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1. INTRODUCTION

Currently, a number of diverse efforts are underway toward modeling and diagnostics of
the electrothermal-chemical (ETC) gun. These efforts have been initiated primarily in the past
two years, include Government (Army, Navy, DNA, and DOE), university, and industry, and
are funded by both private and Government sectors.

The three (Army, Navy, and DNA) major Government programs associated with
development of ETC technology have target dates of FY92 for assessment. Thus, a need
exists to increase and encourage progress toward understanding the dominant physical
mechanisms in the ETC gun, which hopefully, will result in improved control of the interior

baliistic process.

As a means of addressing the above concerns, a JANNAF workshop on Electrothermal-
Chemical Modeling and Diagnostics was held July 9-11, 1991, at the U.S. Army Ballistic
Research Laboratory, Aberdeen Proving Ground, MD. The objectives of the workshop were to
assemble experts, drawn from gun, plasma physics, engineering, and related disciplines from
Government, industry, and academia to examine theoretical methodologies and experimental
approaches and data, and to review and evaluate the present state-of-knowledge in the ETC
gun. Specifically, the workshop objectives were to:

- Survey methods of modeling interior ballistic process, particularly the interaction of the
plasma and the work fluid.

- Summarize the areas of agreement and determine diagnostic experiments needed to
validate hypotheses and provide input for models.

- Identify diagnostic experiments which may impact modeling.
- Assess the state of plasma modeling and diagnostics for ETC guns.
- Identify gaps in experimental and theoretical investigations.

- Recommend future ETC gun research areas.




Workshop participants jointly summarized current modeling and diagnostic efforts in the
U.S. and experimental measurements needed to improve ETC models. Their summary is in
the form of the following charts:

a. Current ETC Modeling Activities in the U.S.
b. Diagnostic Measurements Desired by ETC Modelers
¢. Current ETC Diagnostic Activities in the U.S.

d. Use of Diagnostic Measurements Desired by ETC Modelers

The dialogue between modelers and experimentalists will, hopefully, provide a common focus
for future work.
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PLASMA DISCHARGE IN THE ELECTROTHERMAL GUN

John Powell
US Army Ballistic Research Laborato
Aberdeen Proving Ground, MD 21005-5066

ABSTRACT

We discuss a simple, one-dimensional, steady-state model for analyzing the
properties of the plasma discharge in an ET capillary. The purpose of the
calculations is to provide information concerning the plasma which can ultimately
be used as input in more general and more comprehensive electrothermal gun models.
Assumptions and approximations germane to the calculations, particularly those
which lead to a significant simplification of the model, are discussed in some
detail. The results of some calculations are then compared with various
experimental data and possible causes for discrepancies discussed. Particular
emphasis will be devoted to a discussion of recent improvements in the model,
as well as to plans and the rationale for future extensions.
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DIAGNOSTICS AND MODELING OF AN ELECTROTHERMAL
PLASMA SOURCE EXPERIMENT (SIRENS)

J. Gilligan, M. Bourham, O. Hankins, and R. Mohanti
North Carolina State University
Raleigh, NC 27695-7909

ABSTRACT

The electrothermal gur. SIRENS was designed to explore plasma-surface
interaction phenomena and has had over 250 successful shots over a three year
period. Current diagnostic techniques include discharge current and potential
measurements, erosion depth measurements of the different components (discharge
cathode, source insulator, barrel and target materials), heat flux measurement
(from temperature rise of the target), emission optical spectroscopy (along the
axis and from the side), chamber pressure, and average plasma velocity. Additional
diagnostics will be added for plasma-fluid interaction measurements to measure
the resistance of various capillary configurationwith different fluids, potential
drop and heat flux along the axial direction, axial velocity distribution, plasma
temperature and density, and evaluation of drag forces. This will include a
series of thermocouples, B-dot probes, absolute pressure transducers, fiber
optics (to Photomultipliers and OMA), He-Ne laser cut off and X-ray radiography.

Modeling within the group has focussed on plasma-surface interaction and
source plasma behavior. A 1-D, time dependent MHD code (MAGFIRE) including
radiation transport has been developed and used to predict energy transport
through a plasma boundary layer. A global, time-dependent code (ZEUS) which
includes non-ideal plasma effects has been develoged and successfully used to
predict plasma conditions in the electrothermal plasma source as temperature,
pressure and erosion rate of the insulator. A 1-D version of ZEUS will be needed
for future large devices where pressure and combustion oscillations and coupling
with the combustion chamber will become important. A model and code for
plasma-1liquid interaction is currently under development at the droplet interface
level hat will emphasize the role of radiation transgort in predicting propellant
combustion rates. This model should become a part of a larger combustion chamber
model that includes cavity formation, droplet formation, combustion processes
and momentum transfer.
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Current Projects

EXPERIMENT

Erosion measurements in high heat flux plasma device--SIRENS
Develcpment of plasma diagnostics (heat flux, tempurature, etc.)

