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Typical system load profile

Why use a variable-speed system?

Refrigeration compressors are normally selected to
correspond with maximum expected system loads. Since
loads vary throughout the day and throughout the year,
the compressor designed for maximum load turns out to
be oversized during long stretches (it has been estimated
that on average systems are running partially loaded more
than 65% of the time).
The conventional regulation systems to compensate for
this excess capacity are on/off control,pressure-regulation
unloading valves or hot-gas bypass. In comparison with
these methods,the Maneurop® variable-speed compressor
offers a superior energy-efficient solution.

Improved process control and accuracy

In a normal hermetic refrigeration compressor, the 
electrical motor and crankshaft rotate at a speed of 
2900 rpm (50 Hz), which locks the compressor into 
a single fixed capacity. In a Maneurop®

variable-speed compressor, motor
rotation speed may be varied 
from 1800 to 5400 rpm. Capacity 
is controlled directly at the 
source, thereby eliminating any 
temperature overshoot.

Smaller-sized compressor

The built-in variable speed function pertains to both
speed increase and speed reduction.
Thanks to speed increase,the selection of a variable-speed
compressor can be scaled back several sizes smaller than
a comparable compressor running at fixed speed. The
nominal compressor capacity can then be easily aligned
with the nominal system heat load.
Speed reduction provides the opportunity,during periods
of low system load, for compressor capacity to be 
decreased, consequently reducing power consumption.
Moreover, on/off cycling can be reduced to the bare 
minimum or avoided altogether.

Lower operating costs

Energy savings generated from doing away with the need
to design compressors that meet extreme conditions
encountered just a few days a year.
Energy savings generated from doing away with the need
to operate an oversized compressor for extended periods
of time.

Energy savings generated thanks to VTZ 
compressor + AKD converter capacity being so
well synchronized with the actual heat load for
enhanced system efficiency, not only over short
periods... but all year round! Variable speed Fixed speed
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Quick adaptation to load fluctuations and
reduced cycling for greater reliability

When a cold room is loaded or a milk tank filled, a sudden
and heavy system load is induced. A compressor without
variable speed would normally be sized to cool the system
within a pre-established time period that includes safety
margins.
Since a Maneurop® variable-speed compressor offers
more flexibility in the selection process, the system can be 
optimized to achieve much shorter cooling times at 
maximum capacity. During periods of low system load,
compressor capacity can then be constantly adapted 
to accommodate demand, resulting in a more stable 
temperature. Limiting the number of starts and stops
considerably reduces mechanical and electrical stresses
on the compressor. Thanks to the inherent "soft start"
capabilities of the AKD, stresses are further reduced.

Precise regulation and low noise

The Maneurop® variable-speed compressor progresses
smoothly from minimum to maximum capacity range.
No predefined capacity increments have been built in,
a feature that allows precisely maintaining the desired 
evaporating temperature and room or process temperature
while keeping fluctuations to a minimum. Accurate 
temperature control remains the key to quality food 
processing activities and food storage.
During nighttime hours as heat losses diminish, the 
compressor runs at lower speeds, thereby generating less
noise. Moreover, the bothersome system start-stop
noises will, to a large extent, be eliminated.

What makes the Maneurop® variable-speed compressor so efficient?

Most systems operate under partial load more than 65% of the time. While other systems tend to display lower efficiency
when running under partial load, the level of energy savings with Maneurop® variable-speed compressors rises further by
virtue of a triple effect:

Smaller compressor: 
In comparison with a single-speed compressor, the
variable-speed model can be designed several sizes 
smaller to match the nominal system load, hence 
increasing efficiency.

Speed reduction: 
The capacity of the smaller compressor may easily be
reduced, providing for higher efficiency at low system
load.

Reduced condensing pressure: 
During periods of partial load, the system operates with 
an oversized condenser, which allows decreasing the
condensing pressure and consequently the power input.
This triple Maneurop® variable-speed effect yields energy
savings all year round...

Without variable speed

With variable speed
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Variable speed: Great opportunity for saving energy

One of the most attractive aspects of variable-speed technology lies in its energy savings potential.The inverter-driven,
variable capacity concept is used today in several refrigeration applications, yet could still be employed on a much 
wider scale.
Many different refrigeration and process cooling applications feature thermal load profiles that suggest their suitability
for innovative, variable-capacity systems employing specialized Maneurop® VTZ compressors and Danfoss AKD 
frequency inverters.
The examples below show typical applications where significant energy savings could be derived by use of 
variable-speed compressors as opposed to the single-speed on/off compressor systems.

