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Along with ever increasing requi-
rements on the quality of clean-
room systems, the demand for
such facilities is growing in sheer
quantitative terms as well. Manu-
facturing and packaging proces-
ses which, until a few years ago,
were conducted in „normal“ pro-
duction environments are now
routinely performed in Class 5*
cleanrooms.

However, the use of cleanroom air
handling equipment is associated
with quite significant operating
costs which will not fail to have an
impact on production overhead.
An „energy-conscious“ design of
cleanroom facilities is therefore
called for.

Cleanroom air handling systems
meeting Class 5* or higher specifica-
tions must recirculate very large
quantities of air and clean them to a
rigorous standard. Until recently, the
electrical power input required for this
purpose was in the region of 0.80 to
1.00 kW per m2 of surface area in
Class 5* (or higher) systems.

Normally, cleanroom air-handling
equipment will be located in air condi-
tioned rooms. Part of the electrical
energy it absorbs must therefore be
removed from the room via appropria-
te cooling. This again requires power,
in amounts much greater than the
energy to be extracted. 

The air flow resistances to be overco-
me in modular cleanroom systems
are almost exclusively filter resi-
stances, i.e. flow obstructions which
become more pronounced over the
system’s service life and with the dust
load encountered. On the other hand,
filters employed (specifically, HEPA
filters) need a uniform air flow to ope-
rate effectively. Fans must therefore
deliver steep characteristic curves to

Fig. 1 Example of inefficient mounting con-
figurations

Fig. 2 Example of an efficient mounting con-
figuration*  according to ISO 14644-1

minimize the drop in air velocity asso-
ciated with increasing filter resi-
stance. 

Air flow velocities in cleanroom sy-
stems vary between a minimum of
0.30 m/s at the high-efficiency parti-
culate filter to a maximum of 2.0 m/s
at the pre-filter. Higher airspeeds may
prevail in closed-loop type cleanroom
equipment such as biohazard sy-
stems or cleanroom tunnels. Howe-
ver, even in these cases a value of
6.0 m/s should not be exceeded.

In view of the foregoing considerati-
ons, it would be ideal for cleanroom
applications to possess a fan which
delivers an almost entirely static pres-
sure. Since this is not technically fea-
sible, one must try to find the best
possible compromise. Shape of
cleanroom air handling enclosure and
fan arrangement inside that enclosu-
re need to be duly taken into account
in this context. 

Until the end of the 1980s, it was sta-
te-of-the-art practice for modular cle-
anroom systems to mostly rely on
centrifugal fans with forward-curved
impeller blades.

This fan type, although it has certain
acoustic advantages, is noted for its
high dynamic pressure output and
low efficiency levels. 

Its efficiency is additionally impaired
by unfavourable, confined mounting
conditions.  Moreover, it delivers an
irregular airflow to the high-efficiency
particulate filters.

In the mounting configurations shown
in Fig. 1, for instance, the dynamic
pressure portion is lost almost entire-
ly. Although the flow through the HE-
PA filter can be rendered more homo-
geneous by installing baffle plate flow
distribution devices, these will addi-
tionally degrade the fan performance.
In the example illustrated in Fig. 2, on
the other hand, an impressive per-
centage of the dynamic pressure por-
tion is converted into static pressure,
thus contributing to the unit’s useful
output.

Axial-flow fans are always problema-
tic when used under confined moun-
ting conditions involving short deflec-
tion paths. Moreover, they produce
the highest dynamic pressure portion
in comparison with other fan designs.
It is mainly for these reasons that
axial-flow fans hardly play a role in
advanced cleanroom equipment. We
shall therefore disregard them in our
further discussion.

The search for the most suitable and
cost-efficient fan technology for the
application on hand must thus be fo-
cused on the diverse types of centri-
fugal fans. 

Fig. 3 compares the performance of
fans with different impeller configura-
tions at constant speed. The ratio
between impeller diameter and impel-
ler width is the same for all units ex-
amined here.

Preferably, the ideal fan should have
no „spiral casing“ of its own and be
easy to bolt into the housing of the
cleanroom AHU system without nee-
ding any further inlet and/or outlet si-
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de connections. A spiral casing is un-
desirable because the resulting dyna-
mic pressure portion delivered by the
fan can not be put to effective use in
the cleanroom system.

