	1.6073999999999868	1.6919999999999868	1.8612	2.0303999999999998	2.1995999999999998	2.3687999999999998	2.5379999999999998	3.8069999999999977	5.0759999999999996	7.6139999999999946	10.152000000000006	1	0.93768455412550999	0.85502629532987995	0.76369285873861703	0.69272479881058324	0.60687336967318595	0.54238762442275357	0.46272968534235076	0.38413466282535758	0.31293274638186558	0.25621072629608749	0.19263157841051623	0.1334183142385624	9.4468641021817443E-2	5.9398991553657916E-2	3.3522789678863789E-2	2.2396640015108032E-2	1.3906730890584865E-2	8.2421628285873228E-3	6.8167793024399318E-3	5.9234066394404233E-3	5.7352664074871648E-3	6.0791370386816534E-3	4.8347650300063424E-3	3.7791944883771972E-3	2.534822479701816E-3	3.0072311223978427E-3	1.2392269994720739E-3	-1.7322156789808827E-4	0	casein 30C 30%RH h= 0.00072	0	4.7640000000000002E-2	9.5280000000000004E-2	0.14292000000000021	0.19056000000000001	0.23820000000000024	0.28584000000000032	0.33348000000000627	0.38112000000000373	0.42876000000000031	0.47640000000000032	0.52403999999999951	0.57168000000000063	0.61931999999999998	0.66696000000000655	0.71460000000000734	0.76224000000000836	0.80988000000000004	0.8575199999999995	0.90515999999999996	0.95280000000000065	1.4291999999999809	2.1438000000000001	2.8583999999999987	4.2876000000000003	1	0.96439025038071424	0.90981262763985804	0.86040832949675949	0.81164887086683701	0.76195181263356471	0.72006823198876191	0.67089589899778301	0.6259247618373055	0.58259198923398359	0.53731982859368965	0.49637384755227187	0.45259367142401818	0.41479117233889351	0.36348201532269386	0.33126910908855184	0.30140020186281158	0.26565720508552609	0.23104098051020827	0.19578817981135871	0.16868440934471318	1.7337771954055541E-2	5.2161171512554415E-3	4.4248975929926434E-3	1.7502154383728476E-3	starch 30C 30% RH h= 0.00086	0	5.7600000000000012E-2	0.11520000000000002	0.17280000000000001	0.23039999999999999	0.28800000000000031	0.34560000000000002	0.4032	0.46080000000000032	0.51839999999999997	0.57600000000000062	0.6336000000000086	0.69120000000000004	0.74880000000000735	0.80640000000000001	0.86400000000000265	0.92159999999999997	0.97920000000000063	1.0367999999999868	1.0944	1.1520000000000001	1.2671999999999852	1.3824000000000001	1.4975999999999809	1.6128	1.728	2.5919999999999987	3.4559999999999977	5.1839999999999975	6.9119999999999999	1	0.94607838044312464	0.88218011081694547	0.83354728088802388	0.77605482993631869	0.72238273810509068	0.67180887928221833	0.61164501174365626	0.55978607912039169	0.51287666384685959	0.46044083326528168	0.40913378501087488	0.35978330474083697	0.31394877701359825	0.26671843371075632	0.22257101488291761	0.18022728076399919	0.14451607473519282	0.11361583066274616	7.7615381244608594E-2	5.3603865748368847E-2	1.7860223275454789E-2	3.4375035766270197E-3	3.3560223147779192E-3	3.6327589093748968E-3	2.8487052827014378E-3	2.68938151382147E-3	2.3916459866380967E-3	mix 30C 40%RH h= 0.00063	0	4.4159999999999998E-2	8.8320000000000065E-2	0.13247999999999999	0.17663999999999999	0.2208	0.26496000000000008	0.30912000000000367	0.35328000000000032	0.39744000000000396	0.44160000000000005	0.48576000000000008	0.5299199999999995	0.57408000000000003	0.61824000000000734	0.66240000000000065	0.70655999999999997	0.7507200000000086	0.79488000000000003	0.83904000000000734	0.88319999999999999	0.97152000000000005	1.0598399999999852	1.1481600000000001	1.23648	1.3248	1.9872000000000001	2.6496	3.9743999999999997	5.2991999999999999	1	