














pinion shafts of highest quality ensure
safe operation

maintenance-free pinion shaft bearings

impeller of semi-open with optimum dampening properties
design permits

maximum pressure ratio

per stage

gearbox housing of solid, compact
design

helical gear wheel

directly-driven main oil pump giving
reliable lubrication to bearings and
gears

3D depiction of a centrifugal compressor (illustration: Atlas Copco)




The impeller

The impeller is of the overhung design at the free end of
the shaft (pinion shaft in the case of a compressor, main
shaft in the case of a fan).

Depending on the compressor design, semi-open or
closed impellers are used.

The blade geometry might be
m radial, or
m backward curved.

Radial bladed impellers are capable of achieving higher
pressures due to the higher tip speeds that can be achiev-
ed as a result of their greater strength. Impellers with
backward curved blades have lower permissible tip
speeds, but their working range is wider and more stable.

For lower pressure increases, i.e. relatively low tip speeds,
closed impellers are used due to their steep characteris-
tic curve.

The impeller can be precision milled or of welded design.
Frequently duplex steel of material EN 1.4462 is used.
This material is corrosion resistant and has the required
strength. Other CrNi steels and special materials such as
titanium are also used.

Spiral casing

After leaving the impeller the accelerated gas stream flows
into the spiral casing and tube diffuser. During this
process, the high Kinetic energy is converted into static
pressure by deceleration of the flow.

While centrifugal compressor casings are mostly made
of CrNi steel castings, fan casings are normally of
welded design. To minimise corrosion, CrNiMo steel,
typically material EN 1.4571, is used for the fan.

Casing thickness and external reinforcing is sized in such
a way that the permissible deformation, which is of
particular importance during vacuum operation, is not
exceeded.

Gearbox

The helical gears of modern compressors
are integrated within the compressor.
For this reason, a coupling between gear
and compressor shaft is not required.
Thrust collars are situated on the high-
speed pinion shaft. These thrust collars
transmit the residual axial thrust to the
low-speed main shaft (wheel shaft).

Centrifugal fans, which run at low speeds
compared to compressors, do not require
a gearbox. The impeller shaft is directly
connected to the motor shaft by means of
a coupling.

Bearing and lubrication
system

The bearings of centrifugal compressors
must ensure stable, vibration-free run-
ning conditions due to the high speeds, of
up to 20,000 rpm, that can be encounter-
ed by a pinion shaft.

Radial tilting-pad bearings are therefore
used for the high-speed pinion shaft.
The wheel shaft of the gear runs on multi-
faced, hydrodynamic journal bearings.
The thrust bearing is designed as a com-
bination radial/axial unit to contain the
remaining axial thrust.

The bearings are lubricated with pressur-
ised oil. For this purpose, a standardized
lubrication system consisting of an oil
tank, main oil pump, auxiliary oil pump,
oil filter and oil cooler is installed.

Centrifugal fans are frequently equipped
with less expensive roller bearings. For
characteristic speed values (mean bear-
ing diameter x speed) of up to 600,000
mm/min, simple forced oil lubrication is
sufficient. At higher values, the same
kind of lubrication system as for centri-
fugal compressors is used.

For fans running at characteristic speed
values of more than 800,000 mm/min,
hydrodynamic journal bearings are used.



Compressor Drives

Prime movers

Electric motors

Three-phase
asynchronous motors

Three-phase asynchronous
motors operate, according
to the number of pairs of
poles, at synchronous
speeds of 3000, 1500, 1000
or 750 rpm (50 Hz, idle
speed) or, if frequency con-
verters are used, at vari-
able speeds. Two types of
motor are available: low
voltage, and high voltage
motors. Low voltage
motors generally operate
at capacities of up to

630 kW or 1,250 kW for
supply voltages of 400 V
or 690 V respectively.
High voltage motors and
converters can be used for
capacities of up to approx.
6,000 kW. The efficiency of
asynchronous motors is
constant over a wide load
range.

Direct current motors

Variable speed, direct-
current motors are recom-
mended for frequent
partial load operation at
high efficiency. They put a
much lighter load on the
operating current system
during start-up than
three-phase asynchronous
motors. Their disadvanta-
ges are their higher prices
and maintenance require-
ments. Compared to
frequency controlled asyn-
chronous motors, the
direct current motor has
lost some of its impor-
tance.

Different types of prime mover can be used for driving

vapour recompressors.

In each case, the drive is selected on the basis of its effi-
ciency and the type of drive power available.