Trials of a centrifugal fan with back-
ward-curved impeller blades and no
spiral casing were conducted on a
test rig with free outlet fans. Volume
flow, total pressure and total acoustic
power level in the duct were measu-
red in the intake ducting (Fig. 4).

From the results of these test series it
emerged that the optimum „free-run-
ning“ centrifugal fan (plug-in fan)
should meet the following specificati-
ons:

� flat, backward-curved blades with
an exit angle � 30 deg.

� low number of blades

� ratio of at least 1.3 between impel-
ler inlet diameter and impeller ex-
ternal diameter.

An analysis of the correlation bet-
ween fan size and fan efficiency un-
der otherwise identical aerodynamic
conditions reveals that the fan’s effi-
ciency increases with its size. Fig. 5
shows the fan output correction curve
as a function of the Reynolds number.

Since the size of a SISW fan exceeds
that of a DIDW unit by a factor of � 2,
the SISW unit clearly exhibits a su-
perior efficiency.

c = absolute velocity
of air upon exiting
impeller
w = velocity of air
upon leaving impel-
ler blade outlet edge
u = impeller tip
speed

Fig. 3 Graphs depicting shaft power input, overall efficiency and overall pressure as a
function of volume flow.

Fig. 4 Fan test rig Fig. 5 Fan output correction curve as a function of the Reynolds number
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As any aerodynamic expert will know,
a fan’s characteristic curve determi-
ned on a test rig will differ from that
achieved under „installed“ field condi-
tions.

This is particularly true for fans with-
out spiral casing. The optimized cen-
trifugal fan was therefore subjected to

further experiments to adapt the hou-
sing of the cleanroom air-handling
unit for optimum fan performance.

Fig. 6 shows excerpts from the mea-
surements obtained on the outlet side
of the centrifugal fan under different
mounting conditions in housings of
varying geometries.



3 Saving Energy with High-Performance Centrifugal Fans

12

Fig. 6 Performance
curve of a single-in-
let single-width
centrifugal fan with
diverse casing geo-
metries

Fig. 7 High-perfor-
mance centrifugal
plug-in fan unit
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This leaves the inlet side of the centri-
fugal fan to be optimized for the diver-
se types of cleanroom air-handling
systems.

In all these improvement efforts and
investigations, acoustic properties
and the integration of noise protection
measures play an important role over
and beyond the aerodynamic en-
gineering. The general rule can be
stated thus: „Systems with poor flow
properties will also have poor acou-
stics and vice versa.“

Our development resulted in the high-
performance open-running centrifu-
gal fan shown in Fig. 7.

Its impeller is flanged to an external-
rotor motor placed in the airflow. To-
gether, the two form an integral unit
which - unobstructed by a casing - de-
liver the air into the pressurized room
via the HEPA filter.

The rim with the inlet nozzle doubles
as a mounting plate for the entire fan.
The special protruding form of the in-
let nozzle gives a clearly enhanced
inlet flow and reduces the sound level

by 3 dB. A series of high-performance
centrifugal plug-in fans was develo-
ped in nominal sizes of 315 mm, 355
mm, 500 mm and 630 mm for various
rotational speeds in each case.

The four nominal sizes mentioned
above cover the volume flow range
from 800 to 7,500 m3/h when driven
directly by a squirrel-cage motor on
50 Hz mains. Motor speed is control-
led by reducing the input voltage via a
transformer or thyristor system.

By way of example, Fig. 8 shows the
performance curve of the high-perfor-
mance centrifugal-type plug-in fan
with a nominal size of 500 mm.

For comparison, Fig. 9 gives the per-
formance curve of fan with a spiral ca-
sing and an impeller carrying many
forward-curved blades. This fan is of-
fered by various manufacturers in an
identical design in European markets.

The two fans compared here are ope-
rated in the 5000 to 7,500 m3/h volu-
me flow range. Total pressures plot-
ted in the graph were measured with
free fan outlet.

The spiral housing fan with forward-
curved impeller blades is powered by
a disc rotor („pancake“) motor, which
has self-compensating properties. Its
rotational speed therefore rises from
860 rpm to 1365 rpm over the length
of the characteristic curve, making
the latter appear very steep.