Magnetic vapor shield physics

COMPUTATION

Modeling of SIRENS physics
Non-ideal plasma effects
Ablation physics at surface

Turbulent plasma boundary layer analysis
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SIRENS Operational Characteristics

Discharge potential

Peak current

Peak pressure

Discharge period

Plasma density

Peak plasma temperature
Average plasma temperature
Average plasma velocity

INPUT ENERGY
( kJ)

N N b WN

87

1-6 kV(10kV max.)
up to 100 kA

> 1-33 kbar

100 usec
1025-1026m-3

4-6 eV

1-3 eV

9-19 km/sec

RADIATED POWER
(GW/m2)

2.8

8.5
15.6
23.6
32.5
43.8
59.4




ATINASSY  NAD

VHSVLd

v (Ul Ay dnoagy €019
-SOULAETP 0] JUTMOTTE) SUOTIISS OM)]

FETTRIN

1531
yIaAnNn
IVIYILVH

Ve

dvil

AN ONIT00D
IANDVH

HOnRO¥NLQ33d
N4904LIN a1ndii

NN

DNNN

03UT P3PLIATP ST Joudew 3ya 1rY)
90170U OSTY “7yTun BurTo0d aungnj
pue Jaufew 8yl JO UOTIBIO] SITION
*SNTYIS JO M31A TBUOTY08S-680U)

YITHVILD
__—Hanova

YoLVINSHI

88

TR AT S K TE Y L O At A N A

IR R M W TTTTEE AR R U R

LINIDVH

1HON0YHLA3AS
JIN3UUND LINOVI




0@
L 864

S &

L 2

BRASS CYLINDER

SS BARREL WITH SAMPLE

b &4 &

- N

......................................

--------------------

LA L4

MMM
SRR RN RN BRI

&l

¢

¢4$

¢

N

ELECTRODE
WITH

TUNGSTEN
ALLOY TIP

TUNGSTEN ALLOY CLECTRODE

LEXAN INSULATOR
WITH SLEEVE

The plasma source and the barrel assembly
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SIRENS Simulates EML Conditions

plasma temperature up to 5 eV

plasma density up to 1026 per cu. meter
plasma pressure up to 1 kbar

exposure times 10 - 100 microsec
plasma velocities up to 12 km per sec
heat fluxes up to 1011 W per sq. meter

similar ablation boundary layer physics
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PLASMIA DIAGNOSTIES (up to IS channels)

- Rogowski Coils (4) (cischarge current, plasma current,
magnet current)

- B-Dot Loops (4) (without barrel or with special barrel)
- Potential Probe (discharge potential)

- Monochromators (2) w/ fiber optics (time-resolved
spectral lines)

z- Optical Multichanne! Analyzer (time-integrated visible
spectrum)

- Magnetic Probe (rmagnet B-field)
- Thermocouples (2) (heat flux)

- Pressure Tranducers (4) (time-resolved absolute
pressure)

- Lasers with Photo-Transistors (2) (plasma/projectile
velocily)

MATERIAL DIACSNOSTIES

Microbalance (weight loss)

Scanning Electron Microscopy (SEM)

Energy Dispersive X-ray Analysis (EDXA)

Auger Electron Spectroscopy (AES)
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40}
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:
10 = MAXIMUM
it —{— SURFHEAT |
=~ SOURCE RESULTS
o.l..l....l....l...L
1 2 3 4 5
Input Energy (kJ)

Heat flux calculated by SURFHEAT according to the
measured temperature profile, compared to the source
fluence calculated from the source ablation and the
transmission factor. The maximum corresponds to the
heat flux produced by the net input energy to plasma.
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PRESSURE TRANSDUCERS PRESSURE

RELIEF
YALVE
DIAPHRAGM
(& V 1
DIAGNOSTICS
(FIBER OPTICS, DIAPHRAGM
CONDUCTIVITY PROBES,
THERMOCOUPLES,

STRAIN GAUGES)

] JL

N el N

PLASMA SOURCE REACTION CHAMBER EXPANSION CHAMBER
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Conductivity
probes

Pressure transducers

Strain gauges

Fiber optics
Conductivity probes
TC TC
Strain gauges Pressure transducers
TC TC

Fiber optics

Plasma-fluid reaction chamber diagnostics arrangement. Strain
gauges, conductivity probes, fiber optics, thermocouples, and
absolute pressure transducers are arranged to measure at different
locations along the axial direction.
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Plasraa-fluid image converter
reaction chamber framing camera

