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REQUIREMENTS FOR ARMY APPLICATIONS

CLOSED SYSTEM:

BLOW DOWN: CHEMICAL PUMP ,

RECIRCULATING: LITHIUM SCRUBBER (L, F Q&

SOLID GRAIN GAS GENERATORS:

F2 (FROM NF4 B F4)

D2 (FROM ND3 B D3)

N2 (FROM NA N3)

TWO COLOR OPERATION:

DF 3. 8 pM
DF -' CO2 10.6 pM (9.6 pM)

, VAVCO EVERETT



SCOPE OF TECHNOLOGY DEVELOPMENT

TASK 1: ANALYSIS

KINETICS AND LASER PHYSICS

MEDIUM QUALITY

FLOW SYSTEM ANALYSIS

SCALING ANALYSIS

TASK II: SELECTION DESIGN AND FABRICATION

CONFIGURATION CHARACTERIZATION

CONFIGURATION DEFINITION

PERFORMANCE DIAGNOSTICS

TEST PLAN

o 1PDR - CDR

FABRICATION AND ASSEMBLY

TASK III: DIAGNOSTICS AND PERFORMANCE TESTING

SINGLE PULSE TESTING

REPETITIVELY PULSED TESTING

DATA ANALYSIS AND CORRELATION

TASK IV: SCALABILITY DFSIGN/ANALYSIS.

CONCEPTUAL DESIGN

I

S.



A

TEST CONFIGURATION REQUIREMENTS

REQUIRED PROPOSED

(FUEL VOLUMETRIC EFFICIENCY e,(j/y) 20-50 j/Z <34 j/L

*PULSE LENGTH T1-10 p~sec 1-10 pisec

PULSE RATE v 25 pps 0-30 pps

RUN DURATION 1-5 sec 0-1.6 sec I,'-

CAVITY VOLUME >20 9.t 22.5 .

CAVITY PRESSURE <1.0 atm 150-760 torr

CONFIGURATION ELEMENTS

GAS VALVING AND MIXER SYSTEM

LASER CAVITY

INITIATION SYSTEM (REP. PULSE)

OPTICS

ACOUSTIC SUPPRESSOR

DIAGNOSTICS

p.'
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TEST MATRIX PARAMETERS

CAVITY PRESSURE

DF AND DF * C02 MODES

DILUENTS: HE, N2, AR, NF3, SF6

STABILIZER:

GENERATOR PRODUCTS: NF3, CF4, N2

SEEDANTS: SF6, NF3
INITIATION LEVEL

DIAGNOSTICS TO DETERMINE

ENERGY PER PULSE

PULSE SHAPE

-TIME DEPENDENT SPECTRA

INITIATION SYSTEM CHARACTERISTICS

F2 DISSOCIATION LEVEL

TIME DEPENDENT PRESSURE AND TEMPERATURE

MEDIUM HOMOGENEITY

t* TIME DEPENDENT GAIN

MODELING IS REQUIRED TO SUPPORT THE ABOVE

KINETICS (P.S.I./AERL)

E-BEAM DEPOSITION (AERL)

ACOUSTIC RECOVERY (AERL)

l e7AVC0 EVERETT
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AERL-PCL FACILITY

ELEMENT MODIFICATIONS IN MICOM PROGRAM

SINGLE PULSE REP PULSE

FLUIDIC VALVING YES NO

GAS MIXER NO NO

LASER CAVITY NO NO

ACOUSTIC SUPPRESSOR NO NO

FLOW CHANNEL STRUCTURE YES NO

JET PUMP YES NO

GAS SCRUBBER NO NO

E-BEAM FOIL AND SUPPORT NO YES

CATHODE YES NO

PULSE FORMING NETWORK N.A. YES

MODULATOR N.A. YES

FACILITIES NO NO

OPTICS TRAIN STRUCTURE YES NO

OUTPUT WINDOW NO NO

DIAGNOSTICS AND CONTROLS YES YES

(~~ 4il % 4L -
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54 FT. I

ft CAPACITOR BAN

MARX GENERATOR
a Hv UNIT

M OULO SCRUBBER
HULSE J XHUS

&FLUORINE c

x MUFFLER

[II. oJET PUMPS-/"

