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The problem we currently study is a phenomenon which occurs when an upwards flowing stream is being vaporized in two or more parallell heat exchangers. When plotting the overall pressure drop over the exchanger as a function of mass flowrate, it is found that in a certain range, the (steady-state) pressure drop is decreasing with increasing mass flowrate, before going through a minimum and increase again for even higher flowrates. This means that for pressure drops within a certain range, there are more than one possible flowrate.
In fact, there are two ranges in which one has a pressure drop which decreases with increasing flow – one for mass flows yielding a slightly superheated vapour at the outlet, one for mass flows large enough to give nearly pure liquid at the outlet. Figure 1 shows the former, figure 2 the latter. However, only the first one is of interest for this type of process. The latter is known in literature as the Ledinegg instability[1].
In the case of two parallell vaporizing streams, one therefore risks having a large stream in one parallell, and a small stream in the other. This will lead to poor use of production capacity – and, more important, it will cause undesirable temperature transients in the exchangers.
An obvious solution to the problem would of course be to keep the total mass flowrate (or the pressure drop, if one has a means of controlling it) outside the problematic range(s). However, by design, one wants the exiting stream to be either at saturation or slightly superheated. This means that one is operating very close, or at, the point where the pressure drop starts decreasing. Decreasing the mass flowrate for each parallell to a value outside the range with multiple solutions means running the exchanger (and thus the overall process) at less than the design capacity, giving a loss in production. 
Even at reduced production rates, the problem can possibly occur, because the hot side flow (and thus the heat transfer) is also reduced during steady operation. Thus we are always close to the point where the cold side fluid is saturated at the outlet.
SINTEF have constructed a model in MATLAB and performed simulations which illustrate the problem, but they have not yet adressed control. Our aim is to find out whether the heat exchanger can be controlled without actually inserting flow control valves on each single parallell, as this would add much complexity to control of the overall liquefaction plant. 
As the overall process is complex, early studies will most likely include working on a simpler model which just serves to illustrate the flow instability – using simple thermodynamics, simple fluids (for example, water vaporizing at a moderate pressure) and no other process equipment than the heat exchanger itself. This will make simulation (and interpretation of results) easier. 
Here we will present the current state of the work and the directions we consider for further work on this topic. 
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Figure 1. Delta P and outlet vapour fraction as functions of flow – area around first instability
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Figure 2: Delta P and vapour fraction as function of flow, whole range 
The figures come from a very simple MATLAB model in which water is evaporated at constant temperature in a series of control volumes. 
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