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Introduction  

www.ece.ucdavis.edu/ misl/Web/Pages/vlm/vlm.jpg 
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Why microthrusters ?  

Advantages of Small-scale Spacecraft:  
üUsing a constellation of vehicles and distributing the 

payloads and tasks can greatly reduce the mission risk 
by distributing the failure potential  

üReduces the launch mass, which can significantly reduce 
mission costs and increase mission rates (Mueller, 1997) 

üAchieves a high thrust -to-weight ratio 

 

 

http://www.wired.com/wiredscience/2008/08/microspacecraft/  



How small is ñsmall-scaleò? 

Ȱ3ÍÁÌÌ-ÓÃÁÌÅ ÓÐÁÃÅÃÒÁÆÔȱ 

üȰÍÉÃÒÏÓÁÔÅÌÌÉÔÅÓȱ ɉÈÁÖÉÎÇ Á ÍÁÓÓ ÏÆ ρπ-100-kg) 

üȰnanosatellitesȱ ɉρ-10-kg) 

 

Thrust values can range from micro-Newtons to 
Newtons 

 

D=  0.001m 

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

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


Major Microscale  Design Issues  

·However, on the microscaleȟ ÔÈÅ ÇÁÍÅ ÃÈÁÎÇÅÓȣ 

 
üFluid dynamics 
üIncreased subsonic boundary layer effects 

üHeat transfer effects 

 

üMaterial properties 
üStrength 

üThermal conductivity 



Macro -  and Microthruster  
Perfomance  

http://history.nasa.gov/ap11ann/kippsphotos/saturn5.html 



Macroscale  Performance  

· In conventional (macroscale) rockets, performance is often evaluated in terms 
of thrust (FT) and specific impulse (Isp).   

 
· A ÔÈÒÕÓÔÅÒȭÓ ÆÕÎÃÔÉÏÎ ÉÓ ÔÏ ÐÒÏÖÉÄÅ Á ÆÏÒÃÅ ÔÏ ×ÈÉÃÈ ÔÈÅÒÅ ×ÉÌÌ ÂÅ ÁÎ ÅÑÕÁÌ ÁÎÄ 
ÏÐÐÏÓÉÔÅ ÒÅÁÃÔÉÏÎ ÔÏ ÍÏÖÅ Á ÓÐÁÃÅÃÒÁÆÔȟ ÃÁÕÓÉÎÇ Á ÃÈÁÎÇÅ ÉÎ ÖÅÌÏÃÉÔÙ ɉЎ6Ɋ Ȣ  
4ÈÉÓ Ў6ȟ ÔÈÅÎȟ ÒÅÑÕÉÒÅÓ Á ÇÉÖÅÎ ÔÈÒÕÓÔ ÁÃÔÉÎÇ ÏÖÅÒ Á ÇÉÖÅÎ ÔÉÍÅ ɉɝÔ).  It is related 
ÔÏ ÓÐÁÃÅÃÒÁÆÔ ÍÁÓÓ ÁÎÄ ÔÈÅ ÔÈÒÕÓÔÅÒȭÓ ÅØÉÔ ÖÅÌÏÃÉÔÙ ɉue) as follows: 
 

 

   Ўὠ όÌÎ
 

   

 
(Mo and Mp are the total spacecraft mass and the propellant mass, 
respectively.) 

  
· ВV is directly proportional to ue, which is increased as Mp is decreased.  

(Tsiolkovsky, 1903) 
 



Macroscale  Performance (contôd) 

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

 

¶chamber temperatures (Tc)  

¶gas temperature (Tg) 

¶chamber pressure (pc) 

¶exit pressure (pe) 

¶specific heat ratio (ɾ) 

 

Given these values, ue can be determined and used to calculate the thrust (FT) and specific 
impulse (Isp): 
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Microthruster  Scaling Effects  

Produces  gains in thrust -to-weight ratio (FT/W ).   
ƁFlow and performance parameters will scale differently 

with the length scale (D), but the overall result is that 
FT/W  is inversely proportional to D.   
¶Rocket:    D= 1m  O   FT/W Ђ υπ 

¶Microrocket:   D= ρÍÍ     ᴼ  FT/W Ђ υπȟπππȢ 

 

As the system scale decreases, the surface-to-
volume ratio increases,  which reduces the thermal 
mass of the flow and leads to heat transfer effects. 

 



Scaling Effects (contôd) 

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 nozzle; ho is the nozzle 
 height in  an extruded nozzle)  
 

Characteristic length scales on the order of microns to 
millimeters result in corresponding Reynolds numbers 
of 1 ɀ 1000 within the nozzles.  (Bayt, 1999; Jerman, 2011) 

 



Scaling Effects (contôd) 

For an ideal nozzle, pe = pa, the thrust equation can be 
reduced to: 
    Ὂ ό  
   
At conventional scales, the expansion ratio (Ae/A t) 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:  
   Ὂ ᶿὙὩ Ὤ‘ό 



Scaling Effects (contôd) 

One study on scaling and performance of microthrusters  
(Bruno, et al., 2003) developed the following relationship 
between Reynolds Number and Thrust: 
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 Notes: 
 viscosity, ʈ, a function of temperature, was replaced by ʈ ~ ʈo (Tg/To)

2/3   
 

 ρ  is denoted as the  thermodynamic efficiency term  

 



Scaling Effects (contôd) 

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

– ςϽ ρπ ὙὩ ρπππȢψ 

 

(This offers a simplified way to account for viscous 
losses that would otherwise require much more 
complex numerical 2-D calculations.)(Bruno, et al., 2003) 

 



Micro - thruster Scaling Effects  

To maintain a desired 
thrust, then, the Reynolds 
number must be increased 
as scale decreases.  
 
Further, it must be 
increased much more at 
small scales than at large 
scales.  
 
Possible ways to increase 
Re are to increase the 
chamber pressure (pc), 
chamber temperature (To or 
Tc) or gas temperature (Tg).   

(Bruno, et al., 2003) 



Design Considerations and 
Material Selection  

http://www.bo.imm.cnr.it/site/node/245  



Improving performance?  

Fabrication 
Methods 

 

Increase Tg 

Materials 

Increase heat loss 

Improving geometry 



Potential Materials  

·Si is the most widely used microfabrication 
material 

·Si compounds can offer more strength 

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

Si Si3N4 SiC 

http://periodictable.com/Items/014.49/index.html

