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Ejectors in Industrial CO2 systems, Type LP and HP

Introduction

Ejectors are in widespread use in the transcritical commercial CO, systems and with transcritical CO, systems gaining
ground in the Industrial sector, Danfoss has developed ejectors of a size that is applicable to these systems.

Ejectors can be used in a number of ways, and this document aims to outline how to do this, including how to control
the system with ejectors in and point to the limits of the technology.

The ejector

The ejector is basically a expansion nozzle where the locally very high velocities create a low pressure that can be
used to suck additional fluid into the ejector.
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e The motive flow port — where high pressure liquid is provided to the ejector to be expanded. At the outlet of the
motive nozzle the liquid has expanded and the creation of gas, along with the small dimensions of the nozzle,
results in a very high speed. High speed results in low pressure in this area.

¢ The suction port — connects to the area where the high-speed jet out of the motive nozzle creates low pressure.
The pressure at this point becomes lower than the suction pressure and it sucks the flow in the suction port. After
this area, the flow encounters a mixing chamber where the expansion is ‘finalized’ and mixed with the suction flow.
The jet expands, resulting in lowering speed which results in higher pressure. Finally, the flow enters the diffuser
where the speed drops further, and again the pressure increases.

e Theoutlet port delivers the combined flow to the receiver at the outlet pressure.

Some ejectors employ a movable needle in the motive nozzle to control the flow in the motive port; however this
results in significant losses in efficiency and thus Danfoss has chosen not to do this. This means that the Danfoss
ejectors are fixed geometry ejectors. As the ejector functions as a High-Pressure Valve (HPV) in the transcritical
system, essentially controlling the gas cooler pressure to the optimal pressure with the given gas cooler outlet
temperature, it is necessary to control the capacity of the ejector. With a fixed geometry this is not possible within the
ejector itself, but control functionality can be achieved otherwise as described later.

The actual performance, e.g. the flows through the ejector, is a very complex physical problem involving expansion
and two-phase flow, which in themselves involve serious deviations when using theoretical calculation. As a
consequence, the performance is determined by measurements, and the resulting correlations are implemented in
CoolSelector. However, it is beneficial to simplify the ejectors behavior to understand the way it will operate in a
system.
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It is important to realize that with a given motive port, pressure and temperature the flow through the ejector is
basically a fixed value as the geometry is fixed — it can be considered as a fixed Kv value expansion valve. It is not
entirely correct though, as the amount of flow through the suction port affects the flow and pressure loss in the
mixture chamber and diffuser, and this affects the expansion in the motive nozzle. But once activated the ejector
provides the flow that is given by the geometry and, if the flow does not affect the conditions on the 3 ports, this
does not change. As in other expansion valves, the motive flow can become supersonic in the motive nozzle which
would be the upper limit of possible flow rate, and in that situation the downstream conditions do not affect the
motive flow.

With a given motive and outlet pressure and temperature, the suction nozzle flow depends on the pressure and
temperature (affecting the density) on the suction port. A high suction pressure provides a large pressure
difference to the low pressure in the jet coming out of the motive nozzle, and this in turn results in a higher flow.
Pressure difference is reduced in case there is no superheat. Again, the precise suction flow depends on what
happens in the mixing and diffuser (and motive flow is affected by suction flow) but in general a lower suction
pressure reduces the suction flow.

Ejectors do not operate efficiently below a too small pressure difference between motive (gas cooler) and outlet
pressure, and thus the ejector is stopped via a solenoid valve, and the expansion and High-Pressure control is
handled with traditional HPV. As a rule of thumb, the gas cooler pressure, if controlled by the EKE 80 Ejector
Controller, is too low when the gas cooler outlet temperature is below approximately 22 °C.

A factor often used to describe the ejector’s function is the entrainment ratio, which describe the suction flow
compared to the motive flow - expressed in %.

To the right is an example with different MT 06
evaporating temperatures (pressures) and
ejector suction superheat between 0 K and
15 K but keeping constant:

e Temperature out of the gas cooler = 35 °C
e Pressure in the gas cooler = 90 bar (a)

e Pressurein the receiver =38 bar (a)
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e -10°C/26,5 bar(a) -8°C/28 bar(a)
e -6°C/29,6 bar(a) -4°C/31,3 bar(a)

© Danfoss | Climate Solutions | 2026.03 AB539323488001en-000101 | 4



Ejectors in Industrial CO2 systems, Type LP and HP

Ejector system types

Ejectors are normally used in several different configurations, which are described below.

High Pressure Ejector

The high-pressure ejector lifts MT flow to IT receiver pressure where it is taken by the parallel compressors. Parallel
compressors operate with higher efficiency and require less swept volume than MT compressors, as the suction
pressure is higher. This results in savings in both installation and operation.

Figure 2: HP Ejector with sample pressure levels
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At lower gas cooler pressures, the ejector and parallel compressors are deactivated, and the gas content of the IT
receiver is flashed to MT pressure. This corresponds to traditional booster operation; however, because the gas
cooler pressure is low (most likely subcritical), the system efficiency remains high.