0.95750107746509894	0.91112106175583618	0.86448525244101371	0.82102744084508961	0.77818745978214832	0.7331872926108759	0.69305290782493256	0.65552101232290916	0.62024679168328245	0.57447114105633956	0.53941515127037343	0.49856052951630331	0.45989988446400382	0.42490378831609982	0.39168437051779176	0.35474316784922177	0.32226466252377778	0.28868061369224518	0.25825601995101927	0.23042052987445227	0.17004005150684146	0.12446593535149029	8.3661083915919726E-2	5.1641625615431619E-2	2.9770569208133701E-2	1.0012426766035821E-2	9.001268049381719E-3	3.4105852803173947E-4	0	casein 30C 40%RH h= 0.00054	0	3.6600000000000042E-2	7.3200000000000001E-2	0.10979999999999999	0.14640000000000175	0.18300000000000041	0.21960000000000021	0.25619999999999998	0.29280000000000356	0.32940000000000441	0.36600000000000038	0.40260000000000001	0.43920000000000031	0.47580000000000328	0.51239999999999997	0.54899999999999993	0.58560000000000001	0.62220000000000064	0.65880000000000838	0.69540000000000002	0.73200000000000065	1.0979999999999832	1.647	2.1959999999999997	3.294	1	0.96950944046985565	0.92570973913283761	0.88838932704683149	0.84768785891703979	0.81155882964712422	0.77540334420722856	0.737984434480496	0.70446616908972748	0.66511474905283097	0.63255986823119525	0.59843881932749954	0.56434422659380734	0.53143870630108769	0.49794458670523883	0.46717582508870281	0.43648141531802498	0.40640740185538332	0.37462122290800781	0.34585127411199884	0.31684870853038538	8.5765814668840243E-2	4.49155401423875E-3	2.4429332682345977E-3	0	starch 30C 40%RH h= 0.00072	0	4.8599999999999997E-2	9.7200000000000022E-2	0.14580000000000001	0.19439999999999999	0.24300000000000024	0.29160000000000008	0.3402	0.38880000000000492	0.43740000000000367	0.48600000000000032	0.53459999999999996	0.5831999999999995	0.63180000000000824	0.6804	0.72900000000000065	0.77760000000000984	0.82619999999999993	0.87480000000000735	0.9234	0.97200000000000064	1.0691999999999868	1.1663999999999999	1.2635999999999823	1.3608	1.458	2.1869999999999998	2.9159999999999977	4.3739999999999997	5.8319999999999999	1	0.95240749669160363	0.89988952478214457	0.84463590207221095	0.80257411176798488	0.75821037137940961	0.71180940453853492	0.66330612871531558	0.61722776865835494	0.57202727358479666	0.53269743813910775	0.48835356923049528	0.44762711382067888	0.40501538176141338	0.367077128694974	0.33192722961757037	0.28876990971890532	0.24944711147474019	0.21894712396823643	0.18012490555012844	0.14756293417213776	9.4004490155809528E-2	4.7760434879813178E-2	1.4247036889331348E-2	3.9959387807074927E-3	1.8956808060659083E-3	2.5809920162439483E-3	2.9347855744856792E-3	3.5422406344664712E-4	0	mix 40C 30%RH h= 0.00115	0	7.7400000000000024E-2	0.15480000000000024	0.23219999999999999	0.30960000000000032	0.38700000000000367	0.46440000000000031	0.54179999999999995	0.61920000000000064	0.69660000000000655	0.77400000000000724	0.85139999999999993	0.92880000000000063	1.0062	1.0835999999999852	1.161	1.2383999999999868	1.3157999999999832	1.3932	1.4705999999999853	1.5479999999999805	1.7027999999999832	1.8575999999999855	2.0123999999999977	2.1672000000000002	2.3219999999999987	3.4829999999999997	4.6439999999999975	6.9659999999999975	9.2879999999999985	1	0.91593739804632757	0.83548700086064753	0.76476510612040283	0.68426285557381195	0.61302205816139332	0.53524460023826714	0.47896248252487111	0.40913999447881649	0.34653804080656514	0.29564036870876642	0.24405882274786644	0.19269280961807767	0.15049782917104232	0.10592128475282372	