A

Do

o

=

TRW Model 1D

Framing photography arrangement

Framing photography of a water droplet exposed to an arc between

two pointed electrodes
104
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OUTLINE

Plasma-Surface (solid,liquid) Interaction Modeling

® Modeling of ET source region
Non-ideal plasma effects

Materials erosion studies

° Modeling of energy transport through the
boundary layer in the ET source

Radiation transport

[o]

New boundary layer model for ETC
combustion chamber

°  What is modeled that can be measured?
(or vice versa)
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YAPOR SHIELD PROCESS

RADIATION
—_— SOLID SURFACE
(S= o T4)
N MELT LAYER
(q°=¢s)

L
—

ABLATIVE PLASMA
SHIELD

TIME

NET
EROSION F
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MAGNETIC YAPOR SHIELD

RADIATION
—_—) SOLID SURFACE

(S= ¢ T4) E

N MELT LAYER

AN [
/ N
=
—> : §
ABLATIVE PLASMA \
SHIELD \
\
v
TIME
NET '
EROSION —
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Equation of Particle Conservation

dn _ . _n
dt T
Energy Equations
Plasma d(nl) U
n 2 n
= -Vgq-—
dt nJ 1 T
Radiation
g = foT,
Circuit Equation
dI qe
—_— = =W
Ldt + RI + C 0
where
sl
=z
N = Ne~i + Ne=n
dq.
i I

f = fraction of black-body radiation

Plasma parameters are volume averaged quantities
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Method for Determination of Internal Energy

Internal Energy

zZ
U(T, Z) = [‘;i(z FOT, + S L+ (2 - 2)Iz4]

1=0

Average Charge State

| AT?/?
I(Z +3) = Tin(—2-)

n

where
Z : Average Charge State of Plasma

I : Ionization potential  (eV)
T, : Plasma Temperature  (eV)

n : Plasma density (m™3)

A =6.04x10?7  (eV~¥2 m~?)
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Table 2: Summary of the theorctical results of Powell and Zielinski (ideal plasma)

S\
>
3]

Shot \,Th T .Pun

# | Volts | (cV) | (MTPa) (p m)

2 1221 | 1.78 | 18.1 |{0.37| 37.0

4 1708 | 2.51 53.2 [0.66 | 91.0

S 1894 | 2.76 | 725 |0.72| 118.0

6 1894 | 2.79 | 73.0 |0.74 | 122.0

8 1960 | 2.94 81.5 | 0.80] 141.0

Table 3: Summary of our thcoretical results for an ideal plasma

Shot | Vru T P an VA Az
# | Volts | (c¢V) | (AMPa) (p m)

2 1430 | 1.60 } 21.0 |{0.40| 41.0

4 1650 | 243 | G2.0 [0.67{ 90.0

) 1820 { 2.72 | 84.2 |0.74 | 112.0

6 1821 | 2.75 | 835.6 |[0.75] 116.0

8 1930 2‘93[ 97.0 |0.80| 133.0
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Mass flow rate (kg/s)

01

0.4

0.3

0.2

LARSILENND ARNL A R AR B

1 v vy

2x10™* 4x10™* 6x10™* 8x10~*

Time (secs)

Figure 9: Mass flow rate as a function of time for Case 1,11
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103

Table 5.2: Models for Normalized Electrical Conductivity, o°, as given by various
authors

— e .~ —
—— —— — — —

Authors Models for &

Spitzer rn‘%h

Zollweg & Liebermann m
. a Au/kT w/kT)?
Kaklyugin & Norman 1;(_‘\;?6 u/ (1 - L“/zTL)

1-(1—e‘<"7)’)e"7
aiting/(14A%)+co(1+c173/3)-1

a Ap/kT (1 _ %wszl‘
Present Model n{1+14AL 73 € (1 w/kT+0.8 )

Kurilenkov & Valuev

a, : correction for electron-electron interactions
.

A : substitute Ap by modified screening radius [51]
A1 @ substitute Ap by r,

co = 0.8658; ¢; = 0.17
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Equation of Motion

Ou d V., N -
a _— —VE(P+q)+ —;—ronx (B,‘M+Be:rt)

Energy Equations

Plasma
oT, 0 oT. 3P, .. -
C, 6tp — amo(rnp a:)— 6T’VTp—qV+A—J+‘I’
P
Radiation
OFE% 8 6F% 4 .
v &Rzamo(""sl’i 8rR)_-§EIgZVGAg+Jg g=1...

