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FOREWORD
This work was performed as an in-house effort by the author for the
Acrospace Power Division, Air Force Aero Propulsion Laboratory, Wright-
Patterson Air Force Base, Ohio, The work was accomplished under Task No.

314102, Project No, 3141, "El:zctric Propulsion Technology."

This effort was conducted between November 1967-Qctober 1965, The re-

port was submittad by the author in January 1969.

The author wishes to express his appreciation to Mr. E. Francescone,

technician, from the Air Force Aero Propulsion Laboratory, for his assistance.

Publication of this report does not constitute Air Force approval of the re-
port's findings or conclusions. It is published only for the exchbange and stimu-
lation of ideas.
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PHILIP E, STOVER
Chief. Propulsion and Power Branch
Acrospace Power Division
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ABSTRACT -3

Thrustors capable of high exhaust velocity (specific impulse) and efficiency
are desirabie for space propulsion. During the past few years, research to
achieve these goals has been in progress on the formation and acceleration of
ckarged liquid droplets. To date this research has led to the development of
charged particle sources in the 10 to 500 . lb thrust range, with specific im-

; N pulse values on the order of 600 to 1.90 seconds, which appears to offer greater
promise in space applicaions.

)
oo | il

Since mission lifetimes of 30, 000 hours and higher are anticipated, it is
desirsble to obta.. some indication of the lifetime that can be expected from

all

" the metal capillary needles which generate ihe charged liquid droplets. Life

Aty

tests totalling 3687 hours were performed on a three-needle colloid source.
After these tests, the platinum capillary needles appeared to be in excelient
condition, which indicates that needle life should satisfy mission requirements.

oty i ka1
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(This abstract is subject to special export controls and each transmittal i
to foreign governments or foreign nationals may be made only with the prior s
approval of the Air Force Aero Propulsion Laboratory, APIE-1, Wright-
Patierson Air Force Base, Ohio.)
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SECTION 1
INTRODUCTION

Ry estabhishing an atense electric field on the surfacce of a conducting
{luid at the tip of a metallic capillary tube, the cleetrical forces on “ae charge
carriers overcome the surface tension forces and cause the liquid surface to
rupture, which results in the formation of small charged droplets (colloids).
The droplets, depending upon their charge and mass, can acyuire an appre-
ciable velocity as they pass from the region of bizh electric ficld intensity,
The spraying process can be controlled by varying the capillary potential and
propellant feed pressure. The schematic of a laboratory colleid source is

shown in Figure 1.
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A three-needie colloid flight qualified thrustor system being developed
under AT Contract 33(615)-1141 by Thompson Ramo Wooldrige Systems Inc. ,

is shown

a.

in Figure 2, This system is designed to the followir parameters:

4 micropounds thrust at 600 seconds specific impulse and 8

mi.cropounds thrust ar 900 seconds spccific impulse,
Maximum power requirements of § watts.

System weight (dry) of 9 pounds.

Neutralization accomplished with a hot wire.
Maximum needle voltage of 8 KV,

Thrust levels sufficient to provide attitude control and

Eas.- + station keeping for a sateliite in a symchronous

or:

A three-needle colloid gource developed under this contract was deliverea

to AFAPL 1n August 1967 for life testing,; this source is shown in Figure 3.

These life tests were conducted to indicate whether or not the capillary needle

life is critical to the system operation. This report presents the results of

these life tests,

2
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Figure 2. Colloid Microthrustor Experimental System
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SECTION II
TEST SETUP

i The three-needle colloid source was installed in a bell jar vacuum facility

' for the life tests, as shown in Figure 4. Pumping was provided by two 6-inch
diffusion pumps with cold traps and the necessary forepumps. Chamber pres-
L sure was held on the 10"6 mm Hg scale during source operation, Two 50--gallon
i liquid nitrogen dewars were used to operate the cold traps; they were filled ap-
proximately every 2-1/2 days. Positive needle voltage was supplied by a 60 KV
- laboratory voltage source; the extractor was held at -200 volts bias with a 500
volt power supply.

If the pressure increased to 10_4 mm Hg during operation, due to a leak or
pumping failure, the pump gate valves would close and the voltage supplies would
shut down so as to prevent arcing damage (o the colloid source. No back-up
capability was available in case of a power failure.

. The colleid source was .nounted 15 inches above a time -of-flight (TOF)

; collector, with the beam directed downward, as shown in Figure 5. The pro-
pellart reservoir was made of copper and mounted outside the vacuum chamber,
with a copper feed line to the source. Gas pressure was used to force the pro-

| pellant (15 gm of sodium iodide in 100 mi glycerol) to the source. The TCF
collector was used for determining the propulsion parameters. After a few days
operation, however, the beam spread was s0 wide that most of the beam cur-
rent was missing the coilector and TOF information could not be obtained,
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SECTION Il
TEST RESULTS

The first life test lasted for 1293 hours. It was terminated when a power
failure permitted the propellant to form a droplet between the capillary needle
and the extractor and cause a short circuit. The excess propellant could not
be burned off by applying voltage, so the vacuum chamber had to be opened and
the source examined. The needles themselves looked very good and clean, but
the extractor appeared to have deposits from back-sputtering and areas with
evidence of beam interception, as shown in Figures 6, 7, 8, and 9. These
needles are platinum with a 6 mil ID and a 10 mil OD, The extractor and ground
plane are made of stainless steel,

From these tests, recorded values for needle current, needle voltage,
feed pressure, and temperature vs. time are plotted in Figures 10, 11, 12,
and 13, The current varied widely; part of this variation is due to temperature
variations, since the propellant viscosity is sensitive to changes in tempera-
ture. Other factors contributing to the current variation are probably back
sputtering of neutrals and the formation of secondary electrons from the ex-
tractor due to beam impingement.

