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Introduction

NCSX utilizes a liquid nitrogen distribution system (LN2 System) to provide cooling to the Modular Coils (MC) and the PF and TF coils (Conventional Coils) during bakeout and standby operation and cooling after operational shots.  An analysis was performed to determine the size and flow rates for coolant lines required to deliver the prescribed quantity of heating/cooling and to determine the thermo-hydraulic parameters of the system.  
Performance Requirements and Criteria

The NCSX Vacuum Vessel Systems Requirements Document requires that:

· The vacuum vessel and interior components must be capable of baking at 350 C and maintained at 40-80 C before and after operational shots.
· The vacuum vessel must be capable of baking at 150 C before and after operational shots during MIE operation.
· Upgrade operation will use 12 MW of heating for 1.2 seconds duration. 

· The vessel must be operated with a rep rate of fifteen minutes at maximum heat operation.
· The LN2 system must maintain the MC and Conventional coils at 77-80 K during the standby and bakeout operations and return the coils to this temperature in the prescribed time between shots. 
· Pressure in the system must be sufficient to maintain single phase liquid flow at all times.
Reference Documents

Temperature rises and minimum flow rates were derived from the following documents:

NCSX Poloidal Field Coil

Final Design Review on 2/20/08

ICD-131-62-01
TF Coil Cooling Requirements
NCSX-CALC-14-002
Modular Coil Thermal Analysis

Coil_flow_d.xls
Spreadsheet deriving results referenced in this DAC (attached).
Cooling Circuit Configuration 


Thermo-Hydraulics

Methodology
The analysis was performed on MICROSOFT EXCEL using standard fluid flow equations and iterating to find the net pressure drop across the parallel flow circuits. 

The hose lengths, hosing diameter, coolant flow rate, and system pressure were input as variables.  The outputs from the spreadsheet were, film coefficients, friction coefficient, Reynolds numbers, and the net pressure drop.  Pressure drops in the corrugated hoses are assumed to be three times the value calculated for the equivalent smooth pipe, per manufacturer’s recommendation.
Liquid Nitrogen Material Properties

Cp=
2.04

spec heat (J/g-K)

p=
0.809

density liquid (g/cm^3)

k=
0.00134
conductivity (w/cm-K)
u=
1.53E-03
dynamic viscosity (g/cm-s)
a=
8.12E-04
diffusivity cm^2/s

Pr=
2.33

Prandtl number
v=
1.89E-03
N2 kin. viscosity (cm^2/s)

po=
10

atmospheres

Proposed Tracing


ID

ID
Length tracing     Length tracing            Flow required


(in)

(cm)
       (ft)

(m)

           (gpm)

MC
0.18

0.46
      
 12

 4


1.04

TF
0.312

0.79
       
355

108


1.60

PF1
0.354

0.90

0

0


1.10

PF2
0.354

0.90

0

0


1.10

PF3
0.354

0.90

0

0


1.10

PF4
0.354

0.90

861

262


1.10

PF5
0.354

0.90

1100

335


1.10

PF6
0.354

0.90

786

240


1.10

PF1A
0.354

0.90

178

54


1.10

spares









0.50

The base pressure of 10 atmospheres is derived from an analysis of the MC coil during an operational shot which predicts a temperature excursion up to 93 K with a flow of 1.04 gpm and a velocity of 4.5 m/s in the tracing. This corresponds to an absolute pressure of 5 atmospheres at saturation temperature. The pressure drop in the PF and TF lines, at the required flow rates, is on the order of 4.5 atmospheres; therefore the total absolute pressure in the system must exceed 9.5 atmospheres to maintain single phase flow; a value of 10 was chosen to provide safety margin for miscellaneous losses due to valves, fittings, etc.



Results

The baseline system operated at 10 atmospheres pressure, with 1/4 inch inside diameter and 3/8 inch inside diameter hose, is shown below.
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Corresponding flow characteristics for flow parameters above.
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Losses in headers and ring manifolds
There will be some additional pressure losses in the 2 inch supply headers and the 1.5 inch branch lines in the manifolds:
[image: image4.emf]inside  maximum maximum

diameter flow rate velocity loss per m

inches l/s m/s Re friction (atmos)

MC header 2.049 3.7 1.75 481,257 0.012 0.003

MC branch 1.592 1.9 1.45 309,704 0.013 0.003

TF header(upgrade) 2.049 1.2 0.58 158,996 0.016 0.0004

TF branch 1.592 0.6 0.48 102,319 0.018 0.0004


Pressure drop in the ring headers is insignificant due to the low flow velocity.

These are values for the maximum flow condition in the Upgrade operation using all the spare coolant lines. Entrance and exit losses are not included. 
Conclusions

· 1/4 inch ID braided hoses for the MC coils and PF1 and 3/8 inch ID hoses for PF 4,5,6 with 10 atmosphere nitrogen can meet the operational requirements.  Some small changes in hose length will occur since the final design of the system is not complete but not enough to significantly alter the overall flow conditions or enough to change the conclusions.  
· The nominal pressure drop in the hosing is modest, and flow is sufficiently balanced not to require any active control or valving.  It will require a single in-line valve in each return header to limit flow and balance the two systems. Varying the length of the MC hoses +/- 25 percent had little effect on overall performance with total flow over the range changing only 13%.
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