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Introduction

1 Introduction
Note The pressure required to pass 60 scfm of Gas through the Helipure system

depends on the Membrane type fitted.

Pre May 2007 = 100 bar

May 2007 - December 2012 = 30 - 40 bar

January 2013 onward = 25 - 30 bar

1.1 Membrane Technology

Although fluid separation using permeable membranes is an established technique for liquid
purification, similar systems for gas purification have only recently been developed. These
systems have mainly been used within large industrial complexes for the separation of natural
gas. Divex developed this technique to produce a compact, low cost unit for the purification of
helium to compliment its existing range of gas management systems for the commercial
diving industry. This has now been significantly improved by incorporating new technology
acquired by Divex.

1.2 Operational Scope

During normal diving operations Helium is reclaimed from the diving complex using the
Gaspure system. This routes Helium vented from equipment locks etc to a gasbag. When the
gasbag is filled, gas is pumped to High Pressure Storage via a HP Compressor and filtration
system.

A single storage tube within the ships gas storage system is normally dedicated to receive
this reclaimed Helium and this is gradually filled over a period of days. In the past, there has
been a problem in re-using this gas due to the fact that it contains significant quantities of air
(typically 5 to 10%). The Helipure system allows this air to be removed and the gas to be
safely reused within the dive complex.

The Helipure is used periodically, in conjunction with the gasbag, compressor and filtration
package of the Gaspure system. Dirty gas (Helium and Air) is decanted from the Gaspure
storage tube through the Helipure system where the air is removed. It is then passed to the
gasbag from where the compressor recompresses the now clean gas and passes through the
filtration package.

After this the gas can be routed into an empty, clean storage tube for subsequent re-use
within the dive system. It should be noted that a gas analysis must be carried out on this
cleaned gas before reuse to ensure the oxygen content is within usable limits.

2 System Operation

2.1 Overview

Gas is routed to the Helipure System from high pressure storage. From here it passes to the
pressurisation control system. This limits the speed at which the membranes are pressurised
and hence prevents damage. From here gas passes to an electrical heater which controls the
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temperature of the feed gas to 40°C, the optimum running temperature for the membranes.

On leaving the heater gas passes to the two membranes which are connected up in parallel.

Within the pressure vessels helium passes through the membrane module to the low
pressure side and Nitrogen, Oxygen and Argon are connected on the high pressure side and
dumped via the dump gas metering valve. The clean gas is directed to the gasbag via the
outlet check valve.

An analysis panel mounted on top of the unit allows analysis to be made of the helium content
or the main gas streams to allow optimum performance to be maintained during processing. It
should be noted however, that this type of analyser can only provide a rough guide to helium
content and tubes of cleaned gas must be accurately analysed prior to re-use.

2.2 Pressurisation Control Panel 

This system consists of a dome loaded regulator, the loading pressure of which is controlled
by a hand loaded regulator. A restrictor limits flow from the hand loader into a buffer volume,
connected to the dome. This limits the pressurisation rate of the dome and hence the
downstream pressure of the dome loaded regulator. A check valve in the circuit allows the
buffer volume to vent down when the system is shut down readying it for the next
pressurisation sequence.

2.3 Gas Heater 

Performance of the Helipure system is dependent on the temperature of the gas passing
through the membranes, the optimum temperature being 40°C.

This is achieved using an electrical gas heater with an electric temperature control and
display. A resistance thermometer measures the outlet temperature from the heater housing
and this is then displayed on the controller. The controller then compares the actual
temperature with the desired temperature and switches on or off the heater as required.

A second temperature sensor located on the outside of the heater housing is used to check
the housing temperature and will switch off the heater should a fault develop. A flow switch in
the clean gas outlet, monitors for flow from the unit and also will switch off the heater when no
flow is indicated. This protects both the membranes from being overheated and the heater
element from burning out.

2.4 Membrane Housing 

The membrane elements are housed in two stainless steel pressure vessels with bolted end
caps to enable the elements to be entered and withdrawn.

The membrane element is internally secured to one end cap using a tube fitting and internally
sealed to the bore of the pressure housing using a lip seal or O-ring. Due to this seal, gas
entering the pressure housing is thus forced down the length of the membrane and permeate
gas flows through the membrane into the central tube and out via the fitting.

