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Overview/Summary

Status of injector
• Design status
• Selected examples of mechanical design
• Schedule overview

Analysis of tracking requirements based on chamber pressure
• Coefficient of drag
• Target displacement
• In-chamber tracking likely required for chamber pressure > 10-4 Torr
• Methods of in-chamber tracking

Electromagnetic injector is being modeled as a backup to the gas gun
• Advantages for power plant use



The Experimental Target Injection and Tracking System
Final Design Review will be held at GA on 16 November
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Final check of drawings and design documents prior to procuring equipment



Detailed design work has been accomplished
Document type  
Drawings  
PFD and P&ID 
Mechanical Assembly  
Weldment  
Control Block Diagram  
Electrical Schematic  
Miscelaneous  
 
Word Documents  
System Design Descriptions  
QAPD 
Technical Spe cifications  
Equipment/ instrument lists  
Miscelaneous docs   

 



Design Example:
Exploded view of revolver chamber assembly
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Design Example:
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A change from the PDR is use of pulsed laser illumination
of position verification cameras
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Significant drag occurs even at low chamber gas densities
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Coefficient of Drag vs Velocity
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   At lower (<~ 5 mTorr) pressures CD does not change with density.
Therefore the drag force increases linearly with density.
   For low density (< 50 mTorr), the drag coefficient is cut in half as speed
increases from 200 to 400 m/s. Therefore, FD ~CDv2 increases linearly rather
than quadratically with speed.

Range of interest

*Pressures at standard temperature

Based on DSMC 
drag force calculations



Drag induced target displacement is quite large even at
modest operating pressures (i.e. 5 to 50 mTorr)

Assumptions:
Xe gas in chamber
Target speed = 400 m/s 
2 mm radius target 
4 mg target

Only external target tracking requires
1. Operate at <5××××10-6 Torr or

2. Know pressure to ±5××××10-6 Torr
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In-chamber tracking is required for higher pressure ops

Conclusion:
Need to track to within 1 m if pressure is known to 0.5 mTorr
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Gas density fluctuations affect required tracking distance

5 mTorr 10 mTorr 50 mTorr
5% Fluctuations 1.3 m (3.2 ms) 0.95 m (2.4 ms) 0.46 m (1.2 ms)
10% Fluctuations 0.95 m (2.4 ms) 0.66 m (1.65 ms) 0.33 m (0.83 ms)
50% Fluctuations 0.42 m (1.1 ms) 0.30 m (0.75 ms) 0.15 m (0.38 ms)

Assumptions:
Shot to shot chamber gas density is unknown to ± fluctuation value
2 mm radius, 4 mg target moving 400 m/s
Target velocity is well measured
Xe gas drag ±10 micron affect on target position

Even 5% fluctuations of 5 mTorr chamber gas
requires tracking to within 1.3 m of chamber center



Windspeed fluctuations affect required tracking distance

Normalized wind speed 5 mTorr 10 mTorr 50 mTorr
5% Fluctuations 1.3 m (3.2 ms) 0.95 m (2.4 ms) 0.46 m (1.2 ms)
10% Fluctuations 0.95 m (2.4 ms) 0.66 m (1.65 ms) 0.33 m (0.83 ms)
50% Fluctuations 0.42 m (1.1 ms) 0.30 m (0.75 ms) 0.15 m (0.38 ms)

Assumptions:
2 mm radius, 4 mg target moving 400 m/s 
Shot to shot normalized wind speed is unknown to ± fluctuation value
Target velocity is well measured
Unknown wind affect on drag has ±10 micron affect on target position 
Drag force is proportional to target velocity relative to chamber gas

(true for <~50 mTorr gas and velocity < ~400 m/s)

Same table applies as for gas density variations 
Normalized wind speed is chamber gas speed divided by target speed

Resultant velocity, force or  displacement 
components are independent

Force or  displacement due to target velocity

Force or  displacement 
due to wind speed



Direct view of backlit target is the
“baseline” in-chamber tracking method
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An interferometric tracking method may also be possible
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An electromagnetic injector has advantages for production use.

Being studied as a backup to the gas gun
Advantage: Repulsive force allows potential for self centering low wear operation
Strategy: Computer modeling of injector operation to facilitate design.

Building small scale experiment to verify computer model IAW FY 99 plan
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Summary and Conclusions

Injection and tracking experimental design 
• Project is proceeding on schedule
• The target injection and tracking system final design review is this Friday

In-chamber tracking
• External tracking of direct drive targets requires pressure known to ~10-5 Torr
• 0.5 mTorr Xe pressure uncertainty requires tracking to 1 m from center (Direct Drive)
• A fractional change in normalized wind speed affects target trajectory 
   same as an equivalent change in gas density
• “Baseline” in-chamber tracking is modified external method

• Mirrors and optical filters will be added
• Stand-off distance is greater implying more diffraction

• Interferometric target tracking is being investigated

Electromagnetic injector
• A non-contacting electromagnetic injector is being modeled as a backup to the gas gun


