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Abstract

A survey of He II vaporliquid phasc scparation is glvcn
emphasizing fuid-related transport phenomena. In this Part T flow
phenomena arc addressed based on the findings of the Ph.D. Ihcsns of the
first author**. The historical development in the phase separation arca
has promoted systems in which the solid state component acts & an insu-
lated body. It is noted though that the “Fairbank plug” fimit constitutes
another type of phase separalion mode useful for very low heat rejection
rates.

In fluid transport-controlled vapor liquid phasc  scparation
(VLPS) the two-fluid model is a most convenient ool for quantification
of plug parameters. The "botllencck mechanism” has been found 1o be
the heat transported through the porous plug in the form of normal fluid
convection. Two main rogions support stable VLPS: 1. the low speed
regime of laminar (tincar) flow, and 2. non-lincar convection at relatively
high spocd. Major findings are prescnicd rcl)mg on the phenomenologi-
cal theary for liquid He II and emphasizing the normal fluid component
of the two-component system (superfluid dn(l nomal fluid) of He II.

“The present extended summary ol "Pact I contains the following.
subscctions: VLPS system categorics, two-lluid theory, experimental ovi
dence available, comparison of data with theory, and conclu

Function

The phase separator has the task of keeping liquid insidc the
tank while rejccting thermal cnergy in a stable manner (Fig. 1). The heat
rejection takes care of the incoming heat leak and instrument loads. A
bakanced operation with stcady temperaturcs of the cryogenic sysiem
implics a suitable selection of the VLPS component. In He 1L, the ther-
‘momechanical forces are available. They arc put o usc by imposition of
a small temperature difference across the phasc scparation device proper.
Figure 1 is a schematic diagram of the system.

*Permancnt Address: Lockheed Palo Alto Rescarch Lab., Palo Alto, CA
94304

** S. W. K. Yuan, Ph.D. thesis, University of California, Los Angeles,
1985 also Manuscript No. T0258).

VLPS Categories

The classification of VLPS sysicms has becn in part bascd on
control cquipment attached 1o the device. The "passive” VLPS is a sy
tom with inherent negative feedback behavior. This makes it possible 1o
operaic without excessive controller application implying that all com-
ponents are designed optimally to make sure that heat input into the He
11 cryogenic tank is balanced by the heat rejection rate in the form of
vapor at the VLPS exit. The "active” VLPS system (called APS in the
litcrature) has the additional task of permitting temporarily the absorption
of large amounts of thermal cnergy. This task is accomplished by a vari-
able position device, such as a ncedle Lype or shutter type subsystem
which is movable. The ncedle device has been extensively developed
and studied by the Klipping group*. The option exists of dumping a cer-
tain amount of liquid downstream by allowing onset of liquid break-
through and subscquent vaporization. An alternate method is the use of a
fountain cffect pump which pumps back some of the liquid breaking
through during "peak” demand reduction.

Another classification scheme is based on the transport mechan-
highly conduct-
channels. Therefore,
Supcrﬂuul can flow in very narrow
tihily wound aluminum
foil arranged in a spiral. The very narrow fluid o not permit pas-
sage of the viscous normal fluid. The result is a very low heat rejection
rate compared to_ other VLPS systems.

heat is conducted through the solid.
passages between the solid state domains

The second catogory of plug scparators is the porous plug with
relatively large liquid spaccs and adiabatic walls of the solid grains. This
plug category has been selected in He 1T vessel projects for space obser-
vations in the far infrarcd. The porous plug device pecmits larger heat
rejection ratcs along with mass throughput, for a specific cross scction,
than the Fairbank plug. The normal fluid carrying heat plays an active
role in the hoat rejection rate needed. The superfluid is responsible for
the thermomechanical force dirccted into the vessel interior, preventing
liquid escape. In viow of several mechanisms proposed, the present work
has had the purpose of clarifying the mechanisms, in particular the role
of heat transport modes. It turned out that first order cffects of quite a
fow experiments all have been predicied, within data scatter, by a rather
simple theory. A fow clementary notions of the two-fluid model have o
be known for the use of this conceptual tool.

Two-Fluid System

The two-fluid postulate Jeads 1o a system of equations giving a
handle on the complicatcd transport in the non-Newtonian fluid He 1.

The two-fluid theory is a simplification of actual phenomena in
general, However it predicts amazingly well effects at low energy expen-
diture in the so-called linear regime. There is superfluid with zero
viscosity, and normal fluid with a finitc viscosity and entropy/heat




Fig. 1.1

He II vessel with phase separator (schematically). Q heat
flow rate from parasitic input through insulation and sup-
ports, and from instruments; PMP porous media phase
separator; V vapor, VG vent gas flowing at mass flow rate
.

transport capability. Fluids carry heat bodily by convection, and the He
1f normal fluid is no exception, moving in “intemal counterflow" opposite
to superfluid. In VLPS practice, the non-lincar regime is of great impor-
tance, because of microgravity operation in this regime.

Experiments

The porous plug VLPS has been used in line with throughput
requirements of He IT vessels in the range from 110 10 mg/s. The exper-
iments have been conducted with a central vent tube in a surrounding
“vesscl” of small lab dimensions. Similar arrangements have been used
in other labs (described in the thesis cited above). The vessel heat leak
is varied using a heater. The flow rate is measured, as are temperatures
and pressures upstream and downstream of the porous plug.

The comparison of the data with theory has relied on a uniquely
defined throughput measure of the porous medium. Such a measure is
the Darcy impedance factor or its reciprocal, the Darcy permebility.
Authors have used another "flow impedance factor” easily converted into
permeability as soon as dimensions of the plug are known. In the present
work the Darcy permeability has been used. It tumed out that integration
over temperature-dependent properties has been essential in order to
arrive at satisfactory agreement between theory and experiment. In He II
the entropy varies very significantly with temperature. The data are
presented as mass flow rate per total plug cross section, i.e. superficial
values.

Comparison of Data With Theory

c mass flux density is proportional to the heat flux density
(superficial value) of the porous plug VLPS. The unknown non-linear
regime has been cmphasized using product functions such as thermal
energy density times effective velocity. Another factor is the superfluid
density ratio. The original wide duct theory has been known as Gorter-
Mellink theory. In contrast 1o the wide duct phcnomena, a surprisingly
simple pore size dependence is cxhibited by the data (within scatter).
Porous media have a tendency to reproduce loss satisfactorily than other
fluid duct systems. Yet manufacturing has made great progress in sin-
tered siainless steel used in many experiments. 1t tns out that the mass
flux density tends toward a simple square dependence on permeabi
the range considered. Thus empirical ingredients are used in conjunction
with pnnclples established for non-linear counterflow of heat and
superfluid.

Conclusions

1t has been concluded from the VLPS studies (Yuan, op. cit)
that well-defined convection pattems exist in porous plug phase scpara-
tors. Similar pattems ought o exist for “He II heat pipes”, and prelim-
inary experiments in this arca tend to confirm this expectation.