Magnetic Diffusion Equation

where d
— 72, 0T
¥ = nJPrdmo
G ¢
A= z A? = copER
g=1 g=1
G G
8rT3 [Tott z3
J = J? = AP =
gz=:1 gz_:_lc?h2 P./, dze’—l ' *
cV
K,'g-,z = é;%
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Energy in Vapor Shield, J/m?

10 Ld AERARARARE | T vTorrrrrry T T vrvvvrg T T 7 rrrg

vV YyYryreyy

a Total
i b Ionizatiom
105 ¢ Thermal

Radiation Fluence

e Kinetic

vy
a.

¥ Radiation

L

g Conductinn Fluence

10°
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v

10*

vvryverg

1000

A AAAAAll

100 £
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10 ] s 2 sl R | i FU S\

1078 1077 108

Time, sec

Fig. 5 Energy in Vapor Shield for an Iron
Black body Radiation
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Table

Summary of Parametric Studies for Vapor Sitielding Effect

Energy reaching wall, J/m?
Transmission factor f, %
Erosion Thickness, ym
Energy reaching wall, J/m?
Transmission factor £, %
Erosion Thickness, um

7.8x10°

22.7
0.8

20.5
24

10.7
1.9

Source || Black body Temp., eV 2 3 5
Beat Flux, W/m? 1.6x10'° | 8.3x10° | 6.4x101
Pulse Length, usec 10 10 10
Energy Fluence, J/m? 1.6x10® | 8.3x10% | 6.4x10°¢
Iron || Energy reaching wall, J/m* | 3.8x10* | 9.0x10* | 2.6x10®
Transmission factor f, % 23.0 108 | 4.1
Erosion Thickness, um 0.7 1.5 4.5

1.7x10° | 4.5x10°

7.1
6.4

3.5
4.6
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Photon Transport in VS Plasma

¢ Radiative Transfer is the dominant mechanism

o LTE for VS Plasma
o Multigroup Flux Limited Diffusion Model
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Photon Energy, eV

Radiation Flux at lron Wall Surface Subjected to

a 3 eV Blackbody Radiation ( 10 us, Flux Limit = (c/2) U, )
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)

Sontinalty -3-:—-au+a—y—ov-0 . (1)
Momentum (x component)

N, Ny AP N oyery | 62
p(“7x+vay) dx*ay(“ay au'v’) ouByo (2)
Energy

3¢ T 3¢ T 2

B P LGB T u 2p2
plu =5t Y — Uty (k ay)*" ) * U Byo (3)

+nb'1‘ -a.RER*rturbulenttenm

where u and v are the veloclty canponents in the x axd y directions.
respectively, UTVT is the perturbed (turbulent) correlation according to the
usual Reynolds stresses, u is the viscosity, o is the conductivity, Byo 1s the
transverse applied magnetic fleld, «R 1s the Rosseland radiation absorption
coefficient, ER is the radiation density and ap 1is the radiation emiss‘cn co2f-
fintont,
Tre equatlion-of-state will be calculated as a perfec:t :1s with
P=poRT(L+2z) (4)
where z 13 the average charge state determined from Saha equilibrium (found to

be valid). The radiation transport 2quation is

9

3 Er

¥ KR(_ay “ E'.R - Tp (5)
where KA 1s the radiation conductivity.

The equatlon for the turbulent kinetic energy E_ has the Kitamura form

2
2 1k 2 k k
v M oX - - — - 2 K s ~wyk
° M|y +T’< 3y +“ay""’ 0.0954 OOSOBYOE- lt.(s)

where ¢4 1s the eddy diffusivity for momentum.
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FINITE ELEMENT ANALYSIS OF ENGINEERING
ELECTROMAGNETICS OF ETC GUNS

R. L. Boggavarapu
General Dynamics Land Systems Division
Warren, MI 48090-2074

ABSTRACT

Finite Element Electromagnetic Analysis has been used to determine the
non-uniform current distribution and magnitude of electromagnetic forces asso-
ciated with the large transient currents, such being used in ETC guns. A
commercially availab%e program, MSC/EMAS, which solves for the magnetic vector
potential is currently being used to help in analyzing different configurations
of conductors and interconnections and in the selection of different materials.
Examples of work in progress, on a static solution for a two-dimensional model
and a transient solution for a three-dimensional axisymmetric model are presented.
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Figure 11. Transient excitation used
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OVERVIEW OF GEL/SLURRY PROPELLANTS

A. J. Bracuti and D. S§. Chiu
US Army Armament Research, and Development & Engineering Center
Picatinny Arsenal, NJ 07806-5000

ABSTRACT

Gel/slurry propellants have been formulated and fabricated at ARDEC as part
of the liquid propellant program because they have been considered potential
candidates for both spray injected and bulk-loaded gun systems. The rationale
for this was based on a combination of properties unique to the gel/slurry
propellant system. These properties are high/energy density and non-Newetonian
liquid behavior. This paper discusses a few representative formulations and
their associated properties.
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ELECTROTHERMAL-CHEMICAL (ET-C) ALTERNATE PROPELLANT SYSTEMS
INVESTIGATION AND STUDY EFFORT

Hugh McElroy, Olin Ordnance
and
Gene Rothgery, Olin Chemicals
and
Eckard Schmidt, Olin Rocket Research

ABSTRACT

1) A report on the status of work performed under Contract DAAA0S5-90-C-1061
during the first 3 quarters.

