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Abstract

When designing equipment that uses fans for forced convection cooling, a situation
frequently arises where the airflow impedance through the system is high enough that
one fan will not provide the back pressure and consequently the airflow needed to
cool the unit. When this situation occurs and there is no acceptable solution available
that will provide adequate airflow with a single fan, two fans in series may be able to
provide the needed airflow. Two fans in series should, in theory, be able to double the
available static pressure of just one fan. However, if the second fan is simply placed
downstream of the first fan, there will be a degradation in the theoretical static
pressure developed by the fan pair.

This presentation will show the results of an investigation to determine how close a
series fan arrangement can come to doubling the static pressure while minimizing the
amount of space required for the two-fan combination. The presentation will consist
of using CFD simulations with a rotating frame of reference around the rotors to
predict the series fan performance and will also show how well the simulations agree
with actual test data taken using an airflow test chamber to measure the pressure and
airflow of the series fan arrangements.
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40 mm x 40 mm x 25 mm Fan
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Fan Chosen for the Study
Ebmpapst Series 400J 

5Fan used for this study



Fan Performance Curve
Ebmpapst Type 414JHH 
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Maximum 
airflow for the 
fan at a static 
pressure of zero

Maximum pressure 
the fan can develop 
at zero airflow

Recommended 
operating range is 
just to the right of 
the blade stall 
region

Blade Stall 
Region

Blade Stall Region:  This is the region were the fan looses efficiency and 
becomes noisier.  It is recommended to stay out of this region for 
operation.



Testing with Airflow Test Chamber
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Fan Testing using an Airflow Test Chamber
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Fans with Flow 
Straightener

Nozzle Pressure 
Manometer

Fan Pressure 
Manometer

Nozzle Plate



Nozzle Plate in Airflow Test Chamber
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Nozzle



Test Results with a Single 40 mm Fan

10

The fan performance equaled or slightly outperformed the fan curve published in the data 
sheet over most of the range



Simulation Model
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FloTHERM XT Simulation Model
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The relevant elements of the airflow test chamber were built in a Computational Fluid Dynamics 
(CFD) model using FloTHERM XT from Mentor Graphics.  The simulations were done as a parametric 
study with the airflow varying from 0 CFM to the maximum airflow of the fan at 0 static pressure.

Static Pressure Chamber

Fan Under Test

Static Pressure 
Measurement 
Chamber



Ebmpapst Fan Model
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In order to get the fan model correct for the CFD simulations, Ebmpapst provided Electronic Cooling 
Solutions with an accurate CAD model of the 40 mm fan.  They also provided fan samples for the 
airflow tests.



Fan Simulation Using Rotating Sliding Region
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A rotating sliding region with a 0.5 mm mesh size was placed around the fan rotor for the simulation and 
a transient simulation was carried out for 0.08 seconds to allow the pressure to stabilize in the static 
pressure chamber.  The region and consequently the enclosed fan rotor was rotated at 13,000 rpm.



Simulation vs. Test Results
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The simulation results matched the published fan curve up to the blade stall region at 6.5 CFM.  
The  simulated pressures from 6.5 to 11.5 CFM were  lower than the data sheet and the test 
data.



Development of a Flow Straightener for a 
Series Fan Configuration
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Airflow Exhaust Angle
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44 degrees
@ 12 CFM

The airflow exhaust angle increases as the airflow decreases

61 degrees
@ 7 CFM

Recommended operating range

PQ curve for the 414 JHH fan



Flow Straightener

18

1 Inch Flow Straightener
The angle of the vanes at the entrance is set at 44 
degrees to match the airflow exhaust angle coming 
off of the first fan.  The angle of the vanes is set at 0 
degrees at the exhaust side so the airflow enters 
perpendicular to the second fan.

1 Inch Flow Coupler
This is a 1 inch long flow coupler that couples 
the first fan to the second fan.  This was 
designed so that the effect of the vanes in the 
flow straightener could be measured.



3D Parts
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1 Inch Flow Straightener1 Inch Flow Coupler

These are the plastic parts that were produced by the 3D printer.  Both a flow coupler without 
vanes and a flow straightener with vanes were produced for comparison of results using the 
airflow test chamber



Simulation Showing Air Particle Traces 
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1 Inch Flow Straightener



Results with the Coupler between Two Fans 
in Series
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1 Inch Flow Coupler
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1 Inch Flow Coupler

The 1 inch flow coupler was placed between the two fans at the intake end of the airflow test 
chamber.  To prevent any air leakage all seams were sealed with a hot-melt glue gun.



PQ Curve with the Flow Coupler
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The 1 inch flow coupler provided an air pressure boost in the series fan arrangement over most of the 
fan operating range.  However, it actually limited the maximum airflow of the configuration due to the 
extra impedance it induced by the confinement of the airstream as it flowed through the coupler.  
Note that the pressure increase was not even close to doubling.



Results with the Air Straightener between 
Two Fans in Series

24



1 Inch Flow Straightener
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1 Inch Flow Straightener

The 1 inch flow straightener was placed between the two fans at the intake end of the airflow 
test chamber.  In all the tests the fan voltage was carefully monitored so that it remained 
constant at 24.0 VDC.



PQ Curve with the Flow Straightener
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The 1 inch flow straightener provided an air pressure boost in the series fan arrangement over the full 
fan operating range.  With the 44 degree angle of the vanes that were optimized for the most useful 
operating range of the fans, it did provide a doubling of the static air pressure the fans could develop 
over single fan operation.  The CFD simulation under performed the actual test results.



Summary
The CFD simulations of single fan operation, data sheet performance curve and the test results were in 
reasonably good agreement.  

Fan rotors are designed to have airflow entering the fan at a perpendicular angle to the front plane of 
the fan for optimum performance.

When fans are placed in series, the second fan no longer receives perpendicular airflow and the 
performance of the second fan is significantly reduced.

CFD simulations were used to optimize the angle of the vanes in the flow straightener to achieve 
minimal pressure loss and redirect the airflow perpendicular to the front plane of the second fan.

3D printing was used to produce plastic prototypes of the flow coupler and flow straightener.

The flow coupler produced some pressure increase but did not come close to a doubling of the static 
pressure since the airflow was not entering the second fan at the optimum angle.  The maximum 
airflow of the series configuration was also reduced due to the extra flow impedance from the coupler. 

When the optimized flow straightener was introduced between the fans, the static pressure produced 
was doubled in the useful operating range of the series fan configuration.

The CFD simulation with the flow straightener under-performed the series fan configuration in actual 
test data.  The reason is under investigation.
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