7.0921557859493334E-2	4.5638338861898081E-2	2.5751560029584092E-2	1.3845031894430466E-2	6.9797207225960828E-3	3.8890020682294606E-3	5.3964401652812693E-3	3.8890020682294606E-3	1.7988133884270605E-3	1.3810339966134741E-3	1.7482517482517673E-3	8.7412587412586979E-4	1.1907819855888487E-3	-5.8275058275058687E-4	0	casein 40C 30%RH h= 0.00110	0	7.4279999999999999E-2	0.14856000000000041	0.22283999999999998	0.29712000000000038	0.37140000000000367	0.44568000000000002	0.51995999999999998	0.59423999999999344	0.66852000000000711	0.74280000000000734	0.81707999999999992	0.89135999999999949	0.96563999999999994	1.0399199999999869	1.1141999999999999	1.1884800000000142	1.2627599999999999	1.33704	1.4113199999999853	1.4855999999999809	1.6341600000000001	1.7827199999999999	1.9312799999999999	2.0798399999999977	2.2284000000000002	3.3425999999999987	4.4567999999999994	6.6852	8.9136000000000042	1	0.9342399668100515	0.85756398152950053	0.78389150356506065	0.7114364686150545	0.63846887013404963	0.56882759061997834	0.50005367743576723	0.43438010538116861	0.37526662700442637	0.32027823078447176	0.25983588831436133	0.20109500798571636	0.16253564079611604	0.11950412761833466	8.8156101084379768E-2	6.1480149966316601E-2	3.9973159397782697E-2	2.7605975183620866E-2	2.1068408201081707E-2	1.4665237773715355E-2	1.369169333803128E-2	1.0961968455087661E-2	1.0923377327577765E-2	7.6107549565726674E-3	7.837821259933252E-3	3.2243676725190657E-3	-8.2058745397075206E-4	1.1396838204052364E-3	0	starch 40C 30%RH h= 0.001075	0	7.5600000000000001E-2	0.15120000000000094	0.2268	0.30240000000000328	0.37800000000000328	0.4536	0.5292	0.60480000000000722	0.6804	0.75600000000000733	0.83160000000000733	0.90720000000000001	0.98280000000000001	1.0584	1.1340000000000001	1.2095999999999791	1.2851999999999855	1.3608	1.4363999999999855	1.512	1.6632	1.8144	1.9656	2.1167999999999987	2.2680000000000002	3.4019999999999997	4.5360000000000014	6.8039999999999985	9.0720000000000027	1	0.94545545059991865	0.86503257843958281	0.7945044655676422	0.72831102190888664	0.6543175611061115	0.5869209603559985	0.52385958720337888	0.45195461226326217	0.38576578963808056	0.32653508144113014	0.268347671478672	0.21241920053822949	0.15214519835198745	0.11410042670399972	8.0219876204049967E-2	4.2718998340686487E-2	1.9968396179274938E-2	7.2908674301642587E-3	5.3823224491627124E-3	7.2933118120260083E-3	3.8211746862605012E-3	4.1666791145146889E-3	2.0795412419894912E-3	1.3945082015069117E-3	1.2202592739982841E-3	2.0849654659983391E-3	1.0413978032935481E-3	3.4767513670387205E-4	0	mix 50C 30%RH h= 0.00126	0	8.2560000000000008E-2	0.16512000000000002	0.24768000000000001	0.33024000000000031	0.41280000000000328	0.49536000000000424	0.57791999999999999	0.66048000000000062	0.74304000000000836	0.82560000000000666	0.90816000000000008	0.99072000000000005	1.07328	1.15584	1.2383999999999868	1.3209599999999999	1.4035199999999846	1.4860800000000001	1.56864	1.6512	1.8163200000000002	1.9814400000000001	2.14656	2.3116799999999573	2.4767999999999977	3.7152000000000003	4.9535999999999998	7.4304000000000014	9.9072000000000013	1	0.93768455412550999	0.85502629532987995	0.76369285873861703	0.69272479881058324	0.60687336967318595	0.54238762442275357	0.46272968534235076	0.38413466282535758	0.31293274638186558	0.25621072629608749	0.19263157841051623	0.1334183142385624	9.4468641021817443E-2	5.9398991553657916E-2	3.3522789678863789E-2	2.2396640015108032E-2	1.3906730890584865E-2	8.2421628285873228E-3	6.8167793024399318E-3	