SEND FLOW G0

42 FT.

E CONTIIG

SREEN ROOM

-C E9466

Figure 2.3.2 AERL-PCL Facility Floor Plan
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1TO VACUUM PUMP

EXHAUST TO
ATMOSPHERE

2int

Figure 2.5.2 Sketch of Foil Fatigue Test Set-Up
A : Air Boundary Flow

14 : 12/ir Mixture Flaw
I : Valve and Mixer System

2 :Foil Holder and Foil Support Structure

3 10 lx 30Ocm Foil
4 :Spart Plugs
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SPECIAL PERFORMANCE DIAGNOSTICS

, F2 (NiF3) DISSOCIATION LEVEL

O LASER SPECTRA'

o TIME DEPENDENT GAIN.

• ',

-4

"N



F2 (NF3) DISSOCIATION LEVEL

OBJECTIVE: RELATE E-BEAM INITIATION CHARACTERISTICS AND GAS

COMPOSITION TO F-ATOM FORMATION. ({F)/{F2} - 5 )

MOTIVATION: .

0 COUPLE LASER CODE TO EXPERIMENTS.

• DEVELOP SCALING RELATIONS,

APPROACH: USE SINGLE LINE (V = !-*0) PULSED HF-PROBE LASER TO

MEASURE PRODUCT CONCENTRATION IN TITRATION REACTION:

F + PC HF + C±

P TASKS:

0 SELECT HF PROBE LASER (LuMoNiCS TEA 203),

. SELECT DETECTORS (MOLECTRON PYRCELECTRIC P3-01).

• IMPLEMENT HF CLEAN-UP OF F2 SUPPLY. (JgF s-".

* IMPLEMENT HC& INJECTION SYSTEM.

2 S IMPLEMENT HF CALIBRATION GAS FLOW SYSTEMS.
* IMPLEMENT DIAGNOSTIC OPTICS.

. ....

vi

i° '
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F2 (NF3) DISSOCIATION MEASUREMENT:

DESIGN CONSIDERATIONS

ABSORPTION LINE

I USE HF 1P8 LINE (2,783p) INSTEAD OF 1P4 LINE,

* TOTAL CAVITY LENGTH CAN BE USED AS ABSORPTION PATH,

PROBE LASER e , IOo - )e' ,J "

S LUMONICS TEA-203, SINGLE LINE OPERATION

I .< 50KW/CM2, -Q.5S

o TEST AND CALIBRATION BEAM INTENSITIES

I <<Is: AVOID HF BLEACHING

I: BEAM INTENSITY O1KW/CM2

I': SATURATION INTENSITY 1.7KW/cM2

DETECTORS

. PYROELECTRIC (MOLECTRON P3-01, TR- 507NS"

- V/I = 3UV/(KW/CM2))

O FILTERS AND FOCUSSING LENSES ON DETECTORS. .

CALIBRATION

O INTRA-CAVITY CALIBRATION

e CALIBRATION MEASUREMENT SIMULTANEOUS WITH

DISSOCIATION MEASUREMENT



LASER SPECTRAL MEASUREMENT

7. OBJECTIVE:

RELATE DF AND CO2 TIME-DEPENDENT AND TIME-INTEGRATED SPECTRA.

[ TO CAVITY AND INITIATION CONDITIONS.

MOTIVATION:

* ADDRESS MODE FORMATION

0 TAILOR SPECTRA TO REMOVE LONG WAVELENGTHS (74. ,,)

S PROVIDE DATA BASE FOR MODELING AND SCALING
,.2<

APPROACH:

" GRATING SPECTROMETRY USING EBERT-FASTIE CONFIGURATION

. IR PHOTOGRAPHY FOR TIME-INTEGRATED SPECTRA

- PYROELECTRIC DETECTORS FOR TIME-RESOLVED SPECTRA;

DIGITAL DATA ACQUISITION
4 ~~e h Jook & Qis~aw~~cu

TASKS:

. IMPLEMENT SPECTROMETER OPTICS

I *" SELECT AND CALIBRATE GRATINGS!: ... IMPLEMENT IR CAMERA.
0 IMPLEMENT DETECTOR ARRAYS6

* IMPLEMENT DATA ACQUISITION

:I TIME-INTEGRATED MEASUREMENT

0 TIME RESOLVED MEASUREMENT

I o"