Particularly interesting is a compari-
son of the two characteristics in terms
of the electric power consumption.
For the same volume flow and pres-
sure, this analysis yields the follo-
wing:

380 V / 2.9 A for the high-performan-
ce centrifugal fan without spiral ca-
sing (Fig. 8)

380 V / 6.0 A for the high-performan-
ce centrifugal fan with a high number
of impeller blades (Fig. 9).

Thus, the drive power requirement of
the former unit is about 50% lower.

A comparison of the acoustic output
data for the two fans reveals no major
differences. As a rule, the spiral ca-
sing fan with many forward-curved
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blades came in ahead by about 2 to 3
dB(A).

Figs. 10 to 12 illustrate by a number
of examples how the newly develo-
ped high-performance centrifugal
plug-in fan and the engineering insi-
ghts derived from its development are
put to practical use in a cleanroom
context. 

It emerges from the examples shown
that a high-performance centrifugal
plug-in fan, properly used, permits a
reduction in power consumption to
350 W per sq.m. of Class 2 (accor-
ding to ISO 14644-1) cleanroom sur-
face area.

This amounts to no less than 50 -
60% of a conventional system’s po-
wer consumption. If we consider that
1 KW of installed electrical power
represents an annual energy cost of
at least 500 EUR for a unit in conti-
nuous service in Europe, these are
quite impressive figures.

Fan speeds are preferably (still) con-
trolled via the voltage, using transfor-
mer or thyristor systems. This type of
speed variation system is also refer-
red to as „slip control“. It yields fairly
low electric power savings at reduced
rpm within the control range. This ma-
kes the use and proper dimensioning
of energy-saving fans all the more im-
portant. It is recommended that the
fans for cleanroom air-handling sy-
stems should be sized in a way that a
new unit, operating at full speed, deli-
vers a laminar flow velocity which ex-
ceeds the nominal value by about
30%. If this condition is met, a service
life of approx. 5 to 8 years can be
achieved for high-efficiency particle
filters under normal conditions.

Fig. 8 Performance
curve of the high-
performance plug-in
centrifugal fan

Fig. 9 Performance
curve of the DIDW
fan with spiral hou-
sing and forward-
curved blades
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Bild 10 Fig. 10 Class 2 downflow unit ac-
cording to ISO 14644-1, sound-insulated 
LF velocity : approx. 0.45 m/s
LF surface area : approx. 4.1 m2

Motor rating : 0.92 kW
Power consumption : 1.32 kW
Sound pressure level at 1.0 m
below  HEPA filters
with 1 module in operation : approx. 52 dB(A)

Fig. 12 Class 2 clean-
room tunnel module sy-
stem according to ISO
14644-1, sound-insula-
ted
LF velocity

: approx. 0.45 m/s
LF surface area of
module : approx. 5.0 m2

Motor rating
: 1.15 kW

Power consumption
: 1.65 kW

Sound pressure level at
1.0 m below  HEPA filters
with 1 module in operati-
on : approx. 52 dB(A)

Fig. 11  Class 2 filter/fan module according
to ISO 14644-1, sound-insulated
LF surface area approx. 0.80 m2

LF velocity approx. 0.45 m/s
Motor rating 0.10 kW
Power consumption 1.18 kW
Sound pressure level at 1.0 m
below  HEPA filters with 1 module
in operation : approx. 50 dB(A)

prefilter
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This centrifugal fan is used - prefera-
bly in a single-inlet configuration - for
pressures �2200 Pa at = 1.2 kg/m3.
In this range, centrifugal ventilating
fans previously were of DIDW, semi-
axial flow design.

Central air conditioning units are a
main application for this fan type.
Equipped with a volume flow sensor
on the inlet nozzle, direct drive (i.e.
impeller mounted on the motor shaft)
and frequency-converter based rpm
control, the centrifugal plug-in fan is
an ideal combination.

Compared to DIDW casing-type fans
of similar airflow cross-sections, the
new centrifugal plug-in fan shows the
following key benefits:

� Characteristic curves are based on
static pressures. Professionally
mounted in a central air-conditio-
ning unit, the fan will fully achieve
these curves. This due to the
entirely „static“ nature of the cha-
racteristic curve which contains no
dynamic pressure portions. Please
also see the design of the measu-
ring system.