As the ambient temperature increases, the amount of gas generated by flashing in the HPV valve increases. In
systems without ejectors, it typically becomes beneficial to start the parallel compressors at ambient temperatures
of 15 - 20 °C. With ejectors, however, the parallel compressors can be started at ambient temperatures 5 - 7 K
lower, allowing the benefits of parallel compression to be utilized over a larger portion of the year.

Using ejectors therefore enhances and extends the effective use of parallel compressors.

At high gas cooler pressures the ejector is activated, and the suction port takes gas from the MT pressure level (26
bar in the example) and delivers it to the IT receiver at 35 bar, from where it is handled by the parallel compressors.
The gas bypass valve is closed.

As mentioned, the ejector started with commercial (supermarket) systems, and these systems pioneered this
operational mode. However, the industrial systems often differ somewhat from the commercial systems. One of the
differences is that industrial systems often have a large load on the low temperature (LT) circuit while a relatively
small on the medium temperature (MT) circuit. If the ejector is sized to accept the entire flow from the gas cooler,
then the suction flow can easily accept much more than the MT evaporators can provide. Remember that the
ejector does not regulate, it takes the flow its geometry stipulates.
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The result is that some of the flow from the LT compressors is taken by the ejector suction port as well. This is not a
problem initself, in fact increasing the system efficiency, but since the LT compressor discharge temperature is very
superheated, the resulting mix temperature to the ejector suction port is increased over the temperature from the
MT evaporators. The operational envelope of the ejectors stipulate that the maximum superheat in the suction port
is 15K. With a very large flow from the LT compressors the gas cooler flow is high, the motive flow is high, and the
ejector will have a suction flow that is high as well. If this suction flow surpasses the MT flow to a high enough
degree, the suction temperature (superheat) becomes too high, and the ejector is outside its operating limits. The
solution is either to desuperheat the LT compressor discharge or to dimension the ejector to take a suction flow that
gives a mixture temperature that is within limits. That will result in a motive flow that is smaller than the gas cooler
flow so the remaining part will have to be bypassed by the HPV valve or a dedicated balancing valve (see control
section).

As an example, the system calculation below shows the problem. The system has an LT capacity of 1000 kW at
-30°C, while only 100 kW at-10 °C. The resultant mass flows in the system yields 8 kg/s out of the gas cooler, which
with a realistic entrainment ratio of 25% results in a ejector suction flow of 2 kg/s. Since the MT evaporator only
provides 0.4 kg/s at a temperature of -5 °C, the result is that 1.6 kg/s is taken from the LT compressors discharge
which is at 26 °C. The mix temperature of these flows is 19 °C which is outside the ejector’s envelope.

Figure 3: Example of ejector suction temperature problem
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If the ejector suction flow is limited to 1.2 kg/s, then 0.8 kg/s is taken from the LT compressor discharge, and the
resultant mix temperature is 15 °C which is (just) within the ejector envelope. With an ejector entrainment ratio of
25% that means that the ejector motive flow should be 4.8 kg/s, e.g the remaining gas cooler flow should be
handled by the HPV. This is a reduction of the ejectors effect on the system but since ejector operation is not
allowed with the above operating conditions, this is better than nothing.
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Low Pressure Ejector

The low-pressure ejector takes the entire flow from the MT evaporator and lifts it to the IT tank pressure. In this
way, the MT compressor suction is no longer directly tied to the MT evaporating pressure and can operate at a
higher pressure, resulting in improved compressor efficiency.

The MT compressor suction pressure can be set slightly below the IT tank pressure—sufficient to allow adequate
flow through the gas bypass valve. As the LT compressor discharge pressure increases, the efficiency of the LT
compressors decreases, partially offsetting the efficiency gains achieved in the MT compressors. If the LT load is
relatively high compared to the MT load, the overall efficiency gain may not be positive. In such cases, an HP
ejector system is recommended. This assessment must be made during the system design phase.

When the ejector is activated, the check valve in the MT evaporator line to the LT discharge/MT suction line closes
as the MT evaporating pressure drops, allowing the LT discharge/MT suction pressure to remain above the MT
evaporator pressure.

When the ejector is not activated, such as during low gas cooler outlet temperatures (low gas cooler pressure)—
there is no flow in the

ejector suction line, and the MT compressors must handle the entire flow. In this operating mode, the MT
compressor suction pressure and MT evaporator pressure are the same (minus the check valve pressure drop),
and the system operates as a conventional booster unit. As this occurs at low gas cooler pressure (most likely
subcritical), system efficiency remains high.

Figure 4: LP ejector with sample pressure levels
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When the ejector is activated (high gas cooler outlet temperature) the ejector controls the evaporating pressure. As
mentioned, the ejector itself cannot regulate, so the HPV valve or a dedicated balancing valve (see control section)
needs to regulate the flow to the ejector motive port that results in an ejector suction port flow that keeps the MT
evaporating pressure at the right level.

