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Advantages of Small-scale Spacecraft:

Usinga constellation of vehicles and distributing the
payloads and tasks can greatly reduce the mission risk
by distributing the failure potential

Reduceshe launch mass, which can significantly reduce
mission costs and increase MIssion rat@8uelier, 1997

Achieves a highthrust-to-weight ratio

v

http://lwww.wired.com/wiredscience/2008/08/microspacecraft/
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Thrust values can range from micreNewtonsto
Newtons

D= 0.001m

http://www.ehéadget.com/2012/08/18/mit -microthrusters-for-cubesats/

Aow smatl as "smallsscak=’"2


http://www.engadget.com/2012/08/18/mit-microthrusters-for-cubesats/

However, on themicroscalen OEA CA

Fluid dynamics

U Increased subsonic boundary layer effects
U Heat transfer effects

Material properties
U Strength
U Thermal conductivity

Maror Mizroscale Desigreissiues
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In conventional (macroscalg rockets, performance is often evaluated in terms
of thrust (F;) and specific impulse [g).
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(M, and M, are the total spacecraft mass and the propellant mass,
respectlveﬁy.)

BVis directly proportional to u,, which is increased ad/, is decreased.
(Tsiolkovsky 1903

Maurostale Parooramaace



The exit velocity of the gas\,) is related to the operating conditions of the thruster and the
propellant properties, such as:

| chamber temperatures [,
il gas temperature {)

| chamber pressure )

i exit pressure (p,)

1 specific heat ratio )

Given these valuesy, canbe determined and used to calculate the thrustR;) and specific
impulse (Ig):
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Mazrosdale Performancea(cantg’d)



Produces gains inthrust-to-weight ratio (F/W).

Flow and performance parameters will scale differently
with the length scale(D), but the overall result is that

F/W Is inversely proportional to D.

lRocket: D=1m© F/WH uvm

{ Microrocket: D=p 1l I F/IWT® vmhnnm

As the system scale decreases, the surfatme
volume ratio increases, which reduces the thermal
mass of the flowand leadsto heat transfer effects.

Mizoothsester ScalhinG Effects



However, as the scale is reduced, viscosity and surface
effects increase. Frictional losses are determined by the
Reynolds number:
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(t subscript denotes throat conditions at the nozzleh,is the nozzle
heightin an extruded nozzle)

Characteristic length scales on the order of microns to
millimeters result in corresponding Reynolds numbers
of 1z 1000 within the nozzles. (say, 1999;3erman 2017

Scating Efifects=(icon&’d)



For an ideal nozzlep, = p,, the thrust equation can be
reduced to:

O 0

At conventional scales, the expansion raticA/A,) generally
determines the exit velocity, but with the increased influence
of viscous effects at smaller scales, it will decrease with the
Reynolds number.

Thrust can be related to the Reynolds number by the
following:
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Scaang Erfects=(con&’'a)



One study on scaling and performance oficrothrusters
(Bruno, et al., 2003) developed the following relationship
between Reynolds Number and Thrust:
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viscosity, { , a function of temperature, was replaced by ~{ , (T/T,)?°

[p (—) ] is denoted as thethermodynamic efficiency term

Scaiing Effects—(icont’'d)



To account for increased viscous losses at these
scales, the following correction factor was used.:

— ¢Opm(YQ pmn &

(This offers a simplified way to account for viscous
losses that would otherwise require much more
complex numerical 2D calculations. )sruno, etat., 2008

Scating Efifects=(icon&’d)



To maintain a desired

0.0025

5005
D [m]

Figure 1: Effective thrust (in N) map as function of the thruster size and chamber

Reynolds number.

(Bruno, et al., 2008
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\o%\_ small scales than at large
B e scales.

Possible ways to increase
Reare to increase the
chamber pressure (),
chamber temperature (T, or
T,) or gas temperature ().
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Improving geometry

IncreaseTg

Increase heat loss

)

Improvipgperfocat’ance?



Si Is the most widely usednicrofabrication
material

Si compounds can offer more strength

http://periodictable.com/Elements/014/pictures.html
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