Super Insulated Vacuum
Pipeline (SIVL)

ASISTEC

Tony Harbison Owner RTD

Technology T/A Asistec

SIVL s a highly
developed transfer
system for any extreme
temperature fluid; it

is most commonly
used for the transfer

of liquefied gases.
Compared to even the
best conventionally
lagged pipes, SIVL is

10 - 30 times more
efficient in reducing heat flow / transfer and offers exceptional
thermal efficiency. In turn saving money in operational costs.

Super Insulated Vacuum Line (SIVL) is also referred to as Vacuum
Insulated Pipe (VIP), Vacuum Jacketed Piping (VJP) or simply liquid
nitrogen pipework. This type of pipeline is the most efficient form of
cryogenic pipework for transferring cryogens or liquified gases from
one place to another.

Liquefied gases include Nitrogen, Oxygen, Argon, Helium, Natural
Gas, Carbon Dioxide, Hydrogen, and LNG.

Remembering that a liquid gas only flows in the pipeline once the
pipeline has reached the boiling point of the specific cryogen. The
pipeline must as far as possible keep the cold in.

SIVL is manufactured almost entirely of high-grade stainless steel; a
durable material that also reduces maintenance costs. The line has
a hygienic finish (polished stainless steel) and is eminently suitable
for use in food, medical and research establishments as well as in
general industry.

The SIVL line’s standard small outer diameter (76 mm) conserves
space within the building and on pipe racks. SIVL consists of
prefabricated line sections with on-site welded couplings between
line sections. This design ensures maximum flexibility for future
extension, modification, and no need for continuous evacuation.

Advantage of using SIVL pipelines:

« Cost saving through the reduction of cryogen losses.

« Optically appealing. Polished Stainless Steel.

» Manufactured in non-magnetic, highly corrosion resistant Stainless
steel so can be routed to clean rooms or classified control zones.

» They can be extended as required.

« Long life product requiring little maintenance other than visual
inspection.

Site specific Pipelines

Most locations for SIVL pipelines have different shaped buildings
and so we get piping routes of all shapes and sizes. The only certain
factor is that there is;

1. The pipeline start, usually located at the source of Cryogen.
Bulk tank location.

2. An end of pipeline where cryogen will serve an application.

In between the start and end there are other considerations:

« Length of pipeline.

« Pipeline ID bore size to suit demand of application.

« Route of pipeline.

« Pipeline rises.

« Pipeline falls.

» Number of turns requiring vacuum insulated elbows and junctions.

« Spool size for fitting into narrow or small spaces.

» Minimizing number of joints.

= Spool vacuum port locations for service.

« Spool lengths to suit site fabrication and welding of adjacent pipe
segments.

 Phase separator requirements.

« Return piping requirements.

« Vent line requirements.

« Fixtures and fittings on pipeline, ports, valves, pressure relief
valves, filters.

« Sizing of pressure relief valves.

« SIL rating of valves and actuators.

« Supports and brackets.

« Installation accessibility.

« Shipping size limitations.

« Cryogen Bulk tank connection.

» Additional Insulation.

« Other factors.

SIVL pipeline applications:

« Electronic, Semiconductor and MBE

 Biomedical, Pharmaceutical and Biotechnology

» Food and Beverage

« Aerospace and automotive.

« General Industrial

« Laboratory - hospital, industrial and university, research institute.
» Marine Industry

« Air separation Industry

« Other
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Decisions / Choices

A pipeline is only the Cryogen delivery highway in effect and as such
is a dumb specialized hardware product. It cannot operate with no
consideration of the following:

Application
What cryogen, Cryogen volume, and supply pressure of the cryogen
is required at the process application. The end of the pipeline.

Factors affecting volume and pressure at the point of use include:

1. Length of pipeline. Pressure of supply cryogen will drop with
distance travelled.

2. Pipeline ID bore size to suit. Bore will determine the Cryogen
volume supplied but can impact pressure as well. See figure 1.
SIVL has a range of standard inner diameters from %" NB (18mm
ID) to 3”NB (85mm ID) to suit requirements for flow volume and
pressure. Smaller and larger bespoke sizes can be manufactured
as required.

3. Pipeline rise. Pressure drops with rise in elevation.

4. Pipeline falls. Can produce gas and less pure Cryogen supply and
possible pressure variations.

5. Cryogen Bulk tank pressure controls. There will be a requirement
to adjust the supply cryogen pressure with the use of an
economizer.

6. |s there a requirement for more than one use of the supplied
Cryogen? Does each application have the same supply pressure
requirements?