To avoid the pressure housing acting as a heat sink and cooling the preheated inlet gas, trace
heating tapes are spirally wrapped along the external length of each pressure vessel.   These
self regulating trace heating tapes are preset at and are left permanently on. When power to
the Helipure is switched on a preheat time of 30 minutes should allow to bring the housing up
to temperature. The pressure vessel housing is thereafter continually kept warm. Insulation
applied around the outside of the tape reduces heat loss to the atmosphere and a further
cladding of stainless steel prevents mechanical damage to the insulation and heating tapes.
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It should also be noted that although the membranes are robust, they are easily damaged by
the ingress of water. To avoid this during transportation, the housings are supplied sealed and
pressurised with dry gas. If for any reason the membranes are to be removed for inspection
they must be temporarily stores in a sealed bag away from high humidity.

A pressure relief valve is fitted to limit the pressure differential across the membranes thus
preventing accidental over pressurisation. From the appendix it can be seen that the
membrane elements are particularly sensitive to reverse pressurisation therefore a check
valve is fitted which relieves pressure back from the clean gas to the dump gas should this be
likely to occur.

3 Operating Procedure

3.1 Procedures

1 Ensure power to the Helipure system is on and trace heaters are functioning (housings
should be warm to the touch).

2 Calibrate the helium analyser (see section 5 Helium Analyser).

3 Bring the dirty high pressure storage bank on line to the Helipure.

4 Set inlet pressure to membranes to around 25 bar using the hand loading regulator.

5 Gas will now flow out of the unit to the gasbag.

6 The performance of the unit can now be optimised as outlined below and further
defined in section 4 Optimising the Performance.

7 Analyse the dump gas sample. 

8 Open up the dump valve slowly until the helium content in the gas suddenly starts to
rise.

Note There is a time lag in the system so open the valve one turn then wait for
approximately one minute then repeat as required.

9 Close off metering valve again (about half of 1 turn).

10 Helium content of the dump gas will drop back (again note the time lag).

11 The optimum setting is just before this sudden rise in helium content. Periodically
check that this optimum setting is being maintained.

12 Inlet gas and clean gas samples can also be taken to check the unit performance and
calculate recovery rates (see section 4 Optimising the Performance).

13 Once the dump flow rate is correctly set the temperature controller should maintain the
inlet gas temperature at 40 ±2°C.

14 The analyser will require periodic recalibration as it is sensitive to changes in ambient
temperature.
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4 Optimising the Performance

4.1 Optimising the Dump Flow

With the Helipure set up as detailed in the operating instructions, only the dump valve needs
to be adjusted to provide the optimum performance. The setting of this valve is dependent on
the gas mixture being supplied to the Helipure.

As the dump gas flow increases, the purity of the clean gas improves at the expense of the
helium recovery rate. As the dump gas flow decreases, the helium recovery improves at the
expense of the clean gas purity.

The effect of adjusting the dump gas flow is non linear. If the dump flow is too low a significant
improvement in the clean gas purity can be achieved by increasing the flow with only a
minimal reduction in the gas recovery rate. Conversely if the dump flow is too high a
significant improvement in the recovery rate can be achieved by reducing the dump flow with
only a minimal reduction in clean gas purity.

The optimum setting is best achieved by:

1 Starting with a low dump flow.

2 Measuring the helium content of the gas.

3 Gradually open up the metering valve until the desired recovery rate/clean gas purity
balance is achieved.

4 As a rough guide to performance the Helipure unit will divide the Oxygen content of the
Heliox mixture by 2 and the Nitrogen content by 2.5.

Table 1 Example;

Note A period of at least one minute must elapse before the effect of adjusting the dump
flow is registered on the helium analyser.

Reclaimed Gas Cleaned Gas

4.5% Oxygen <3% Oxygen

7.5% Nitrogen <3% Nitrogen

88% Helium >94% Helium
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4.2 Calculating Helium Recovery Rate 

The following measurements need to be taken to calculate the helium recovery rate.

Hein = % helium in the supply gas

Hec = % helium in the clean gas

Hed = % helium in the dump gas

Substitution of these into the following equation will then give the recovery rate, where;

R = Recovery Rate. 