Electric motors are commonly used as drives. They offer
considerable advantages due to the standardization of
sizes and types of protection, their low power/weight,
power/volume, price/performance ratios and minimum

maintenance requirements.

Gas engines

Gas engines are used if in-
sufficient amounts of
electrical energy are avai-
lable. Good efficiencies, of
up to 90 %, are reached if
the waste heat from the
cooling water and exhaust
gas can be used, for ex-
ample, for preheating pur-
poses. The purchase price
of a gas engine for waste
heat recovery is consider-
ably higher than that of a
comparable electric motor.
Its maintenance costs,
which are several times
higher than those of elec-
tric motors, are also a dis-
advantage.

Steam turbines

The use of a variable-
speed steam turbine as the
prime mover of a com-
pressor is sensible if the
exhaust steam can be
recovered. In this case, the
relatively poor efficiency
of a single-stage steam
turbine, which may be
used for price reasons, is
of secondary importance.




Monitoring and Safety Equipment

A number of monitoring and safety systems are required to detect irregularities in compressor operation, to provide
early warnings of wear and to prevent mechanical damage to the plant.

These are shown in detail in the example
of a centrifugal fan:
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Impeller speed
The speed is continuously measured by a revolution The vibration amplitude is determined by various
counter. The fan requires overspeed protection especi- factors, e.g. by:

ally in the case of frequency converter operation. An
alarm is given shortly before the maximum permissible
speed is reached. When the maximum speed has been
reached, the motor is automatically shut down.

the relevant speed

state of the bearings

state of the impeller (incrustation/deposits)
frequent changes in load required by the process

Vibration monitoring
The vibration monitoring system monitors the dynamic An alarm is given when the maximum permissible
behaviour of the rotating assembly. For this purpose, vibration is reached. Exceeding the maximum limit
sensors are installed in the proximity of the bearings. leads to an emergency stop of the system.




Qil tank levels
The oil level in the lubricating oil reservoir is measured.
An alarm is given when this falls to the minimum level.

Oil pump
The operation of the oil pump is monitored. Pump
failure leads to an emergency stop of the fan. During
normal fan shutdown, the oil pump remains in opera-
tion at least until the complete standstill of the rotating
assembly.
For safety reasons, centrifugal compressors are equip-
ped with an auxiliary oil pump in addition to the direc-
tly connected main oil pump.

Oil cooler
A heat exchanger, supplied with cooling water, is instal-
led in the oil circulation line for oil cooling. A tempera-
ture control loop keeps the oil temperature constant.

Qil filter differential pressure
The oil filter pressure difference (6) is measured and
an alarm is given when the limit is exceeded. The
pressure in the oil system (7) triggers the emergency
stop of the fan when this value falls below the minimum
pressure.

Oil flow
In addition to oil pressure monitoring, the oil flow can
also be monitored and used as a shutdown condition in
special cases.

m Shaft bearing temperatures

The fan shaft runs on two bearings in a single bearing
housing. The temperatures of intact bearings are con-
siderably lower than the maximum permissible values.
When elevated temperatures are reached, first an alarm
is given. The system is immediately stopped when t,,,
is reached in order to avoid damage to shaft and im-
peller.

Motor winding temperatures

The driving motor requires protection against overhea-
ting. For this purpose, driving motors are equipped with
temperature sensors in order to measure winding
temperatures at different places. Excessive temperatures
lead to motor shut down.

Motor bearing temperatures
For larger motor powers, e.g. > 100 kW, it is advisable to
measure and monitor the motor bearing temperatures.

Fan/compressor casing temperature

Due to the compression work, the compressor casing

itself is also heated by the pumped medium. An exces-

sive casing temperature might arise if:

m the suction pressure and, consequently, the density
of the pumped medium is excessive
(poperation > pdesign)

m the compressor is operated without pumped
medium

m the compressor operates in circulation mode
(bypass valve of centrifugal compressor is open)

The temperature of the casing is recorded and moni-
tored. Excessive casing temperatures first lead to an
alarm and then to an emergency stop. Continuous
condensate injection at the fan impeller inlet and, con-
sequently, saturation of the vapour, limits excessive
casing temperatures.

Shaft axial position indicator

In order to prevent major damage by gradual wear
of the axial/thrust bearing, it is advisable in some
cases to monitor the axial position of the shaft. If a
limit is reached the compressor is automatically
stopped.