© Danfoss | Climate Solutions | 2026.03 AB539323488001en-000101 | 7



Ejectors in Industrial CO2 systems, Type LP and HP

Ejector control

The ejector replaces the HPV in the transcritical system and controls the gas cooler pressure. However, as
mentioned earlier, the fixed-geometry Danfoss ejector cannot regulate capacity due to efficiency considerations.
The solution is to use multiple ejectors and, if required, a (small) HPV valve to smooth the steps between ejector
capacities. In this context, the small HPV is referred to as a balancing valve.

Consequently, the ejector shown in the above application drawings consists of an array of ejectors combined with a
balancing valve.

In the commercial sector, this regulation challenge was addressed through the development of the Danfoss Multi
Ejector. This unit consists of a housing capable of accommodating up to seven ejector inserts of different sizes. The
variety of insert sizes allows different combinations to be activated, providing effective capacity regulation by
selecting which ejectors are in operation.

Figure 6: The Danfoss Multi Ejector Figure 7: The Large CO; Ejector

The Danfoss Multi Ejector is relatively small and thus usually not enough for industrial applications. This
prompted the development of the Danfoss Industrial Ejector. This ejector comes in 3 different sizes with much
higher capacity than the Multi Ejector.

Additionally, the ejectors should be paired with the EKE 80 Ejector Controller allowing for a smooth regulation across
the entire capacity range, by sequencing the ejectors sensibly.
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Figure 8: Ejector control example 1
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The above configuration sequences the three industrial ejectors (right) and smooths the capacity steps between them
using the multi-ejector (center). For even finer control, a balancing valve (right valve) is applied.

If the gas cooler pressure becomes too low for efficient ejector operation, the HPV (left valve) takes over and controls
the system as it would without ejectors. The EKE-80 also controls the HPV.

The sequence of ejector activation could look like the chart below.

Figure 9: Capacity distribution for HP Lift in an example system consisting of 4 LCE, 1 ME and 1 ICMTS 20 balancing valve with
an increasing capacity reference value
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valve is capable of covering several subsequent capability values.
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Online supp

Danfoss offers a wide range of support along with our products, including digital product information, software,
mobile apps, and expert guidance. See the possibilities below.

The Danfoss Product Store
The Danfoss Product Store is your one-stop shop for everything product related—no matter where
you are in the world or what area of the cooling industry you work in. Get quick access to essential
' information like product specs, code numbers, technical documentation, certifications, accessories,

and more.
Start browsing at store.danfoss.com.

Find technical documentation

Find the technical documentation you need to get your project up and running. Get direct access to
our official collection of data sheets, certificates and declarations, manuals and guides, 3D models
and drawings, case stories, brochures, and much more.

Start searching now at www.danfoss.com/en/service-and-support/documentation.

Get local information and support

Local Danfoss websites are the main sources for help and information about our company and
products. Find product availability, get the latest regional news, or connect with a nearby expert—all

in your own language.

Find your local Danfoss website here: www.danfoss.com/en/choose-region.

Danfoss Learning
Danfoss Learning is a free online learning platform. It features courses and materials specifically

designed to help engineers, installers, service technicians, and wholesalers better understand the
products, applications, industry topics, and trends that will help you do your job better.

Create your Danfoss Learning account for free at www.danfoss.com/en/service-and-support/learning.

Spare Parts

Get access to the Danfoss spare parts and service kit catalog right from your smartphone. The app
contains a wide range of components for air conditioning and refrigeration applications, such as
valves, strainers, pressure switches, and sensors.

»

Download the Spare Parts app for free at www.danfoss.com/en/service-and-support/downloads.

Coolselector®2 - find the best components for you HVAC/R system

Coolselector®2 makes it easy for engineers, consultants, and designers to find and order the best
components for refrigeration and air conditioning systems. Run calculations based on your operating
conditions and then choose the best setup for your system design.

Download Coolselector®2 for free at coolselector.danfoss.com.

Danfoss A/S

Climate Solutions » danfoss.com = +45 7488 2222

Any information, including, but not limited to information on selection of product, its application or use, product design, weight, dimensions, capacity or any other technical data in product manuals,
catalogues descriptions, advertisements, etc. and whether made available in writing, orally, electronically, anline or via download, shall be considered informative, and is only binding if and to the

extent, explicit reference is made in a guotation or order canfirmation. Danfass cannot accept any responsibility for possible errors in catalogues, brochures, videos and other material.

Danfoss reserves the right to alter its products without notice. This also applies to preducts ordered but not delivered provided that such alterations can be made without changes te ferm, fitor
function of the product.

All trademarks in this material are property of Danfoss A/S or Danfoss group companies. Danfoss and the Danfoss logo are trademarks of Danfoss A/S. All rights reserved.
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