Estimation of Time Required to Vacuum Impregnate an Accelerator Magnet Coil for Unrestricted Flow.
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Accelerator magnets tend to be built using many turns of Rutherford type cable, with an insulation material surrounding each turn, typically a form of fiberglass. Since these coils tend to become very brittle after the reaction process, they need to be reinforced before being assembled into a magnet structure. The reinforcing material also helps to restore electrical insulating properties of the glass.
Coils are usually impregnated using an organic polymer such as an epoxy or other similar material. Since the ability to fully saturate a coil depends on the time that the potting material stays fluid, it becomes important to understand how long it might take to impregnate a coil to ensure a safe time window.
While the structure of a coil can be very complicated and each design can vary significantly in cross section, they tend to be constructed of similar components: Conductor, Insulation, and other structural parts, usually made of bronze or titanium.
For the most part, cable and insulation drive the impregnation as the structural parts are nonporous and obstruct flow. Since the cable/insulation becomes the only material for transporting the potting material in a tightly closed mold, the entire coil can be assumed to be a porous media. If transient and wetting effects at the fluid front are ignored, Darcy’s law can be applied to estimate flow characteristics.[1]
Darcy’s Law was determined experimentally by Darcy, and has been derived from the Navier-Stokes equations for modeling fluid flow in porous media. It is a proportional relationship between discharge rate (Q), viscosity (µ), and pressure drop (P).
					(1)
Where Q is the discharge rate (L3/t), A is area (L2), (Pb-Pa) is pressure drop (F/L2), µ is viscosity, k is a constant, and L is simply the length scale. The discharge rate can be converted into the pore velocity by dividing by the flow area and porosity n. Pressure differential simply becomes Patm as the mold is evacuated, for simplification, it will be noted as ΔP.
						(2)
Where v becomes the pore velocity (m/s), since velocity is simply dx/dt, we can multiply each side by dt, and integrate, resulting in
					(3)
Since we are looking for the progression of the fluid front, x becomes L, and c = 0. Since porosity could be considered a function of the coil, it can be bundled into the constant value for coils of a similar construction. To determine the time to pot a coil of a given length, the equation can be rearranged to
						(4)
This allows a reasonable prediction of time required to pot a coil by simply solving for t. It also demonstrates that potting time can be reduced by decreasing the viscosity or increasing the pressure differential if coil geometry must remain constant.
For convenience, solving Eq. 4 for L results in
						(5)
Experimentally from the impregnation of LQ coils using CTD-101K,  . This value should be independent of potting material to allow for comparisons across resin systems.
Application of these approximations should be done carefully as small changes in potting parameters can lead to drastically different values. Viscosity in particular can lead to difference in potting time as it tends to be a function of time for resin systems.
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