Commercial refrigeration

Cold storage room system

System characteristics

• Multi-evaporator system

• Significant load variations throughout the year and
during the day

• Maximum design cooling capacity: 22 kW

• Average system load: 68%

• -5°C evaporating temperature, R404A refrigerant

Industrial cooling

Process cooling system

System characteristics

• System specifications impose continuous
compressor operations in order to meet rapid
demand changes

• Very large load fluctuations during the day

• 7 days/week operation

• Hot gas bypass unloading to load down to
20% of nominal

• Maximum design cooling capacity: 30 kW

• Average system load: 50%

• +3°C evaporating temperature,R404A refrigerant

In the above examples, variable-speed capacity control generates between 15 000 and 27 500 kW.h in yearly energy
savings, which contributes to significantly reducing operating costs for the user.

Operating time (percentage)

Annual system load profile

Operating time (percentage)

Annual system load profile
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How does the variable speed function work?

Motor rotation speed is proportional to power supply line
frequency. Under a 50-Hz power supply, hermetic 
compressors typically run at 2900 rpm, while under 60 Hz
they run at 3500 rpm. In controlling the frequency being
applied to the motor therefore, both the compressor
speed and capacity can also be controlled.

With a Danfoss AKD frequency converter positioned 
between the power supply and compressor, the line 
frequency may be converted to any other frequency and,
as such, the compressor can be supplied with frequencies
ranging from 30 to 90 Hz.

This 30-90 Hz
frequency band
corresponds to
c o m p r e s s o r
rotation speeds
between 1800
and 5400 rpm.
At 30 Hz, compressor capacity is reduced; at 90 Hz, the
same compressor delivers three times more capacity in
adapting its size to meet demand.

The VTZ compressor series + AKD drives:
Moving towards "mechatronics"

Mechatronics: 
a new approach to capacity modulation
Mechatronics engineering refers to a burgeoning science
in which mechanical, electrical, electronic and software
development technologies are all utilized so as to make
the most of each discipline's specific strengths.
This synergy has resulted in a new set of equipment with
extended capabilities,precision controls and the potential
for adaptation to system operating conditions.

Working closely with the Danfoss Drives Division, the
industry leader in variable-frequency converters, Danfoss
Commercial Compressors (DCC) engineers have deve-
loped a new range of compressors dedicated to variable-
speed applications: VTZ.

DCC has concentrated its efforts on optimizing the 
internal parts of the VTZ compressor for application at low
as well as high rotational speeds. The electrical motor,
bearings, valves, lubrication system, discharge gas 
collector... have all been enhanced to fulfil the new 
operating specifications.

VTZ product program and scheduling

V: Variable speed series
T: Maneurop® reciprocating compressor
Z: POE lubricant
171: 171 cm3 swept volume

TV Z 171

* The VTZ series will be initially introduced for R404A applications. Approval for other refrigerants will be announced at a later date.

12 200 36 600

28 300 April 2004

Sept. 2004

Dec. 2004

Availability R404A*

22 100

18 850

14 400

11 300

9 600

8 400

6 200

9 400

7 350

6 300

4 800

3 750

3 200

2 800

2 500

VTZ 271
VTZ 215
VTZ 171
VTZ 136
VTZ 108
VTZ 086
VTZ 068
VTZ 060
VTZ 048

Cooling capacity in W
from 30 to 90 Hz
Conditions: R404A
To: -10°C,Tc: 45°C
Sh: 10 K, Sc: 0 K
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Danfoss can accept no responsibility for possible errors in catalogues, brochures and other printed material. Danfoss reserves the right to alter its products without notice.
This also applies to products already on order provided that such alterations can be made without subsequential changes being necessary in specifications already agreed.
All trademarks in this material are property of the respective companies. Danfoss and the Danfoss logotype are trademarks of Danfoss A/S. All rights reserved.
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The Danfoss product range 
for the refrigeration and air conditioning industry:

Compressors for refrigeration and air conditioning
These products include hermetic reciprocating compressors, scroll
compressors and fan-cooled condensing units. Typical applications 
are air conditioning units, water chillers and commercial refrigeration
systems.

Compressors and Condensing Units
This part of the range includes hermetic compressors and fan-cooled
condensing units for household refrigerators and freezers, and for com-
mercial units such as bottle coolers and drinks dispensers. We also offer
compressors for heat pumps, and 12 and 24 V compressors for refri-
gerators and freezers in commercial vehicles and boats

Appliance Controls
Danfoss offers a range of customer-specific electromechanical 
thermostats for refrigerators and freezers, electronic temperature
controls with or without display, and service thermostats for use when
servicing refrigeration and freezing appliances.

Refrigeration and air conditioning controls
Our full product range covers all control, safety, system protection and
monitoring requirements in mechanically and electronically controlled
refrigeration and air conditioning systems. The products are used in
countless applications within the commercial and industrial refrigeration
and air conditioning sectors.

Danfoss Commercial 
Compressors
BP 331 F-01603 Trévoux France
Tel. 04 74 00 28 29 - (33) 4 74 00 28 29
Fax 04 74 00 52 44 - (33) 4 74 00 52 44

http://cc.danfoss.com