Condensate drain

The casings of fans and especially of centrifugal
compressors must be drained thoroughly in order

to avoid damage to the impellers.

A condensate level monitoring system, which also
triggers the emergency stop, is installed at the lowest
point of the casing.

Surge protection for centrifugal compressors

If the flow rate falls below the minimum value, e.g.
during partial load operation, and thus below the stabi-
lity limit of the compressor, the pumping direction of
the vapour is momentarily reversed from the pressure
side to the suction side. This surging leads to vibrations
that may severely damage the machine.

For this reason, the machine is equipped with a surge
limit safety system. If the flow rate falls below the safe
pumping limit, the controller opens a bypass valve
between the pressure line and the suction line in order
to maintain an adequate flow rate.




Compressor Controls

Evaporation plants heated by mechanical vapour
recompressors generally operate steadily to a limited
extent, i.e. parameters such as mass flow rate, pressure
and temperature fluctuate over time. Variations in eva-
poration rate (i.e. partial load operation) over a wide
range are often desired. Therefore, different heat rates
must be transferred. These changes in plant capacity
are achieved by changing the temperature or pressure
profiles.

The compressor design must take into account these
variations in plant performance against the design duty.
The operating behaviour of the plant is depicted in the
so-called plant characteristics or performance curves. It
shows the relationship between the necessary saturated
steam temperature increase and the drawn-in vapour
mass flow. The operating behaviour of the plant should
be determined by tests to a large extent, or should at
least be estimated.

The evaporator and compressor characteristic curves
must correspond to each other for optimum opera-
tion of the vapour recompressor plant.

150 - compressor
°C
140 1

pumping limit e
—

130 1 -
L—

ps= 1.5 bar

120
At

110
100 plant

90 1

80 T T T T T
20 25 30 35 40 /hr 45
rhBr

Specific changes in the flow conditions on the suction
or pressure side of the compressor, for instance the
suction pressure, allow the control concept to be varied.
A variety of control concepts based on different per-
formance criteria are available.

The following methods are preferred:
Single-stage centrifugal compressor

a) Speed control

Controlling the impeller speed and, consequently, the
circumferential speed can influence the volumetric flow
rate and the compression ratio. For speed control, a
three-phase asynchronous motor equipped with a fre-
guency converter is most commonly used. Especially
for steep characteristic curves, i.e. for large changes in
pressure against small changes in volume flow, control
by continuous speed adjustment is advantageous.

The advantages of frequency converter operation

are:

= Depending on the design, the motor can be operated
at 20 to 60 % above its nominal speed so that a step-up
gear is not required in most cases.

= Astart-up coupling is not required.

= By limiting the starting current, the supply mains is
not overloaded during start-up.

= Favourable partial load efficiencies are achieved.
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b) Vane control

The vane control principle allows changes to the flow
characteristic of the impeller. For this purpose, inlet
guide vanes are installed in the suction nozzle of the
compressor. The inlet guide vanes are adjusted from the
outside by means of a drive. Whereas the compressor
speed remains constant, the efficiency and performance
of the impeller is changed.



Vane control is advantageous for characteristic plant
curves based on considerable pressure changes in relation
to the displaced volume. This results in a large control °C
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c) Diffuser control
Adjustable vanes in the diffuser ensure a large change in *1 9
the mass flow rate with low efficiency decrease and flat C
characteristic plant curves. 85 -
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d) Inlet pressure control
If the process can take place at different temperatures, 07 d
and the plant is not thermodynamically connected °C )
with other plants, the simple concept of controlling the 85 4 ﬁmping /-/
pressure at the inlet by adjustments to the process para- At
meters can be used. This control system ensures maxi- ; 03 Q@
mum variations in the mass flow rate, by changing the 80 1 S
steam density at the evaporator separator, within the 5'7
lower and upper process temperature limits. In many 75 4 55
cases, a sufficiently large control range of the plant can s
be achieved in this way without special mechanical 0.2 bar
changes being necessary. Inlet pressure control can also 70 T T T T T T
be combined with one of the mechanical types of con- 10 1 20 o i 30 t/hr 33
trol, thus providing a particularly large control range. o
Another possibility is the control of centrifugal com- Characteristic curves of a plant with fouling on the heating

surface and for a single-stage, centrifugal compressor at
different inlet pressures pg

Mg, - vapour mass flow rate :
Atg -saturated steam temperature

increase fouling on heating surface
ps - pressure at inlet

pressors by throttling the suction line, thereby changing
the mass flow rate. This type of control results in un-
favourable partial load efficiencies.




