
 



 

 

 

  

 

 

Cryogenic cooling 
 

 

 

Analysis 
 

We will analyse our client’s specification 

and together with our partners at Monroe 

Brothers, design a system or piece of 

equipment that will perform to the required 

level.  

 

 

 

 
                   

   
Design and engineering 
 

Using 2D and 3D design software, finite 

element analysis and extensive manual 

calculations, our products and systems are 

designed to cope with all operational 

conditions.  

    
 

   
Manufacture 
 

With a wealth of experience, in-house 

machining capabilities, well-equipped 

clean-room facilities for all cryogenic work, 

vacuum test pumps, and Helium leak 

detection capabilities, our products leave 

our factory with the highest standards of 

workmanship and quality.  

 

 

 
   
Electrical and software 
 

Our in-house team create bespoke 

software, using trusted hardware from 

Siemens, to give reliable, accurate and 

safe control of our equipment. 

 

 

 
   
Clients 
 

We supply to industrial, research, medical 

clients amongst many other clients 

worldwide.  Here are just a few examples. 
 

   
 

 

 

 

 

 

 

 

 

 

 

 

 



 

Nitrogen / Helium Cryostat-based cooling system 
 

 

Design Challenge 
 

GRE were contacted in 2013 to design, manufacture, test and install a 

cryogenic cooling / temperature control system for a state-of-the-art laser 

amplification system. 

The requirements were stringent. The system had to:  

• Ramp down the temperature from ambient to 90K at a steady rate 

(typically 5K per minute) 

• Hold the final temperature to within ± 0.5K of setpoint under varying 

Thermal load 

• Be ‘oxygen-clean’, and entirely free of hydrocarbons, oil even 

fingerprints 

Be able to operate entirely independent of the laser system, with its own 

dedicated instrumentation and controls system. 

 

Solution 
 

GRE, along with our consultant Charles Monroe of Monroe Brothers Ltd, designed, manufactured, and installed a state-

of-the-art vacuum-insulated cryogenic cooling system. The system used a custom-designed cryogenic fan to circulate 

gaseous helium through our system and out to cool the client’s equipment. 

 

Technical Details 

 
Gaseous helium is circulated, and the volumetric flow rate is measured and converted into mass flow. This flow can then 

be controlled from 0 to 150 g/s to optimise the flow profile over our client’s equipment. Within the vacuum-insulated 

space, the gaseous helium is circulated through a heat exchanger which is cooled by a secondary-circuit of liquid 

nitrogen. Temperature is controlled by varying the helium flow through the heat exchanger and was better than the ± 

0.5K specified. Temperature, pressure, and flow instrumentation constantly fed data back to the control system, which 

enables the user to constantly monitor and “tweak” the performance of the cryogenic cooling system via the custom-

programmed colour, touch-screen, graphical HMI. 

 

 

 

 

 

 

 

 

  



 

Liquid nitrogen distribution system (valve box) 
 

Design Challenge 
 

GRE won a competitive tender to design, manufacture and install four-off liquid nitrogen distribution systems for a large 

(Ø5m x 8m long) vacuum chamber to be used for testing satellites. This equipment is located in an ISO-6 clean room, 

and so not only had to be delivered in a fit state to be installed in a clean room, but must not contaminate the clean 

room environment during operation (including producing condensation or ice from cold surfaces). 

 

Solution 
 

GRE produced four vacuum-insulated vessels, designed to be mounted to the door of the vacuum chamber. Within 

these vacuum vessels were all the necessary components to deliver flow of liquid nitrogen to 18x separate internal 

cooling circuits. These “valve boxes” were manufactured in our purpose-built clean room to ensure that the required 

cleanliness level was met and were fully tested and double-bagged before delivery. 

 

Technical Details 

 

Each vessel contained the necessary pipework and manifolds for the liquid nitrogen, plus a control valve for each circuit 

(18 in total). Liquid nitrogen enters a common port on the vessel body, from where it is split and distributed across the 

18 circuits. The nitrogen is boiled off within the client’s equipment as it cools the system and is returned to the GRE 

system, where the exhaust gas leaves to a safe vent via a single vacuum-insulated cryogenic connection. 

