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Drag Forces Acting 
on Centrifuges Michael Warden, CTO ACUTRONIC Switzerland

Drag forces acting on a centrifuge were measured and optimum
design parameters deduced. The measured drag coefficient allows 
us to predict the performance of centrifuges.

Introduction

The topic of aerodynamic forces acting on

centrifuges was investigated driven by the

necessity to calculate the motor torque re-

quired to overcome the aerodynamic drag

in the steady state maximum speed opera-

tion of the centrifuge. The drag is deter-

mined by the Rayleigh formula which in-

cludes the drag coefficient, which is generally

determined by simulation or by experiment.

The work was performed as part of a

Bachelor Thesis at the Institute of Fluid 

Dynamics at the ETH Zurich. The drag was

determined experimentally for a test cen-

trifuge under various operating conditions.

where h and R are the height and radius of

the arm respectively, � is the density of air,

� is the angular frequency and Cw is the 

of drag coefficient of the centrifuge. The 

dimensionless number Cw is used to model

the complex dependencies of shape, incli-

nation and flow conditions on the drag. For

example M = 2.5 Nm for our test centrifuge

(R = 0.45 m, h = 0.045 m) turning in free air

at 300 RPM, resulting in Cw= 5.

Experiments

Various configurations were tested.The side

area presented to the relative wind was var-

ied by changing the arm height h. As expect-

Centrifuge Series AC1125

The goal was to determine the conditions 

of minimum drag and to obtain the drag co-

efficients thus enabling us to calculate the

motor requirements for future projects.

Theory and Calculation

Estimates for the aerodynamic forces are

derived from Rayleigh’s formula for the drag

force experienced by an object moving

through a fluid at relatively large velocity v.

For the centrifuge, the total moment M is 

obtained by integrating over the entire arms

obtaining

M = 
1
 x Cw x � x h x �2 x R4

M =
4
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ed from the Rayleigh formula, the required

moment increases proportionally to the side

area, but only when the measurements are

performed with the protective covering re-

moved. On the other hand, the same mea-

surements performed with the protective

coverings in place show only a slight in-

crease in moment with side area. In addi-

tion, the Cw is significantly reduced result-

ing in values up to an order of magnitude

less than when the coverings are removed.

The reduction is a result of the entire air

mass being rotated, when the centrifuge

arm fills the available space of the cen-

trifuge chamber. The results are summer-

ized in figure 1 for h = 0.135 m. In figure 2,

Cw is shown as a function of arm height for

2 different frequencies, as determined from

measurements on the closed centrifuge.

Summary

Measurements performed on a test centri-

fuge confirm that the required torque to over-

come aerodynamic drag can be significantly

reduced by a design where the centrifuge

arms are built to fit the available space. ]

To truly enhance the value chain, we must

become partners for our customers, must

define today our business themes of tomor-

row and elaborate in close cooperation with

our customers how we can best add value

for the future.

Integrating Carco Electronics into our

company over the last year has been a

challenge in itself. Now we diligently have to

continue in our efforts to further streamline

our process and become even more effi-

cient. Thus, we further improve speed and

quality of our services to our customers to

facilitate continuous business with us as

well as to become more competitive.

We have reached a time where doing

ones job well is no longer enough. We have

to learn to forget our existing processes,

have to leave existing thinking paths and

take new routes.

In the future, we must be capable of re-

inventing the deepest sense of our core

business concepts, not once a decade or in

the midst of crisis, but continuously – year

after year. Change becomes the only con-

stant variable!

Building the capacity for company innova-

tion requires new passion and skills which

are reflected in:

– Engagement and effort of every single 

individual in the company 

– Enthusiasm to bring profoundly new ben-

efits to the customer

– Continually approach anything that inhi-

bits innovation

I have seen the required spirit in many of

our employees, and I am proud and confi-

dent that we have the required talents to 

remain successful in the future.

Success is not guaranteed, it will not

be easy or free. But with continued dedica-

tion, hard work, innovation and a will to rad-

ically change established business models

and processes, we stand a good chance to

be rewarded now and in the future.

Let’s start thinking about how to revolu-

tionize the world of motion simulation!  ]

Continuation cover story

Figure 1: Orange line: current applied to the drive to overcome aerodynamic drag in the

case the centrifuge covers were off. Blue line: required current when the centrifuge 

covers are closed. Note the significant reduction in required torque, which is proportional

to the current.
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Figure 2: Orange line: Cw as a function of arm height for a frequency of 480 RPM.

Blue line: for a frequency of 300 RPM. Note how Cw decreases with increasing arm height.
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