Applications include Cell bank freezers, Rate controlled
Freezers,Cryostat, Freeze Drying/ Lyophilization,

Semiconductor cooling, Small transport vessel filling,
Cryoshipper charging etc.

Performance

Applications may require stable Cryogen supply pressure.
Variations may not be accepted by application. A bad Cryogen
supply can cause multiple problems with applications and
potential risk to product both physically and commercially.
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Figure 1. Pipeline ID bore, flowrate and the Cryogen volume supplied.

Safety

Cryogens brought into a facility in liquid form have huge safety
concerns. This is primarily related to the expansion rates of

Liquefied gas to vapour gas. For example, Liquid Nitrogen expands
683 times its volume at 1 bar pressure. If there is even a small leak

or release of liquified gas in an enclosed space this will suppress
Oxygen levels. So, whilst the pipeline is not intelligent it must

have controls for safe operations. Safety controls and interlocks to
stop the Cryogen supply are needed. Environmental monitoring/

Oxygen monitoring is a minimum requirement. Emergency Stop
mechanisms should be in place. Management of gases generated

to cool the pipeline should be exhausted safely. A suitable HVAC

system with a thought-out air change philosophy should be in
place. The system will have cold parts and with knowledge of these
appropriate actions will need to be undertaken. Controlled
access to the end of process line room should be in place.

Pipe route

Each system install configuration is selected to minimize the total
number of sections and bends required with consideration given to
such factors as; installation accessibility, shipping size limitations,
flow rates, and allowable pressure drops etc. Vacuum insulated tees,
elbows and valves are all incorporated within the installation, thus
eliminating costly inefficient arrangements / heat loss. For Heat loss

please see Figure 3.




Rigid pipelines are the best for getting optimum quality of the liquid
cryogen. In some cases it cannot be avoided that flexible parts have
to be used. This leads to deterioration in the liquid quality as the
corrugations cause a much higher pressure drop along the pipeline.
Furthermore, the investment costs are much higher.

If flexible section is required, they are fitted only if necessary. The
quality of the liquid cryogen delivered can be improved through the
use of phase separators, gas vents or sub coolers.

Pipe /Tube | Watts per | Elbow Tee Welded joint Bayonet
bore meter joint
15mm 0.16 0.24 0.24 1.50 1.50
1"Tube 0.26 0.38 0.39 2,53 2.50
1" Pipe 0.35 0.5 0.51 2.53 2.50
17%"Tube 0.4 0.56 0.56 3.10 3.00
1 %" Pipe 0.5 0.71 0.71 3.10 3.00
Maximum Operating Pressure = 10.5Bar

Figure 2; Heat Loss of SIVL Piping W/m.

Price

What budget have we to work with?

What are the lifetime operating costs?

Energy consumption?

Service life?

Warranty?

Maintenance, Support and Cost of replacement parts?

Size / Space

Does the location have space for the project installation.
Is space is at a premium?

This will impact the size of application equipment.

Is the space suitable?

Is there ventilation or HVAC control.

Can the proposed location have controlled access.

Does the proposed location doors have viewing panels.
Is there a requirement for future expansion of the facility.
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Energy efficiency - A growing trend

Lower operating costs. Increasing efficiencies in the operation of the
pipeline is fundamental for cost savings and this factor is commonly
overlooked.

Environmentally friendly implications and appropriate actions.
Good Operation and thought-out pipeline layout will increase
efficiency and reduce losses.

Loses in the cryogen pipeline delivery system.
1. Line pressure drop.

2.Turbulence due to elbows and tees.

3. Cool down losses.

4. Hydrostatic head losses.

5. Insulation and steady state losses.

Data logging and connectivity

The SIVL Pipeline connection possibilities is an emerging request.
Monitoring and datalogging valve operation is now becoming more
common. Position switches allow early warning of possible system

errors.

Standards
SIVL products meet several stringent international design codes

including:

1. AD-Merkblatt

2. ASME

3. British Standards
4.CODAP

5.TOV




SIVL Pipeline Construction
SIVL Pipeline is just a delivery highway, but the internal construction

is more complex. This ensures the inner pipeline is cold and the
outer pipeline surface as at ambient temperature.

All pipe contraction takes place within the inner pipe and outer pipe
dims remains fixed.

See Figure 3a and 3b.

Figure 3a. SIVL pipeline component parts.
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Figure 3b. SIVL pipeline component parts
Lines can be site welded or supplied with thermally efficient
bayonet couplings for installation by locally supplied labour.

Asistec and its suppliers will design, manufacture, supply and install
complete vacuum super-insulated pipelines for liquefied gases.
Pipeline installations are designed to meet customers’ exact needs
and exacting standard.
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