TF Coil Spreadsheet Calculations

C. Neumeyer 3/28/97

General:

Data is input in the spreadsheet fields surrounded by borders. 

All data is input in inches.

All conductors copper.

Assumed copper properties and initial conditions are:

	Parameter
	Value
	Units

	Resistivity (20C)
	1.724E-06
	Ω-cm

	Density
	8.9400
	gm/cc

	Specific Heat
	0.3860
	J/gm-degC

	Res Temp Coeff
	0.0041
	1/degC

	Initial  Temp
	20.0
	degC

	Initial  Temp (OH)
	10.0
	degC

	G(zero)
	4.13E+15
	(A/m^2)^2-sec

	G(zero) (OH)
	2.13E+15
	(A/m^2)^2-sec

	H(zero)
	6.86E+07
	Joule/m^3

	H(zero) (OH)
	3.37E+07
	Joule/m^3

	Min Rep Period, Inductive
	600.00
	sec

	Min Rep Period, Non-Inductive
	300.00
	sec


See separate write-up for description of G and H functions.

Column A:
Coil

A row is used for each part of the TF coil system...


- inner leg, inner turn refers to the 12 turns nested together in the 
middle of the TF bundle (total 12)


- inner leg, outer turn refers to the 24 turns nested together around the 
12 inner turns (total 24)


- flag, inner turn refers to the flag which connects from the inner turns 
to the connectors (total 12 upper + 12 lower = 24)


- flag, outer turn refers to the flag which connects from the outer turns


to the connectors (total 24 upper + 24 lower = 48)


- connectors refers to the connectors between the flags and the outer 
legs (total 36 upper + 36 lower = 72)


- outer leg refers to the conductors outside of the center stack bundle 


(total 36)


- joint refers to the electrical joints which occur between the inner legs 
and the flags, between the flags and the connectors, and between the 
connectors and the outer legs (total 3/turn*36 turn*2 upper and lower) 
= 216)

Column B: Conductor Width

Width of conductor (∆R direction, copper only)

Column C: Conductor Height

Height of conductor (∆Z direction, copper only)

Column D: Hole Diameter

Diameter of cooling water hole

Note: The flags have four 0.375" dia bolt holes. To represent this in the spreadsheet with a single hole, a 0.75" value was entered. The resultant loss of conductor area is equivalent to four 0.375" holes.

Column E:  Corner Radius

Same radius assumed at all corners of conductor.
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Column F: Turn-Turn

Dimension between edges of copper of adjacent turns.

Column G: CSA

Copper cross sectional area of one turn.


= [Conductor Height]*[Conductor Width]



- π * ([Hole Dia]^2)/4





- (2*[Corner Radius])^2-π * [Corner Radius]^2

Column H: Length  

Total conductor length.

Note: for the outer legs, the length is calculated in rows 28 to 40 on the spreadsheet based on the dimensions given on attached reference drawings PPL.LM.NSTX.TF-3-PARAM

Column I: R @ T0

Resistance of coil at initial temperature (10C).


= [resistivity copper @ 20C] *( 1+coeff*(Tinlet-20)) * [length]/[CSA(turn)]

Column J: #/Circuit

Total number of items per the full TF circuit

Column K: ∑R@T0

Total contribution of items to TF circuit resistance.


= [#/circuit] * [ R@T0]

Column L: Max Current

Current required for 0.3T @ 0.854 m

B = µ0NI/2πr

I = 2πrB/µ0N

=2*π*0.854*0.3/(4π*1e-7*36) = 35.58kA

Column M: Max ESW

Max equivalent square wave.

Column N: Maximum ∑I^2R

Max ohmic power.

Column O: Max ∫i^2(t)dt

Max integral of i^2(t) dt for each coil.


= [Max Current]^2*[Max ESW]

Column P: Max ∫j^2(t)dt

Max integral of j^2(t) for each coil.


= [Max ∫i^2(t)dt]/[CSA]^2

Column Q: Tfinal

Final coil temperature, based on G function.


= 0.13608 + 4.5496e-15*(Gzero +  [Max ∫j^2(t)dt])+ 



+ 5.3309e-32*(Gzero +  [Max ∫j^2(t)dt])^2

Column R: ∑Wloss

Final dissipation, based on H function.


= -1.1183e6 + 3.4362e6*[Tfinal]

Column S: Avg Loss

Average  dissipation.

Column T: Hole Dia

Cooling hole dia (inner and outer legs only).

Column U: Hole Area

Coolant hole area.


= π *([hole dia]^2)/4 * [ hole diameter]

Column V: Velocity

Coolant velocity (an input for the inner legs, outer legs in series at same flow).

Column W: Flow

Mass flow.


= [flow/path] * [hole area]

Column X: Total Flow

Total mass flow.


= [flow] * [#/circuit]

Column Y: Reynolds Number


= density * hydraulic diameter * velocity/ dynamic viscosity


= 1000 * [hydraulic diameter] * [velocity] / 1e-3

where hydraulic diameter in m, velocity in m/sec, water coolant (1e3 kg/m^3) density, 1e-3 newton-sec/m^2

Note: for circular hole, hydraulic diameter = diameter

Column Z: Friction factor


= 0.316/[Reynolds Number]^0.25

(valid for 3000 < Reynolds Number < 30000)

Column AA: ∆P

Pressure drop.


= 1/2 *[friction factor] * [path length] / [hydraulic diameter] * 1000 * 
[velocity]^2

Path length in meters

Water coolant density = 1000kG/m^3

Column AB: Rtherm

Thermal resistance of water coolant in deg C/watt, based on mass flow in GPM.


= 1/264/[flow/path]

Column AC: Cp

Heat capacity of water cooled conductors at 20C.


= [length]*[CSA]*[density copper]*[specific heat copper]

Column AD: Net Cp

Total Cp of water cooled conductors in cooling path. 

Column AE: Tau Thermal

Thermal time constant,


= [Rtherm] * [Net Cp]

Column AF: Vmax

Max applied power supply voltage, equal to one series D-site power supply sections @ 1012.85 volts.

Column BC: Stress Factor

Fraction of [Vmax] which can appear between adjacent turns. For the TF center stack bundle, turns 1 and 36 face each other, with turn 1 in the outer turn set of 24, and turn 36 in the inner set of 12.  So the stress factor is 1.

In the outer legs, turns 3 and 36 are adjacent, so the stress factor is (36-3)/36 = 33/36 = 0.917

See attached winding pattern diagram. 

Column BD: Emax

Max volts per mil.


= [Vmax] * [ stress factor] /([turn-turn]*1000)