5.9234066394404233E-3	5.7352664074871648E-3	6.0791370386816534E-3	4.8347650300063424E-3	3.7791944883771972E-3	2.534822479701816E-3	3.0072311223978427E-3	1.2392269994720739E-3	-1.7322156789808827E-4	0	casein 50C 30%RH h= 0.00145	0	0.10800000000000012	0.21600000000000041	0.32400000000000367	0.43200000000000038	0.54	0.64800000000000735	0.75600000000000733	0.86400000000000265	0.97200000000000064	1.08	1.1879999999999868	1.296	1.4039999999999719	1.512	1.6199999999999852	1.728	1.8359999999999832	1.9440000000000131	2.0519999999999987	2.16	2.3759999999999977	2.5919999999999987	2.8079999999999998	3.024	3.2399999999999998	4.8599999999999985	6.48	9.7200000000000006	12.960000000000004	1	0.90648380487580249	0.78454652884888376	0.65739024839430826	0.55690259137334341	0.48240252614778173	0.40066338236761501	0.31091204524352523	0.24067466255361755	0.17313838562888959	0.11119232333463792	6.6927185248279175E-2	4.1379866019015166E-2	2.8290629772017468E-2	2.1395903834495883E-2	2.1051551217416E-2	1.8973925121050967E-2	1.6571130397415906E-2	1.8296730280776875E-2	1.7619535440502803E-2	1.6926993408381091E-2	1.5193719929095986E-2	1.5212903918905455E-2	1.3827819854662348E-2	1.4179846067665784E-2	1.0380456885901321E-2	3.8070627776882852E-3	-7.0021562804543685E-4	-1.7332734792851001E-3	0	starch 50C 30%RH h= 0.00145	0	0.10199999999999998	0.20400000000000001	0.30600000000000038	0.40800000000000008	0.51	0.61200000000000065	0.71400000000000063	0.81599999999999995	0.91799999999999993	1.02	1.1219999999999852	1.224	1.3259999999999832	1.4279999999999737	1.5299999999999805	1.6319999999999852	1.734	1.8359999999999832	1.9379999999999868	2.04	2.2440000000000002	2.448	2.6519999999999997	2.8559999999999977	3.0599999999999987	4.59	6.1199999999999966	9.18	12.24	1	0.91064571568198693	0.79078637175848754	0.67543753677138074	0.57165829200606233	0.49947649839537572	0.42900308094686596	0.35800377303372938	0.27470866146031697	0.20917540648159144	0.14879014479222011	0.10163473102119155	5.4873479149348571E-2	3.2588486786874156E-2	1.9022833406364417E-2	1.0086790696277641E-2	8.9360427100867463E-3	8.3606687169910827E-3	7.209920730800159E-3	6.92223373425242E-3	6.3468597411567894E-3	5.1783659378596414E-3	4.3064320396632733E-3	3.4433710500200781E-3	2.2571314296167214E-3	2.2393856125105492E-3	-1.1773667118502521E-3	-1.6995032536273121E-3	-6.0199271875474114E-4	0	master curve Vin 0.62 Vf 0.0001	-1.4450008129753381E-17	8.713382750110063E-2	0.1631441404036087	0.23014483770534891	0.28974270524003531	0.34318141245046491	0.3914390025980265	0.43529552097755808	0.4753809449892672	0.51220980724853338	0.54620663643199463	0.57772494031674493	0.6070615684827092	0.63446771749222353	0.66015746139362663	0.68431443446121409	0.70709711775175044	0.72864305906484861	0.74907226979265396	0.76848998056709861	0.78698889303211361	0.80465103242600811	0.8215492815009634	0.83774865825331879	0.85330738631834668	0.86827779652238091	0.88270709013459703	0.89663798821790619	0.91010928669356173	0.92315633298445821	0.93581143714485282	0.94810422803539063	0.96006196323061477	0.97170979984220551	0.98307103223105663	0.99416730160049216	1.0050187816667921	1.0156443439540266	1.0260617057305859	1.0362875631705304	1.0463377119700741	1.0562271573601678	1.0659702152220674	1.0755806058270918	1.0850715415730323	1.0944558099799981	1.103745853127801	1.1129538446692779	1.1220917655340339	1.1311714794485561	1.1402048094407993	1.1492036165766375	1.1581798822943472	1.1671457958706146	1.1761138487789569	