2) A brief outline of the future direction of the program.
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NAME

RAN

DEG

H20

ELEC

ET-C CANDIDATES
BLAKE RESULTS

THE COMPOSITION IS

PCT WT PCT MOLE DEL H-CAL/M FORMULA
77.068 66.889 -8.7600E+04 N H o
2 4 4
19.218 15.096 -1.5000E+05 c L] 0
4 10 3
3.713 17.181 -6.8315€+04 L] 0
2 1
.000 .834 2.3780E+06 ELEC

THE HEAT OF FORMATION IS -877.46 CAL/GRAM = -7.3143E+04 CAL/MOLE.

THE ELEMENTS AND PERCENT 8Y MOLE

N
H
0
c
ELEC

13.680
46.311
33.748
6.175
.085

ET774K41

* % SUMMARY OF PROPELLANT THERMQ PROPERTIES * *

TRUNCATED VIRIAL EQUATION OF STATE WITH L-J 6,12 POTENTIAL IS BEING USED

RHO/L TEMP PRESSURE IMPETUS MOL WT CO-VOL FROZEN CP(FR)
MPA /6 GAS CC/G  GAMMA J/MOL-K
295.02 1228.6 23.180 .835 1.2036 53.13 19.79 412,

G/cc X
1) .2000 3425.

B(T) C(T) GAS voL S N 3
CC Ccu**6 CC/G J/G-K  J/6 /G
1 000 10.15 -2196.2 -3671.3 1.4018 1.2006

ADEXP PHI

237




ON IN3DOHid
00L 06 08 0. 09 O0S Oy 0e 02 Ol 0
00V L
_h 1dp
— 1= 00G1
\E\
|4 = — x:\itoom_.
el
[ EIOONP
4\\&\
\\

ANVHLIWOHLIN - 00€1ON
SN13diNi D141I03dS 'HO3IHL

(99/r%) SNL3dNI

FJINVNONO
unge

238




ET-C CANDIDATES
BLAKE RESULTS

NAME PCT WT PCT MOLE DEL H-CAL/M FORMULA

NM 80.156 99.237 -2.7900E+04 c H N 0

NC1310 19.844 .005 -1.6508E+08 o L] 0 N
6000 7382 10237 2618

ELEC .000 .758 2.3780E+06 ELEC

THE HEAT OF FORMATION 1S -245.01 CAL/GRAM = -1,8516E+04 CAL/MOLE.

THE ELEMENTS AND PERCENT BY MOLE

¢ 15.716
L] 40.343
N 13.549
0 30.302
ELEC .09

NM -NC  ET561KJ1

* * SUMMARY OF PROPELLANT THERMO PROPERTIES * *

TRUNCATED VIRIAL EQUATION OF STATE WITH L-J 6,12 POTENTIAL 1S BEING USED
RHO/L TEMP PRESSURE IMPETUS MOL WT CO-VOL FROZEN CP(FR) B(T) C(T) GAS \OL S ] E ADEXP PHI

G/cc K MPA 4/6 GAS CC/G GAMMA J/MOL-K CC CM**§ CC/C J/G-K  J/G J/6
1) .2000 3607. 361.21 1422.3 21.083 1.062 1.2327 45.12 23.91 480. 5.000 10.36 780.9 -1025.1 1.5196 1.2698
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ET-C CANDIDATES
BLAKE RESULTS

THE COMPOSITION 1S

NAME PCT WT PCT MOLE DEL H-CAL/M FORMULA
NC1300 81.892 .296 -1.6591E+08 [ H [¢] N
6000 7416 10168 2584
pl:1d 8.076 29.206 -2.0140E+05 c H 0
16 22 [3
TAGN 10.032 60.427 -1.1500€+04 c H N 0
1 ? 7 3
ELEC .000 10.071 2.37BOE+06 ELEC

THE HEAT OF FORMATION IS -315.42 CAL/GRAM = -3.1752E+05 CAL/MOLE.