Recovery Rate example;

helium in the supply gas= 92.1 %

helium in the clean gas= 95.5 %

helium in the dump gas= 42.2 %     

R Hein Hed–
Hec Hed–
--------------------------- Hec

Hein
----------- 100=

R Hein Hed–
Hec Hed–
--------------------------- Hec

Hein
----------- 100=

R 92.1 42.2–
95.5 42.2–
--------------------------- 95.5

92.1
---------- 100=

R 49.9
53.3
---------- 1.036 100=

R 0.936 103.6=

R 96.9%=
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4.3 Factors Affecting Performance

There are three factors on which the performance of a membrane is assessed.
• Clean Flow Rate
• Purity of Clean Gas
• Helium Recovery Rate

For a given membrane there are four factors which affect is performance.
• The supply Gas Mixture
• The Pressure Ratio Across the Membrane
• The Gas Temperature at the Membrane
• The Dump Gas Flow Rate

Increasing the levels of helium in the supply gas mixture.
• Increases the clean gas flow rate
• Increases the purity of the clean gas
• Increases the helium recovery rate

It also reduces the optimum dump flow rate. The increase in the level of helium in the supply
gas does not produce a corresponding increase in the purity of the clean gas.

If the supply gas is about 85% helium the clean gas will be about 95% helium.

It the supply gas is about 95% helium the clean gas will be about 97.5% helium.

Increasing the pressure ratio across the membranes
• Increases the clean gas rate
• Increases the purity of the clean gas
• Increases the helium recovery rate

However, if the differential pressure across the membranes exceeds 50 bar there is a risk that
they will be damaged.

If the outlet pressure is increased the inlet pressure can also be increased by the same
amount. However, the pressure ratio will fail and hence the overall performance will fall as
well. It is therefore important to minimise the back pressure between the Helipure and the
gasbag.

Increasing the gas temperature
• Increases the clean gas flow rate
• Decreases the purity of the clean gas slightly
• Increases the helium recovery rate slightly

If the temperature of the membrane exceeds 60°C there is a high risk of them being
damaged.

As discussed previously increasing the dump flow rate principally improves the purity of the
clean gas and decreases the helium recovery rate. It also increases the supply gas flow rate
to a lesser extent.
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5 Helium Analyser
Note A calibration gas with a known concentration of Helium is required in order to

perform the following operations.

The gas sensor housing is a modular stainless steel assembly which accommodates a
Thermal Conductivity Sensor and a Sensor Amplifier. Power is supplied to the sensor by a
24 volts dc Switching Power Supply. The sensor amplifier converts the gas reading into a 4 to
20 mA signal for connection to a loop powered LED indicator which gives an accurate, zero
corrected indication of the loop current.

The unit as supplied is suitable for measuring Helium in the range 0 to 100%.

Sample flow rate is 1 to 2 litres/minute.

Time to reach final reading after introduction of gas mixture is dependant on calibration but is
typically 10 seconds.

5.1 Calibration

1 Ensure that the 24 volt Switching Power Supply Unit is switched on.

2 Adjust the ‘ZERO’ potentiometer on the front facia panel of the Helipure system until
the LED indicator reads 0%.

3 Introduce a known calibration gas to the detector through the flexible hose which is
connected to the inlet of the sample gas flow-meter, at a flow of between 1 and 2 litres/
minute. The meter reading will indicate the gas concentration.

4 Allow the gas reading to stabilise and adjust the ‘SPAN’ potentiometer on the front facia
panel of the Helipure system until the LED indicator reads the appropriate reading.

5 The analyser may require periodic re-calibration as it is sensitive to changes in ambient
temperature.

5.2 Operation

The analyser is permanently on when there is power to the Helipure and will give a
continuous readout of the Helium percentage at the sensor.

Sample of the supply gas, the clean gas and the dump gas can be monitored alternatively by
connecting the flexible hose on the sample gas flow meter to the desired sample line.

Metering valves in each sample line are used to control the flow rate of gas to the analyser
sensor to between 1 and 2 litres/minute.
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6 Maintenance & Trouble Shooting
The membranes in the Helipure will work efficiently for many years as long as the gas
supplied to the unit is clean and free from moisture ideally -50°C dew point or below. All gas
supplied to the unit which has passed through a gaspure system is -50°C dew point and
filtered to 0.01 micron.

Set up a supply of 7 bar of dry air to each membrane in turn using a calibrated gauge. The
clean gas flow from each membrane should be less than 30 litres/minute flow rate measured
by routing the gas through a test hose and into the sample flow meter on the panel.

If either membrane has a flow rate well in excess of 40 litres/minute, replace the o-rings on
the v.c.o fittings on the end of the faulty membrane. If this does not rectify the fault, the
membrane may be damaged from exposure to higher than normal operating temperatures or
by moisture in the gas and so should be replaced. All existing faults must be rectified before
replacement of membranes as further damage is likely to occur.

New membranes must not be exposed to moisture or high humidity after removal from
packing before installation in the Helipure housing.