1.1850969380007981	1.194108480743759	1.2031625435345379	1.2122739893266281	1.2214586471408748	1.2307335099177021	1.2401169677958721	1.2496290860916057	1.2592919400309563	1.2691300220870658	1.2791707430259716	1.2894450551256018	1.2999882365023359	1.3108408906161089	1.322050237302776	1.3336718051295178	1.3457716862054634	1.3584295953435732	1.3717431061093774	1.3858336543789678	1.4008552774670118	1.4170077379572956	1.434556971884098	1.4538683925475191	1.4754641654061114	1.5001286995594072	1.5291211251700918	1.5646589390620937	1.6112355837119705	1.6804614731388621	1	0.91528309919114459	0.84225128814902894	0.77864293659622885	0.72274468826192961	0.67323481116585393	0.62907735321529135	0.58944886531092755	0.55368657134847465	0.52125100240578193	0.49169859514687564	0.46466128637808735	0.43983110485573518	0.41694838855082567	0.39579266970289156	0.37617554858934182	0.35793506755394533	0.34093122930060382	0.32504239683437441	0.31016237912790356	0.29619805481874428	0.28306742151312375	0.27069798434116255	0.25902541686903008	0.24799244213510155	0.23754789272030899	0.22764591730108957	0.21824530772588638	0.20930892578402141	0.20080321285140756	0.19269776876267736	0.18496498876998532	0.17757974945111696	0.17051913603638044	0.1637622049190457	0.15728977616454914	0.15108425168858852	0.14512945547428294	0.13941049277341813	0.13391362571141621	0.12862616310892164	0.12353636265979148	0.11863334387852088	0.11390701045873448	0.10934798087681813	0.10494752623688162	0.10069751449061792	9.6590360282045831E-2	9.2618979766315099E-2	8.8776749836464067E-2	8.5057471264367746E-2	8.1455335324465292E-2	7.7964893522232001E-2	7.4581030095639184E-2	7.1298936997666512E-2	6.8114091102597113E-2	6.5022233408844013E-2	6.2019350037212033E-2	5.9101654846337053E-2	5.6265573506952667E-2	5.3507728894173552E-2	5.0824927672218412E-2	4.8214147959577222E-2	4.5672527974423532E-2	4.3197355570580666E-2	4.0786058583611402E-2	3.8436195914781417E-2	3.614544928793461E-2	3.3911615620761212E-2	3.1732599957689823E-2	2.9606408916753802E-2	2.7531144607337056E-2	2.5504998979800002E-2	2.3526248571620612E-2	2.1593249617966003E-2	1.9704433497537258E-2	1.7858302487174457E-2	1.6053425801066133E-2	1.4288435892550943E-2	1.2562024998429729E-2	1.0872941907424638E-2	9.2199889360132705E-3	7.6020190962719598E-3	6.0179334416561314E-3	4.4666785778095424E-3	0	1.6000000000000021E-2	3.2000000000000042E-2	4.8000000000000001E-2	6.4000000000000112E-2	8.0000000000000043E-2	9.6000000000000002E-2	0.112	0.128	0.14400000000000004	0.16	0.17600000000000021	0.192	0.20800000000000021	0.224	0.24000000000000021	0.25600000000000001	0.27200000000000002	0.28800000000000031	0.30400000000000038	0.32000000000000367	0.35200000000000031	0.38400000000000367	0.41600000000000031	0.44800000000000001	0.48000000000000032	0.72000000000000064	0.96000000000000063	1.44	1.9200000000000021	1	0.98412732005528458	0.9685065820791976	0.95313378707750451	0.93800499953072969	0.92311634638662832	0.90846401606870664	0.89404425750035765	0.87985337914464379	0.86588774805920499	0.85214378896621057	0.83861798333707405	0.82530686849168233	0.81220703671193906	0.79931513436936508	0.78662786106655369	0.77414196879224839	0.76185426108984466	0.74976159223904981	0.737860866450603	0.72614903707370593	0.70328012197633116	0.68113142717955377	0.65968027048440392	0.63890468403191625	0.6187833918061405	0.4867522559599754	0.38289288597511917	0.23692775868212401	0.14660696213035021	Kt/L0
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