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Flow properties of 3He moving through 4He II at temperatures below 150 mK
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Measurements were performed at temperatures below 150 mK concerning the flow properties of He
moving through 4He in tubes, while the He component is macroscopically at rest. Empirical relations
have been found for the distributions of the pressure, flow-rate density, concentration, and temperature in
the tubes, as functions of the external conditions.

In the hydrodynamics of 'He moving through superfluid
4He at very low temperatures it is usually assumed that the
He and He components are moving without mutual fric-

tion'. the "mechanical-vacuum" (MV) model. According
to this model, in the steady state, forces on the He com-
ponent due to pressure gradients are balanced by gradients
in the osmotic pressure, while pressure forces on the 'He
are supposed to be balanced by viscous forces. In the lam-
inar regime the 'He —flow-rate density will then form a
Poiseuille profile. Within the framework of this model, the
temperature and pressure distributions in cylindrical tubes
are calculated from the enthalpy balance, taking viscous
heating and thermal conduction into account. In previous
papers it has been reported that some basic consequences of
this model are in contradiction to experimental results ob-
tained in our laboratory. ' Deviations of a similar kind
were also reported by Niinikoski' and by Frossati et aI.6

In this Rapid Communication new results are reported
concerning the flow properties of He moving through He
in tubes while the 4He is macroscopically at rest. A set of
empirical relations is found, determining the distributions of
pressure (p), He molar flow-rate density (j3), 'He molar
concentration (x), and the temperature (T) from the
external condidtions. All these relations are qualitatively
different from the predictions based on the MV model.
This agrees with our earlier observations that a mutual fric-
tion plays an important role in the hydrodynamics of 'He-
4He mixtures.

In Fig. 1 the experimental configuration is depicted. The
flow resistance Z is usually a cylindrical tube (length L, di-
ameter D) It is mounted at the. entrance of the dilute-exit
channel of the mixing chamber of a dilution refrigerator.
The temperature of the mixing chamber T can be varied
above a certain minimum value by supplying a heating
power 0 to the 3He entering the mixing chamber. Tem-
peratures are measured by calibrated Speer carbon resistors
with an accuracy of 1 mK. The 3He concentration x in the
mixing chamber is determined from the equation for the
solubility curve, 7

x =0.066(1+10T2)

tion in the total flow rate n is smaller than 5lo. However, in
certain cases (high flow resistance and a high flow rate) the
He contribution amounted to 50%. Since in these cases the

influence of the circulating He on the phenomena to be
described below was small, the influence of a 5% admixture
of 4He is negligible. In order to study the effect of the
dimensions of the tubes more than 20 different tubes have
been investigated. Some relevant parameters varied
between the following limits: 0.3 mm ~D ~2.3 mm; 5
mm ~L ~1.4 m; 12 mK ~ T ~120 mK; 12 mK ~ T,
~150 mK; 1.3% ~x ~7.6%; and 0.13 mmol/s ~ n ~1.4

mmol/s.
The results of the measurements can be summarized as

follows:
(1) The pressure drop Ap across Z is for all tubes in-

dependent of T or n within the resolution of the pressure
gauge. Together with the observation that the level differ-
ence between the phase boundaries in the two mixing
chambers of a double mixing chamber is zero within a few
mm, it follows that

ik

At the exit of Z the temperature T, is measured. The con-
centration x, is determined with an accuracy of 0.1k, with
use of a capacitive technique. Changes in the pressure
difference Ap across Z are detected with a capacitive pres-
sure gauge I' with an estimated resolution of 0.2 Pa. In
principle, the 'He circulating through the system with flow
rate ~3 contains a certain amount of He. In the experi-
ments described in this Rapid Communication the He frac-

FIG. 1. Schematic drawing of the experimental arrangement.
The flow resistance Z constitutes the entrance of the dilute-return
line of the mixing chamber of a dilution refrigerator.
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