Propylene Carbonate Coaxial PVC Capacitor (3”+ 4” x 5’)
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Bottom end of capacitor shown full scale in longitudinal cross section

1. Inner and outer pipes are made from PVC. 

Clear PVC

Size (inches)       OD       ID         Wall        Cost 10 ft

4" nominal          4.5      3.99        0.237         $214

3" nominal          3.5      3.04        0.216         $142

Source: http://www.clearpvcpipe.com/pdf/pipeclear.pdf
White/Gray PVC Schedule 40

Size (inches)           OD       ID         Wall            Cost 10 ft      Ann. Gap       foil to foil

4" nominal              4.5      3.99        0.237                                  0.25               0.738

3" nominal              3.5      3.04        0.216             

10" nominal          10.75      9.975        0.365                               0.675                1.4

8" nominal            8.625      7.942        0.322           

8" nominal            8.625      7.942        0.322                              0.658

6” nominal            6.625      6.031       0.28 

6” nominal            6.625      6.031       0.28                                 0.234 

5” nominal            5.563      5.016       0.258

5” nominal            5.563      5.016       0.258                              0. 258

4" nominal            4.5          3.99         0.237

http://www.usplastic.com/catalog/files/drawings/pipespecs.pdf
            http://www.usplastic.com/catalog/item.aspx?itemid=23979&clickid=redirect  

2. The air space at end of tube should not be less than 4” (preferably 6”), or there will be a tendency for surface corona at 200,000 volts. End of tube must be sealed with a cap coated internally with dielectric grease and sealed on the outside with a bead of Silicone I sealant.  The inside foil should preferably be terminated with a semiconducting plug that has a spherical or hemispherical profile.

3. The compression and sealing rings are made from epoxy saturated paper. The one nearest the dielectric liquid is epoxied to the inner tube. The sealing ring is movable. The sealant is Silicone I.

4. The cylindrical electrodes are made from ordinary hardware store aluminum flashing.

5. Propylene carbonate can be used as a liquid dielectric.  It should not harm the PVC pipe.  And in this unconventional construction, it is not in direct contact with the aluminum flashing. ( http://www.huntsman.com/performance_products/Media/Proylene_Carbonate_Compatibility_with_Platics.pdf )    The approximate annular volume for this design with a four foot active section is about 142 cubic inches or 2.32 liters (about 2.8 kg). One source sells 3 kg for about $140 ( http://www.labdepotinc.com/p-21825-propylene-carbonate-reagent.php ) Propylene carbonate permittivity is about 64, and that for PVC is about 4.5 . PVC has a dielectric breakdown strength of approximately  40 kV/mm  (http://en.wikipedia.org/wiki/Propylene_carbonate ,   http://physics.info/dielectrics/ ) Additionally, the dielectric strength of propylene carbonate is about 220 kV/mm for short pulses:

“The permittivity of propylene carbonate is 65, somewhat less than water (81). Its dielectric strength for pulses of 200-ns duration was measured as 2.2 MV/cm, higher than that of water (1.5 MV/cm). . . . The recovery of propylene carbonate is similar to that of water, with plasma decay, shock-wave emission, and vapor bubble formation, except for the very last phase, which is determined by chemical reactions: the generation and decay of polypropylene polymers. This limits the time for dielectric recovery of propylene carbonate switches to values of more than 10 ms.” (“Electrical Breakdown and Dielectric Recovery of Propylene Carbonate”,  http://ieeexplore.ieee.org/xpl/freeabs_all.jsp?arnumber=1710023 ; http://ieeexplore.ieee.org/xpl/freeabs_all.jsp?arnumber=26301  )

However, the dielectric strength of propylene carbonate may be considerably less for DC  fields, say, 100 kV/mm. 

(J.C. Martin on Pulsed Power,  John Christopher Martin, Thomas H. Martin, Arthur Henry Guenther, Magne Kristiansen (1996) )

Transparent covering tape and drain wires are not shown. The helical fill tubes are not shown. The “spine” for inner foil is not shown.

This design has not been tested at all. It is not expected to perform very well. The propylene carbonate should really be in direct contact with the foil. But this leads to additional construction problems such as compatibility with aluminum, fasteners, adhesives, other plastics, maintenance of deionization, etc. which have not been investigated. 

Cross sectional view of various diameters of Schedule 40 PVC pipe drawn approximately to scale: 









Single wall, (single tube) dry  200,000 volt capacitors can be built from lengths of clean Schedule 80 PVC pipe. They are much easier to construct than the double tube type, give good performance, and are easily paralleled. Additionally, they support the use of transmission line techniques, triggered spark gaps, and reduction of loop areas for fast spark rise times (tens of nanoseconds) and high instantaneous power levels.

Warning: These devices are NOT toys. The high voltages and energies stored are very dangerous. 

http://www.usplastic.com/catalog/files/drawings/pipespecs.pdf 

White/Gray PVC Schedule 80
Size (inches)           OD       ID            Wall            kV Max  @ 40Kv/mm

10" nominal          10.75      9.493        0.593            602

8" nominal            8.625      7.565        0.5                508               

6” nominal            6.625      5.709       0.432             438                     

5” nominal            5.563      4.768       0.375             381                  

4" nominal            4.5          3.786        0.337            342

3" nominal            3.5          2.864        0.3                304

http://www.usplastic.com/catalog/files/drawings/pipespecs.pdf
http://www.usplastic.com/catalog/item.aspx?itemid=23979&clickid=redirect  

Calculations: ( http://en.wikipedia.org/wiki/Capacitance ) 
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where

C is the capacitance; 

A is the area of overlap of the two plates; 

εr is the relative static permittivity (sometimes called the dielectric constant) of the material between the plates (for a vacuum, εr = 1); 

ε0 is the electric constant (ε0 ≈ 8.854×10−12 F m–1); and 

d is the separation between the plates. 

Calculated capacitance of one 4 ft active section of 4” dia. Schedule 80 PVC pipe (5 ft total length).

 r =  4.5
A:

(3.14)(3.78)(48) = 570 in2

570 in2  (1 m2/1550 in2)

= 0.368 m2

d:

0.377 in  (1m/ 39.4 in)

=9.57 x 10-3 m 

Hence:

(8.854×10−12 F m–1)(4.5)(0.368/9.57 x 10-3)

=1.53 x 10-12 x 103 Farads

=1.53 x 10-9 Farads

Calculated energy storage at 200,000 volts:

W = 1/2CV2

       = (0.5)( 1.53 x 10-9 )(2 x 105)2

       = 3.06 x 101
       = 30 joules

This is enough energy to light a 30 watt light bulb for 1 second. However, the energy is released as a pulse. If the pulse is 0.1 microseconds long, the instantaneous power level is 300 million watts.
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