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Abstract: Virtual Leaks

Behavior of equipment when flown to the edge of space can
vary dramatically from what is observed on the ground, so we set
out to build a facility we could use to simulate the pressure
extremes experienced in such a flight.

A virtual leak behaves like a normal leak to the system, but there
are no leaks to outside air. Virtual leaks can be very difficult to
detect. Sources include:
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Our goals were to design and build a portable system with a
large and easy-to-access chamber that could reach high vacuum
pressure, using both a mechanical and diffusion pump. We wanted
to use primarily surplus and hand-made parts, using as few
purchased parts as possible. We also wanted to build a system
that could obtain significantly higher vacuum levels than needed
for flight testing so that it could also be used for semiconductor and
other material science research.
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A 1/16™ inch gap in the bottom of a 1/4 inch hole contains =0.6
Torr-liters of gas (equivalent to 6X10-3 Torr in a 100 liter chamber).

There are a wide variety of issues that can cause problems in a
system this highly sensitive. There are several strategies used to
avoid, detect, and solve these problems. We successfully

A single fingerprint can outgas 10~ Torr-liters/sec.

constructed a system that has been, and will continue to be, used Measuring Vacuum

In a wide variety of other student research projects. Analog Gauge Strain Gauge
Defining Vacuum R=pl
A
Class Pressure (Torr) Fraction of STP
Rough Vacuum 750 - .75 1/1,000 Figure 2. 3D model set up to m.akg planning, V — IR
- 3 adjustments, and changes easier in design phase.
High Vacuum 7.5x103 - 7.5x10°/ 1/100,000,000 I y Figure 12. A strain gauge measures current
Ultra High Vacuum 7 5x107 — 7.5x10-14 1/10 quadrillionth I ° o ° 7 Figure 11. Analog pressure gauges Fhrough a set of resisto.rs. When the.material
°o o B (dlgphragm) are sensitive to pressure IS stretcheq the length increases .W|.’]I|e the
5 ) /'n'\ - 8 which bows the material. They measure cross sectional area reduces. This increases
STP —-1.0 atm. = 1.01x10°> Pa = 1.01 bar = 760 Torr G Len e gauge pressure and work at rough vacuum the resistance of the material which will
o % [0 ranges. change the voltage drop across the center.
Deep Space ranges between 10° to 10 Torr. - j
. 2€CP 5P J Figures 4 & 5. Vanes I Thermocouple gauge lon Gauge
High-Altitude Research Balloons range between 760 to 0.8 Torr. are in a constant state b
of pumping gas out of [P il © Grid e Collector
the system. (Rotation Filament 1\\:%?
. . IS clockwise. ‘ieedthrough pins &<_ | :
Particles in a Vacuum ) M= s

Chemical Makeup of Air

Diffusion Pump

envelope - |

[ -\
-.r.ngm] Sl =
YRy O
K .|‘_"'-' !

. . N2 78.08 % Thermocouple
° ~ 0 0 0
Air = 78% Nitrogen, 21% Qxygen 0,  2095% Figure 6. A diffusion pump creates a
101° molecules per cubic cm 'é;) '333/3/ pressure difference within the pump using l
2 . 0 Vacuum