,6j



DF SPECTRA
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4SPECTRAL MEASUREMENT:

i DESIGN CONSIDERATIONS

DF SPECTRAL RANGE

69 LINES iBETWEEN 3,581M AND 4.788iM &peJF 1o 4 ;g

* SMALLEST LINE SEPARATION: 0,003pM " --- ' a" --Z4

GRATING SPECTROMIETER

s EBERT-FASTIE CONFIGURATION

* MAXIMUM REVOLVING POWER: 0.00026pM

s LINE SEPARATION CAPABILITY:

TOLRANET ASA.= i,3CM/O,OlM

TOLERANCE TO INCIDENT BEAM JITTER:

Ae = . + 2.5m RAD

. N2 FLUSH TO AVOID ABSORPTION BY CO2,

TIME-INTEGRATED MEASUREMENT: IR PHOTOGRAPHY

0 PRINCIPLE: HEATING OF FILM BY LASER LINES CHANGES

FILM SENSITIVITY.

s LINEAR RESPONSE FOR J < 500 MJ/cM2 (SILVER HALIDE

EMULSION).

* QUANTITATIVE MEASUREMENT FOR ALL LASING LINES.

I IME-RESOLVED MEASUREMENT: PYROELECTRIC DETECTORS

1 10 STRONGEST LINES (3,8iM <x< 4.2iM) MEASURED BY

MOLECTRON PI-61 PYROELECTRIC DETECTORS,

* WORKING INTENSITY RANGE 0.04KW/MM2 <I < LKWMM2

* DIGITAL DATA ACQUISITION

',

-- **I~**%
4 I



TIME DEPENDENT GAIN

OBJECTIVE:

MEASURE LASER GAIN AT SELECTED WAVELENGTHS

MOTIVATION:

PROVIDE DATA BASE FOR SYSTEM DESIGN,

MODELING AND SCALING

APPROACH:

S FABRICATE PROBE DF LASER WITH 4 PSEC

PULSE TO MEASURE TIME-RESOLVED GAIN

8 LINE SELECTION BY 300 ,/MM "GRATING

* i TASKS:

S FABRICATE FLASHLAMP INITIATED DF \

PROBE LASER

6 IMPLEMENT OPTICS AND DETECTOR ARRAY

v GAIN MEASUREMENT

*' -r
7 * 4** 9%" * 9 • '
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TIME DEPENDENT GAIN: DESIGN CONSIDERATIONS

iw  4

DF PROBE LASER

R ~ FLASHLAMP INITIATED

7 LASER PULSE:

. - 4 Ps (FWHM)

1 ;200 W/cM2 PER LINE

I GAIN MEASUREMENT: ± 15% UNCERTAINTY WITH 100 CM

LONG OPTICAL CAVITY OF PROBE LASER

EXPERIMENTAL CONDITIONS

" TEST BEAM INTENSITY:

<<

T : TEST BEAM INTENSITY 
(10 W/CM

2)

"
Is : SATURATION INTENSITY (600 KW/CM2)

S LENGTH OF E-BEAM APERTURE:

. REDUCED TO 25 CM TO AVOID AMPLIFIED SPONTANEOUS

EMISSION (ASE) .

5- 
4 ,

iS

U

5-'5 , -~ ;.-**- . ~ .



SPECIAL PERFORMANCE DIAGNOSTICS:

STATUS

F2 (NF3) DISSOCIATION MEASUREMENT

* DIAGNOSTIC SYSTEM READY FOR SHAKEDOWN AND TESTING.

SPECTRAL MEASUREMENT

*o ASSEMBLY IN PROGRESS

STIME INTEGRATED MEASUREMENT:

*!! &SPECTROIETER READY FOR TESTING 3/26184.
* TIME RESOLVED MEASUREMENT:

- PYROELECTRIC DETECTORS DELIVERED3/12/84.
- INSTALL 1 DATA CHANNEL 3/19-3/2684.-4--
- IMPLEMENT DETECTOR ARRAY AND DATA ACQUISITION

SYSTEM 3/26-4/27/84.

- READY FOR TESTING 4/30/84. - -

TIME DEPENDENT GAIN MEASUREMENT

o TEST OPTICS COMPLETED

* PROBE LASER READY FOR SHAKEDOWN AND TESTING.

o TESTING 5/7/84 (TENTATIVE).
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