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Vacuum-Jacketed Rotary Joints for Pipelines

A rotary joint mechanism can be used on vacuum-
jacketed pipelines carrying liquified gases at ultralow
temperatures. The design can easily be adapted to any
pipes (particularly, insulated lines) transporting gases
or liquids, including those that are noxious or cor-

rosive.
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A jacketed pipeline transporting cryogenic liquified
gas may require rotation points at various interfaces
in the line— for instance, swinging arms at delivery
points. Such rotation has been provided by flexible
lengths of line which have thin walls easily damaged
by impact or corrosion. In addition, these lines trans-
mit the torsional loads applied to them. One ob-
Jective in designing the new joint was to permit
rotary motion while restricting heat loss to no more

than that from a standard coupling.

The new joint (see fig.) absorbs all significant

torque and is as rugged as heavy metallic pipe.
In addition, its thermal insulation compares with
that of a length of flexible pipe. The calculated
heat leak for a 20.32 cm (8 in.) rotary joint was 9240
watts (315 Btu/hr), while tests with liquid nitrogen
showed a leak rate of 6717 watts (229 Btu/hr). No
liquid leak was detectable when the joint was stat-
ically pressurized to 206.7 kN/m2 (30 psi) with
liquid nitrogen. When the joint was rotated at
24.15 rad/sec (3.2 rpm) with a side load of 3400
Jjoules (2500 ft-1b), the torque required was 272 joules
(200 ft-1b) and the leakage was less than 137 cm3/sec
(5 in3/min) (standard). Joints measuring 15.24 cm(6in)
were also built and tested.

The rotary joint includes: a combination of a sliding
cryogenic lip seal, a sliding ambient-pressure lip seal,
an environmental lip seal, an insulation structure,
conical-block insulation, and a roller-bearing arrange-
ment, all of which permit low-torque rotation and
restrict heat leak to that of a typical bayonet joint;
incorporation of overlapping conical supports and
thermally isolating members which reduce face-to-
face dimensions; long-heat-path cones which greatly
reduce heat input to the fluid; and bearings which
remain at ambient temperature while cryogenic fluids
are -handled. With cryogenic fluid being transferred,
the joint can be either stationary or rotating, and the
primary lip seal will remain at ambient temperature.

Another interesting feature is that heat leakage
to the fluid is reduced considerably by enclosing at
least 90% of the joint in a vacuum to eliminate
conduction and convection. Using a porous insulating
block greatly reduces heat transfer between the fluid
and the ambient-temperature jacket; the block pre-
vents gas permeation and has a conductivity of less
than 1.44 watts/m (0.15 Btu/hr-ft).
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