1-effect falling film evaporation plant for the concentration of industrial waste
water from tank cleaning

evaporation rate:

45 t/hr

final concentration:

40%TS

compressor coupling power:

74 kW

drive;

frequency controlled electric motor

1-effect falling film evaporation plant with wrap-around separator and
downstream high concentrator for various types of dairy and whey products

evaporation rate:

approx. 40 t/hr depending on
the product

compressor coupling power:
390 kW

This plant concept is used for
evaporation rates of 3 to approx.
55 t/hr water evaporation.




Evaporation Plants
with Centrifugal Fans
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3-effect falling film evaporation plant consisting of 2 pre-evaporator effects
heated by mechanical vapour recompressor and a finisher, heated by thermal
vapour recompressor

evaporation rate:

50 t/hr

concentration range:

30-48% TS

steam consumption:

15.5 t/hr of 38 - 11 bar (g) turbine
3.3 t/hr of 11 bar (g) steam jet
vapour recompressor
compressor coupling power:
730 kW

The centrifugal fan for vapour
recompression is driven by a steam
turbine.

1-effect falling film evaporation plant for wheat starch waste water. The plant
can be operated as 1-effect system or as 2-effect system

evaporation rate:

approx. 17 / 33 t/hr
concentration range:
9-15%TS

compressor coupling power:
1-effect operation: 230 kW
2-effect operation: 420 kW




1,2 falling film pre-evaporators

3 high concentrator

4,5 condensers

6-8 pre-heaters

9 vapour recompressor
(centrifugal fan)

10  feed tank

11 flash cooler

12 vacuum pumps

13  steam jet vapour
recompressor

product
concentrate
condensate
live steam
1 high pressure steam
2 low pressure steam
deaeration
cooling water
service water
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1a, 1b falling film pre-evaporators

2 condenser
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(centrifugal fan)

6 feed tank

7 condensate collecting tank

8 vacuum pump
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Falling film evaporation plant for different glucose solutions, consisting of a 2-effect
falling film pre-evaporator heated by mechanical vapour recompressor and a 2-effect
falling film finisher in counter-flow arrangement, equipped with thermal vapour
recompressor and flash cooler

evaporation rate:

19 t/hr

concentration range:
32-83%TS

steam consumption:

850 kg

compressor coupling power:
325 kW

3-effect falling film, forced-circulation evaporation plant consisting of 2 parallel
evaporator effects for the pre-concentration of caprolactam water

evaporation rate:

14 t/hr

concentration range:
7-95%TS

steam consumption:

900 kg

compressor coupling power:
250 kW




Evaporation Plants with Centrifugal
Compressors

1,2 falling film pre-evaporators

3,4 falling film finishers

5,6 condensers

7-9 pre-heaters

10 vapour recompressor
(centrifugal compressor)

11 thermal vapour
recompressor

12 feed tank

13 condensate collecting tank

14 flash cooler

15 vacuum pump
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B concentrate
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D  live steam
E
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Our Range of Products in Summary

Evaporation plants

for the concentration of all types of liquid food, organic
and inorganic solutions, waste water and other types of
liquid products by means of thermal or mechanical
vapour recompressors, single-effect or multi-effect
systems, with additional equipment for heating, cooling,
degassing, crystallization, rectification etc.

Membrane filtration

for the concentration of liquid food, process water, orga-
nic and inorganic solutions and waste water; for the
separation of impurities for upgrading and valuable
material recovery; based on technology and references
by GEA Filtration , Hudson/USA.

™
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Distillation/rectification plants

for the separation of multi-component mixtures, e.g. for
the recovery of organic solvents, the recovery, purifica-
tion and dehydration of bioalcohol of different qualities
etc.

Lines for the production of alcohol
from the treatment of raw material, fermentation,
distillation to stillage concentration/drying

Plants for crystallization
of special products as well as waste water containing
salts

Product studies, engineering
for plants included in our range of products

GEA Process Engineering Inc. ® 9165 Rumsey Road ¢ Columbia, MD 21045
Tel: 410-997-8700  Fax: 410-997-5021 e Email: gea.pe.na@geagroup.com

GEA Process Engineering Inc. ® 1600 O'Keefe Road e Hudson, WI 54016
Tel: 715-386-9371  Fax: 715-386-9376 ® Email: gea.pe.na@geagroup.com

Web: www.niroinc.com
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