vaporized oil to force gas particles to the g

Ne 1.8x103 % —
e Rouah Vacuum = 102 to 102 Torr ) Ry bottom where they are drawn out by the
1815 molecules per cubic cm Cﬁl 2.02§10-4<yz ROtary Vane Pump mechanical roughing pump. Vb N oG Figure 12. Thermocouple gauges operate Figure 14. An ion gauge has a filament that
P K 1 1x104 % , | | |0n the principal oLthermaI fconducti\;ity. Iln gets hot enough to release electrons that
: _ _ _ H 5 0x105 % ' ' ' Figure 7 & ower pressures there are fewer molecules ionize the gas molecules. The gas
° ngh Vacuum = 102 to 108 Torr NZO c 0§10-50/z Diffusion Pump Ol p ~ to absorb thermal energy. Temperature is molecules are then attracted to the
10° molecules per cubic cm o 8. 7%105 % * The oil must have a high 4 measuredd andfcallllaratTd tg read pressure cathode where they become neutralized
0 7.0x10% % molecular weight, low reactivity ( Y\ % & proclict of mo ecuar densiy. and create a current. The current will
HO 1579 ’ ’ ) Thermocouple gauges operate in higher decrease as molecular density decreases.
: ' and low vapor pressure medium vacuum ranges. lon gauges can measure high to ultra high
Note: If molecules were to stick to a surface, using kinetic theory of BP~230-270 degrees C. C y oy vacuum ranges.
a gas, at10 Torr it takes 1 second to cover a surface with : Ot" Vapor droplets Zre moving
. : : at supersonic spee
ntaminatin ... it would take 100 seconds at 10 Torr. .
contaminating gas ould take « Back-stream into the system. [
Figure 7. Diffusion pump with
Mean Free Path dill Christmas Tree removed. Figure 9.Cold traps to ain
Figure 1 Figure 8. Christmas Tree prevent back-streaming of oil
- - into the system.
1 Oil Comparisons |
: PX302-300GV Pressure Sensor Calibration Flgure 15 TeSt gas
V2PN dz Motor oil - Vapor Pressure = 0.88 Torr |
besides the VP. motor oil contains many , Figure 15. Circuit layout designed for building an
tami ¢ h’ g b Ik dditi O“m*@”“’/// electronic readout for calibrated strain gauge. - 17
- contaminants hydrocarbons — alkanes, additives, i Calibrati in- | igure
When the mean free path IS |arge’ normal _ y 7 Figure 16. Calibration of strain-gauge at 10V.
: ; . corrosion control compounds, etc.) s
fluid dynamics breaks down. This changes $6 for 1 liter I I Figure 17. External leak detection is done
the Pumbpina behavior of a gas. Short Mean Free Path Long Mean Free Path _ _ T ) Figure 19 by spraying helium on parts of the system
ping J Atmospheric Pressure Low Pressure Mechanical pump oil — VP = 10-° Torr ~ Figure 16 - where a leak is possible or suspected. A
- : : | o/ leak detector is a vacuum system equipped
Figure 1. The mean free path is the average distance $65 for 1 gallon — | _
Id eal GaS L aw between collisions of one particle with another particle. our Diffusi ’ ] . | Figure 20 ggtiiii%ii??ﬂﬁéﬂi |§f (;]aeﬂit)rlle of
In a vacuum chamber, ur I_USIOﬂ pu_anp 0! _ - P T | .
ressure chanae is a L . . . — VP = 6.65x10° Torr (max vacuum = 3.99x10) Figure 18. Graph of pressure during near-
nRT P g Kinetic Th th tant t
P — : inetic Theory is another important concept in a vacuum $125 for 500cc space flight test of ozonesonde in Ack | =
— v Change = the number of chamber when mean-free-path is relatively long. Kinetic Theory chamber cknowleagements.
particles in the system. of Gas as;,urr?es: I\:Ir::ltte_r IS rr;a;ﬂe of ptgrltlc_les of Il_d(_ekl;lltlcal Scllzt?\’ Diffusion pump oil — VP = 6.65x10-20 Torr Figures 19 & 20: Graph and zoom of This project was funded by the Val A.
- mass, and shape, the size of the particle is negligible, and the . . _ _
* Assume particles have no volume . interactions are coliisions, which are perfectly elastic. $890 for 500cc et gﬁgcv?nésétg; gggn% ;thc')”;gag:‘;fo Browning Foundation and the Weber
= ™ 3 . . .
* Assume no intermolecular forces $6,365 for 1 gallon W Inearcontrolled leak valve. State UnlverSIty Department of PhyS|CS