Additionally, in order to guarantee liquid nitrogen saturation inside the vessel, there were heaters and temperature 

sensors on the gaseous nitrogen outlet, allowing the user to control the superheat at the gas outlet and thus know that 

the nitrogen inside the vessel is still in liquid phase. 
 

  



 

Liquid Nitrogen cooling system for Tokamak fusion reactor 
 

Design Challenge 
 

GRE were privileged to win a contract to provide a cooling / temperature control system for an experimental fusion 

reactor. The requirement was to provide independent thermal control for all the twenty-six separate channels within the 

fusion reactor. Furthermore, the requirement was to bring the system down slowly – at approximately 1K every minute – 

from ambient temperature to liquid nitrogen temperature (-196°C).  

The system had to operate as a “black box”, entirely independently of any external control system. 

 

Solution    

GRE designed, manufactured, tested, installed, and commissioned a complete system to deliver temperature control as 

specified. 

Primarily the system will: 

• Bring in liquid nitrogen from a cooling source (storage tank) 

• Produce warm gaseous nitrogen from the cold liquid by boiling 

• Mix the liquid with the gas in a measured way, in order to produce the smooth ramp down required 

• Distribute the gas/liquid nitrogen mix to the experimental fusion reactor 

• Stabilise the entire reactor (> 8,000kg, mostly copper) at liquid nitrogen temperature 

• Re-establish temperature control and bring back to liquid nitrogen temperature after an experimental energy 

release has been performed 

 

  



 

Heating/cooling shrouds for space test chamber 
 

Design Challenge 
 

Produce 96 individual thermal shroud panels, capable of heating and cooling two of the UK’s largest Space Test 

Chambers to enable the simulation of conditions close to those found in outer space. 

 

Solution    

 
GRE designed, engineered, and manufactured two full installations at the prestigious RAL Space test centre.  GRE’s in-

house engineering team undertook extensive thermal and structural FEA (Finite Element Analysis) to prove the design 

before equipping our facility with the necessary equipment and skills required for manufacture.   
 

Temperature Range    -80K to 400K 

 

Key Features    

 
All 2D and 3D design work, thermal and structural FEA undertaken in-house at GRE; capital equipment investment made 

to ensure accurate and repeatable manufacturing.  Multi-stage testing and logging of all parts produced.  Full document 

control to ensure traceability of materials, manufacture, and final product.  In-house bake out/outgassing facility with 

TQCM (Thermoelectric Quartz Crystal Microbalance) measurement. 

  



 

Liquid Helium cooled gaseous Helium cryostat 
 

 

Design Challenge 
 

GRE won a competitive tender to design, manufacture, test and deliver a cryogenic system combining liquid and 

gaseous helium. The specification included a Liquid Helium Dewar, a liquid/gaseous helium distribution vessel, and 

multiple vacuum-insulated transfer lines, all made to a demanding leak tightness requirement and to very high welding 

standards. Furthermore, the entire system was installed in a radioactive environment which provided an additional 

design challenge. 

 

Solution 
 

GRE, in conjunction with our consultant Charles Monroe of Monroe Brothers Ltd, designed and manufactured a system 

to suit the application. Specific attention was paid to minimising the leak rate and to minimising the heat load into the 

helium circuit from the ambient temperature. GRE worked with our client’s engineers to ensure the mechanical fit was 

perfect.  

In order to meet the exacting weld standards, GRE introduced multiple new welding procedures and all welded 

pipework was inspected - some by radiography. The system ultimately met the requirements in terms of leak tightness 

and weld quality. 

 

The system was configured around a vacuum-insulated  

liquid / gaseous helium distribution vessel (“cryostat”)  

and involved introducing liquified helium from an outside  

source into the vessel, then using this to cool gaseous  

helium to a specific temperature. 

 

Liquid helium was supplied through a multi-channel transfer 

line, with liquid helium at its core, followed by gaseous helium 

and liquid nitrogen as insulating layers, with a vacuum space 

around each, making a total of six concurrent flow paths. 

 

 

 

 

 

  



 

 