MEMBRANE REPLACEMENT
If reduced membrane efficiency is experienced and membrane replacement is
required, please contact JFD Ltd. for assistance as system settings may need to be
updated. 
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7 Spares Kit 

Part No. Description No. Off

C10280 Spares Kit, Helipure 1

Consisting of:

FK31214 Kit, Spares, Filter 1

GP2036 Gauge,63 mm,0-1500 PSI,O2 Clean,1/4"MNPT Rear Entry 1

GP2037 Gauge,63mm,0-1500 PSI,O2 Clean,1/4"MNPT Bottom 1

GP274 Gauge,63 mm,0-4000 PSI,O2 Clean,1/4"MNPT Rear Entry 1

RN018-7 O-Ring, Membrane Outlet Seal 1

RN224-7 O-Ring, Membrane Inlet Seal 1

RN225-7 O-Ring, Membrane Housing Seal 2

RV119-7 O-Ring, Heater Element Housing Seal 1

SE29015 Sensor, Helium, 9100-4535 1

SE29016 Sensor, Oxygen, 9100-9212-94 1

VK25P Kit, Seal, For 4R3A Relief Valve 2

VK31500 Kit, Packing, Metering Valve, To Suit VS296 3

VK33P Kit, Seal, For Regulator A210M, 3/8" 1

VK35P Kit, Seal, For Regulator A11, 3/8" 1

VK44P Valve Seal Kit, For B-18KM8-A 1

VM038 Spring For 4CPZ-1 3

VM106 O-Ring For C/V B-4CP2-1, 1/4" 3



10 P1823-OM-45 Rev 14
Spares Kit

Intentionally blank



P1823-OM-45 Rev 14 A.1

APPENDIX A SYSTEM DRAWINGS

Helipure System, General Arrangement   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A.2

Helipure System, AA Version   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A.3

Process & Instrumentation Diagram, Helipure System  . . . . . . . . . . . . . . . . . . . . . . . . . . . A.4

Membrane Assembly, Helipure System   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A.5

Heater Housing Assembly  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A.6

Schematic, Helipure Wiring, Top Enclosure Layout   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A.7



A.2 P1823-OM-45 Rev 14

Helipure System, General Arrangement 
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Helipure System, AA Version 
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Process & Instrumentation Diagram, Helipure System 
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Membrane Assembly, Helipure System 
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Heater Housing Assembly 

�

�������

�	
��������������	�������	������������������	���	���
�����	������	��	�	������	��	�����	������������������������
����������������������������	��	�	������	������������

�������������	���������	��	��	���	�	����������������

����������� 

��	����������!���	�� �����	�� 

����
�����������"�����

����	����	���	���#���$

����������������%&��'
������	���������%&�&�

������	��������%&��
�����	���������%��&

�	����	�������������� 

��� ����(����&&(
�	�	�� 

�������

�

�����
�� 

��������� 

����� 

����(����&&(

����������	����������

����&(

�����

�������)� �����)�

����

����

����

�� ���� ����*&

����)�

�	���
� �

���	����

�
��� ��


�

��

����
 �����	��	������
	�	�� ��� ����� ���
��������� ����� ����

����	����	�������������	��#���$

����	��+���+

�

( �

�*&

,�
�� -���*&

�� -���*&

��� -���*&�������� �,�-�*��-� �� �� !� !�

� (&���*(������� ���- �� �� ��� ���

�

,�

Parts list (not part of drawing)

Item Part No. Description No. Off

1 M1010 Body, Heat Exchanger, Helipure 1

2 M1000 Heat Exchanger Element HSG, Helipure 1

3 RV119-7 O-ring 1



P1823-OM-45 Rev 14 A.7

Schematic, Helipure Wiring, Top Enclosure Layout 
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APPENDIX B MANUFACTURER RELATED DOCUMENTS

The following details the web links where manufacturers’ operating, service and maintenance
information for the major components may be sourced.

CAL 9900 Autotune PID Temperature Controller

http://www.west-cs.com/assets/Manuals/CAL-9900-Manual.pdf

Hotwatt Cartridge Heater

http://www.hawco.co.uk/en/media/bluelogic/legacyproducts_uploadfiles/h/o/hotwatt_sc.pdf

Note Should you not be able to locate the relevant data sheets please contact you nearest
JFD office for assistance.

http://www.west-cs.com/assets/Manuals/CAL-9900-Manual.pdf
http://www.hawco.co.uk/en/media/bluelogic/legacyproducts_uploadfiles/h/o/hotwatt_sc.pdf
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