THE ELEMENTS AND PERCENT 8Y MOLE

c 22.606
H 33.180
0 32.460
N 11.655
ELEC .099

EGP 12kJ1

* = SUMMARY OF PROPELLANT THERMO PROPERTIES * *

t
TRUNCATED VIRIAL EQUATION OF STATE WITH L-J 6,12 POTENTIAL IS BEING USED
RHO/L TEMP PRESSURE IMPETUS MOL WT CO-VOL FROZEN CP(FR) B(T) C(T) GAS VOL S W
G/ K MPA J/G GAS CC/G GAMMA J/MOL-K  CC CM**6 CC/G  J/G-K /G

13 ADEXP PH1
J/6

1y .2000 3152. 306.87 1196.5 21.901 1.101 1.2512 42.28 26.04 534 5.000 9.62 216.6 -1319.7 1.5612 1.2823
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SOLIDS CONTENT IN EXHAUST
OF CANDIDATE ET-C PROPELLANTS

:
R A A A N 2 5

SR e

B

i}

SANOS IN3OH3d LHOI3M

Clin
ORDNANCE




T ———————————
FJINVYNANO

urs

¢ MSV1

244



R ———————AGANNSSNNSSSSSSe_sSSSSS_-—————
FJINVYNAHO

uns
S3TdWVS d3.10313S NO
S3IDHINI NOLLVAILOV IANINYIL3A ‘S1SIT0Sa 3UdNO0D
‘1S1T NVWMVHLS 40 S,050 3131dINOD ‘HALHVYND LX3N -
MON FTEVIIVAY S3ALVAIANVYD D0 0¥ dOL 40 ONILSIT -
MON JT1aVIIVAV SALVAIANYO JHH LI dO1 40 ONILSIT -
319271100 133HS Vivad A134VS TVIHILVIN 318aVIIVAVY -

3181SSOd
DNILLHOS HIHLO ‘WHIHLOX3 40 1ISNO A€ DNIHIQHO -

ASv3134 34nLnd (S31dNVS ¥8) Sasvda viva osa -
SIHNLXIN ANV ..SHIXHVIN.. NO S1S31.0SA 09 ~ -
ALNIGILVdINOD AHVINIHd HO4 S3HNLXIWN 38NL 1S31 -
I ISVL NOH 10313SNMOd SLINIS3Hd3H -

245

(1661 ‘C2 AINI) SNLVLS
ALIGVLS GNVY E_.__vw,,_wﬂn_soo IN3IIG3IHONI
Z




e —
FJINVYNANO
uns

"sjuejjadoid paziis)oeleyd
-||9M O} 3je|al 0} }saldjul aAljeredwod jo aq Ael
"Ajljiqels abelo}s 0} jeuoljsodosd ABIBUD UOIJBAIIOY e

"'S3lepIpuUBRD Pa}oa|ds J9A0D O} pPalinbal aiow [eI9AS e

246

‘wnulwnje ‘sA pajenjeAa sued Sse|L) e

‘pa}a|dwod sajepipued alysayd jsow jo §,98Q o

¢ JSVL




DSC -

GLASS vs ALUMINUM PANS

450. 0 Glass crecible V(”“H'- —~
™ a0y -
'] m 30%
400.0 1 P 30%
330. 0 1
§ 300.0 1
b
} 230.0 4
200. 0
150.0 4
100.0 i(__-\f—___\w
0.0 4
0.0 T 1 T T Y Y T T T T
0.0 75.0 100.0 128.0 150.0 175.0 200.0 225.0 230.0 275.0
elury Teaperoture (°C) RCY
BEL REF EL I AL iRpEC:
A { » SEB.0C
0SC Dote File erd .
Sowple Veights 9. 880 og PERKIN-ELMER
Thu Sep 13 17:00: 17 1000 7 Series Tharmol Analysis System
bRB872-4
380.0 4
Aluminum pan
" eon
300.0 4
HN 30
I mo 4/,\/'L/—/]
g !
« 200.0 4 l
3‘ :
150.0 4 :
100. 0 4
$0.0 4
i
O'OJ T T ST T -7 T T —
SQ. 0 75.0 1100.0 125.0 150. 0 175.0 200. 0 225.0 250.0
Temperoture °0) RCY
;g ‘. .&:s TIME & 0.0 min Ravg 3, 10.0 C/atn
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DSC RESULTS - ET-C ALTERNATE PROPELLANTS