Extractor current was not monitored on this test. A wire screen was
wrapped around the propellant feed line inside the vacuum chamber and held
at the same negative bias as the extractor to prevent electron current {rom
reaching the feed line. Thus, any beam impingement on the screen would have
shown as part of ‘he extractor current, but it should have been no more than
a small percentage. The extractor current, however, was monitored on the

second life test,

It was thought that the excessive beam spread might be due partly to the
propellant feed pressure being too high. On the second life test, using the same

source, the feed pressure was lowered and the extractor current was monitored.

This test lasted 2393. 3 hours and was stopped when all the beam current was
reaching the extractor.

i alshublillii
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Figure 6. Source /fler 1253 Hours of Testing

Figure 7. Tip of Needle 1 After 1293 Hours
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Figure 8. Tip of Needle 2 After 1293 Hours

Figure 9. Tip of Needle 3 After 1293 Hours
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Two power failures occurred during this 2400-hour run, but the source
was restarted after both of these failures, Operation was more erratic after
these failures, however, probhably because the propellant had worked its way
around the tip of the needle while the power was off. A glycerol film formed on
the needles, which when bombarded by electrons from the extractor or cther
sourca, turned into a tar-like deposit. As the tar depesit increased, the cur-
rent decreased and the spread in the beam became excessive. Thus, the test
had te be terminated. After the test, the needles were. examined, One needle,
the one with the highest flow impedance of the three, had no tar deposit. The
higher flow impedance of this needle prevented the glycerol from working its
way around the needle tip as easily as in the other two; thus, no tar was built
up. The beam spread may have been enhanced also by neutral particles in the
chamber being deposited on the needle tips and wetting them, thus enabling the
glycerol to work itself further around the tip of the needles.

Beam current, needle voltage, temperature, extractor current, and feed
pressure vs. time are plotted in Figures 14, 15, 16, 17, and 18. Source oper-
ation was obviously degraded after the power failures, A TOF trace shown in

Figure 19 was taken at the start of the test and the following parameters were
obtained:

Thrust — 17 micropounds; efficiency — 75%; and specific impulse —
200 seconds.

Figures 4, 5, 20, 21, and 22 show the spray pattern of the beam, which
indicates a hollow conical beam, The clean arcas are where the beam was im-
pinging. The needles with and without tar deposits are shown in Figures 23,
24, and 25. Figure 26 shows the same needles after cleaning. The capillary
needie tips appeared to be in good condition afier the test. The color cof the
deposits on the source and vacuum chamber was a gold-brown, which indicates
that iodine probably came out ~f solution when the beam hit a surface.
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Figure 20. Beam Spray Pattern
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Figure 21,

Beam Spray Pattern, Opposite Side From Figure 20
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Figure 23.

Vigure 24.

Tar Deposit on Tip of Needle 1

Tar Deposit ou Tip of Needie 2
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NEEDLE |

L

Figure 25,

Figure 26.

Tip of Needle 3
(No tar deposit)

\

Necdie Tips After Cleaning

NEEDLE 2
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SECTION IV |
CONCLUSIONS - ' :

The long lifetime n2cessary for space propulsion devices to provide satel-
lite attitude control and station-keeping prompted an investigation to determine
the lifetime of the metal capillary needles used in colloid thrustors. A three-
needle capillary source was subjected to two life tests totglling 3687. 3 hours.
After these tests, the capillary needle tips were in excellent condition, which
indicates the needles will meet mission life requirements.

In these tests, failure occurred when the beam spread until most of the
beam current hit the extractor plate. This beam spreading was due to the pro-
pellant werking itself around the tip of the needle and spraying sideways. This
phenowenon couid be caused by excessive feed pressure, powel failure, neutral
deposition on the needle tip by back sputtering, or a combinationrof these fac-
tors. Once the beam hit the extractor, secondary electrons bombarded the
needle tip and turned the glycerol into a tar-like substance; this tarry substance
further aggravated the beam spread.

[

it appears from these tests that the lifetime of a colloid source will be
substantial if glycerol is prevented from working itself around the needle tip,
the needles are shielded from electrons, and neutrals in the vacuum chamber
are prevented from depositing themselves on the needle tips. These findings
can be confirmed by flight test or pussibly by testing in a large vacuum facility
where ncutral deposition can be made negligible,

27
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to the development of charged particle sources in the 10 to 500 i ib thrust range, with specific
impulse values on the order of 600 to 1500 seconds, which appears to offer greater promise in
space applications.

Since mission lifetimes of 30, 000 hours and higher are anticipated, it is desirable to obtain
some indication of the lifetime that can be expected from the metal capillary needles which
generate the charged liquid droplets. Life tests totalling 3687 hours were performed on a three-
needie colloid source, After these tests, the platinum capillary needles appeared to be in ex-
cellent condition, which indicates that needle life should satisfy mission requircments.

(This abstract is subject to special export controls and each transmittal to foreign governments
or foreign nationals may be made only with the prior approval of the Air Force Aero Propulsion
Laboratory, APIE-1, Wright-Patterson Air Force Base, Ohio.)
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