� The static peak efficiency, at 74%,
corresponds to an overall efficiency
of approx. 80%. Again, this static
efficiency is fully attained by a (pro-
perly) mounted fan. By contrast, the
total efficiency of several casing-ty-
pe fans integrated in AHUs in our
laboratory peaked at 70%.

This straightforward fan exceeds technical specifications that were previously achievable
only with casing-type units.

Series ER 23/1.2 centrifugal plug-
in fans

The very favourable experience ac-
cumulated with this fan technology in
dryer and  cleanroom technology ha-
ve led to further developments and
improvements. A major advance in
fan engineering was achieved with
the launch of the centrifugal plug-in
fan ER 23/1.2.

TLT test rig for centrifugal plug-in
fans

The test rig employed at TLT meets
DIN 24 163, Part 2, standard specifi-
cations for volume flow and pressure
measurements, and DIN 45 635, Part
9, for acoustic measurements.

� Characteristic curves are steep and
stable, providing a broad dimensio-
ning range at a high level of effi-
ciency. The power input curve indi-
cates no susceptibility to overloa-
ding, i.e. the maximum input power
requirement is situated in the range
of maximum efficiency.

� The total acoustic output of these
centrifugal plug-in fans remains ap-
prox. 5 dB below that of DIDW ca-
sing-type units of similar airflow
cross-section.

� A good air distribution over the ent-
ire impeller outlet plane ensures a
uniform flow exposure of downstre-
am components such as heat
exchangers or filters.

� The space requirement for installa-
tion of a centrifugal plug-in fan is,
on average, at least 1/4 less than
that of a casing-type fan.

The normal drive arrangement of the-
se centrifugal plug-in fans is „direct“,
i.e. with the impeller mounted on the
motor shaft. This direct-drive configu-
ration has the following advantages.

� At least 10% input power savings
compared to belt driven units.

� Elimination of belt particles in the
air supply. As a result, an outlet-si-
de filter as formerly required speci-
fically in hygiene-sensitive applica-
tions will often become dispensab-
le.

� The inlet nozzle of the centrifugal
plug-in fan also serves as a calibra-
ted volume flow measuring noozle.

Fields of application

– Installation in central air-conditio-
ning equipment, masonry wall-en-
closed stations, and ducting

– Cooling air fans, e.g., on heat ex-
changers for recirculated media.

– Dryer recirculation fans.

– Use in combination with special in-
sulation classes such as HS-type
electric motors for smoke exhaust
fans.

Range

– 19 nominal sizes, from 200 to
1600 mm

– Volume flow rates up to
160,000 mm

– Pressure increases up to 2,500 Pa

�
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Diagram of the fan test rig

Horizontal-type fan, nominal sizes from 315 to 1600 mm dia.

The pressure-versus-volume-flow
characteristics of the centrifugal plug-
in fan were determined on our stan-
dard-compliant test rig by intake-side
throttling.

The residual dynamic pressure in evi-
dence at the impeller outlet is already
reflected in the characteristic curves
as impulse loss, i.e. the parameter
shown is the „available static pressu-
re difference“ �pst.

Unlike a graph of the „total pressure
increase“, this representation mode
does not require dynamic outlet los-
ses to be taken into consideration.

Longitudinal section of a duct or air-handling system with built-in centrifugal fan

D = Impeller diameter = nominal size

lateral c � 4,5 m/s

Heat exchanger without filter

c � 3,0 m/s

Heat exchanger, droplet
separator, absorptive
silencer* or filter

c � 3,0 m/s

60% 40%

~ D
0,45xD

≥
0,

8x
D

≥
0,

8x
D

D

= =

Test fan with
drive motor

Measuring duct per 45635, Part 9 Measuring duct per DIN 24163

Microphone with
Friedrich probe

Low-reflection
duct

Throttle with flow
straightener

Measuring orifice

Flow stra-
ightener

Inlet
nozzle

restrictor

* When using inlet silencers please keep a distance of 1,5 x D between absorption elements and bellmouth.