OXIDIZER FUEL DEC. ONSET oC PAN MATER. REF # REMARKS
HN  AH 300 EXO G B96869-8

EDDN AH(gel) 290 EXO G B96872-1 VESSEL BURST
HN  NM/NMP 260 EXO G B96872-4

TAGN AH 250 EXO G B96869-5

EtNENA NC 233 EXO G B96879-6

DNPN AH 229.2 EXO G B96879-2

DNPN 228 EXO G B96876

EtNENA 227 EXO G B96879-5
HAN TEANW 226 EXO G B96891-1 LP1846
HAN  NMP 225 ? G B96869-6 BR. GAS, REFLUX.
HAN UDMHN/ 225 EXO Al B96858-5
HAN  MMHNW 224 EXO G B96891-12
HAN NM/NMP 220 ENDO G B96872-2 VESSEL BURST
DNPN NM 210.4 EXO G B96879-3
HAN HNTO 210 EXO G B96869-2

EINENA TAGN 210 EXO G B96879-7
HAN  NMP 208 ? Al B96869-6 PAN LEAKED
TAGN NC 207 EXO G B96869-4 DETONATE?
HAN 4ATAW 195 ENDO Al B96857-1 LEAK?
DNPN NC 194.7 EXO Al B96879-1

TAGN NC 190 EXO Al B96869-4
HN  NM/NMP 190 ENDO Al B96872-4 PAN LEAKED
HAN TEANW 187 EXO Al 8968572 LP184S
DNPN TAGN 1865 EXO Al B96879-4

TAGN AH 180 ENDO Al B96869-5

DNPN NM 176.3 ENDO Al B96879-3 PAN LEAKED
DNPN 175 ENDO Al B96876 PAN LEAKED
HAN TAGN 175 EXO G B96869-1
HAN EDNA 170 EXO G B96869-3
HAN HNTO 152 ENDO Al B96869-2 PAN LEAKED
HAN PEGW 151 EXO Al B96857-5
HAN TAGN 150 ENDO Al B96869-1 PAN LEAKED
AH BORON 138 ENDO Al B96869-7 PAN LEAKED
HAN  NM/NMP 135 ENDO Al B96872-2 PAN LEAKED
NM NC 130 ENDO Al B96855 PAN LEAKED
EDDN AH(gel) 130 ENDO Al B96872-1 PAN LEAKED
AH BORON 125 EXO G B96869-7 ALSO AT 200 & 235
HAN EDNA 120 EXO/END Al B96869-3 PAN LEAKED
HAN  TFTA 120 EXO G B96872-3
HAN  TFTA BROAD ILL DEFINED Al B98672-3
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WHAT'S WRONG WITH THERMOCHEMICAL CODES
APPLIED TO ETC SYSTEMS?

Eli Freedman
Eli Freedman & Associates
Baltimore, MD 21209-1525

ABSTRACT

The rocket-propellant community for more than 35 years has obtained
thermochemical data for the hot gases formed by its compositions from the NASA
code called (in its latest version) CET89. This solid gun-propellant community
for much of that time obtained the corresponding data for its compositions from
the 'BLAKE’ code. Both programs have for better or worse become virtual de facto
standards for their respective applications. It was only natural, therefore,
for ETC workers to apply one or both of these programs to their systems.
Unfortunately, the results have not been completely satisfactory.

This paper undertakes to examine the reasons for this partial failure,
especially for 'BLAKE’'. Among the more important are: 1) its neglect of ions;
2) its omission of condensed phases from some of the computations; 3) its cranky
operation, particularly when solids are formed; and 4) the occasionally wild
values of gamma (the ratios of the two specific heats) that it produces. Items
1 and 3 are among the strong points of the NASA program; its main defects are
its limitation to ideal gas systems, and its failure to compute properly the
ratio of specific heats for systems containing large amounts of solids.

The ability of 'BLAKE’ to compute non-ideal gas corrections has long been
viewed as its strongest point, but the quality of those computations has never
been seriously investigated. (Item 4 in the preceding paragraph probably arises
from a defect in computing these corrections.)

Some suggestions for improving this unhappy state of affairs will be briefly
discussed.
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ASSESSING ETC PERFORMANCE
FOR SYSTEMS INTEGRATION

L. E. Harris and B. Knutelsky
US Army Armawment Research, and Development & Engineering Cent ¢
Picatinny Arsenal, NJ 07806-5000

ABSTRACT

Electrothermal/chemical (ETC) propulsion is a candidate for use in future
Army tank and artillery gun systems. In ETC propulsion electrical energy is
input directly into the gun chamber through formation of a plasma to control
and/or augment the release of chemical energy from the propellant. The detailed
chemical iinetics and fluid dynamics processes involved in generation of the
plasma, time dependent mixing of the plasma with the working fluid and subsequent
releasc of energy resulting in gasification of the working fluid are not known
in detail. However, first order models exist for formation of the plasma jet
and che interior ballistics of the gun such that with proper coupling upper bound
escimates can be made for the gun system performance.

The initial plasma considered is composed of partially ionized hydrogen and
carbon atoms of sufficient density that it is optically thick and behaves at
steady state as a black body. Internally heat exchange in the plasma is
predominantly radiative. Using these assumptions, the plasma model allows
calculation of plasma temperature, pressure, density, resistivity and wall
ablation rate.

The interior ballistic model is highly idealized, consistent, with system
considerations. Initially the breech pressure is assumed constant until the
working fluid is exhausted after which the resulting gases are expanded adia-
batica%ly. For conventional guns the above model, while accurate as an upper
bound to within 5-10%, does not give a representative pressure time or travel
curve. However, for ETC guns the plasma time pulse can be shaped to approach
the constant breech pressure optimal performance. This optimal shaping is
predicted by the coupled plasma model.

A preliminary design is presented for a subcaliber vented vessel/gun
geometrical scaled to a 120mm tank gun. ETC pressure time traces are compared
to model predictions. The model is also used in investigation of a ETC 120mm
tank gun for enhanced performance.
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Ballistic Research Laboratory
Aberdeen Proving Ground, MD

Workshop Chairman: Ms. Gloria P. Wren
Workshop Co-Chairman: Dr. Arpad A. Juhasz
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A G E N D A

Tuesday, July 9, 1991

Registration
Welcome I. May
Administrative Remarks G. Wren

SESSION I: SERVICE USES OF ETC GUNS & PLASMAS
Chairman: W. Morelli, EAPO

"National Electric Gun Reviews and Implications
for the Army’'s ETC Gun Technology Program” W. Oberle

"Electrothermal Gun Demonstration Program" C. Dampier

10:
10:
10:
11:

11:

12:

NN R e

40

05

115
:30
145
115
:30

.00

:30

: 00

"Electrothermal (ET) Gun Program" S. Fowler
Break
"Plasma Discharge in the Electrothermal Gun" J. Powell
"Diagnostics and Modeling of an Electrothermal J. Gilligan
Plasma Source Experiment (SIRENS)" 0. Hankins
"Finite Element Analysis of Engineering
Electromagnetics of ETC Guns" R. Boggavarapu
Lunch
SESSION II: PROPELLANTS

Chairman: C. Dampier, NSSC
"Army Atlernate ETC Propellant Program" D. Downs
"Overview of Solid Propellant ETC Guns" A. Juhasz

"Overview of Gell/Slurry Propellant"

Break

"Electrothermal-Chemical (ET-C) Alternate
Propellant Systems Investigation and Study

A. Bracuti

Effort” H. McElroy
"What’s Wrong with Thermochemical Codes

Applied to ETC Systems?" E. Freedman
"Assessing ETC Performance for

Systems Integration” L. Harris

Adjourn

328




10:
10:

11:

12:

12:

:00
:05
135

:05

140
255

25
45

15

15

115

:30

:00

130

: 00
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Wednesday, July 10, 1991

SESSION III: MIXING & CONTROL
Chairman: D. Downs, ARDEC

Administrative Remarks G.
"Electrothermal -Chemical Gun Program" R.
"Diagnostics Development for the ETC
Program" D.
"Development of an Upwind/Implicit Computational
Model for the Advancement of Army ETC Guns” S.
Break
"Recent Advances in CAP, Gun Modeling" D.
"30-MM ETC Ballistic Diagnostic Facility" K.
"Numerical Simulation of the Interior Ballistic K.
Processes in an ETC Gun" F.
Lunch

SESSION IV: MIXING & CONTROL

Chairman: S. Vosen, SNLL

"Finite-Element Modeling of Electrothermal-
Chemical Guns" N.
"Special Diagnostics and Instrumentation" R.
Break
"First Principles Modeling of a DNA 60mm ETC
Gun Design” CcC.
"Physics of ETC Plasma-Fluid Interactions” B.
"Observations and Modeling of Fundamental
Electrothermal Gun Phenomena" H.

Adjourn

Bus leaves from Sheraton Inn to the Inner Harbor
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Thursday, July 11, 1991

SESSION V: LESSONS LEARNED FROM OTHER FIELDS
Chairman: J. Gilligan, NC State U.

"Electrothermal-Chemical Gun Modeling”
"Railgun Research Qelevant to Electrothermal Guns"

"In-Bore Position and Velocity
Measurement Techniques"

Break

"In-Bore Acceleration Measurements with an
Instrumented Railgun Projectile”

Group Discussion and Wrap-up

Adjourn
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Department of Nuclear Engineering
Box 7909
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(919) 737-7662

Dr. Arthur Bracuti

US Army Armament Research, and
Development & Engineering Center
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Ballistic Research Laboratory
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Aberdeen Proving Ground, MD
21005-5066
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US Army Armament Research, and
Development & Engineering Center
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