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The problem of using the magnetorheological fluids in seals are considered in the
paper. The paper is concentrates in the determination of the essential parameter of the
sealing, which is the motion resistance. The results of the friction torque (Tr) of seals with the
magnetorheological fluid at the rotational movement under the conditions of over pressing for
various numbers of sealing stages.
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Seals with magnetic fluid operate due to a formation of a liquid barrier in between
sealed zones, which guarantee their high tightness, mainly in gaseous environments. Such
seals are contact-less ones and eliminate friction between cooperating surfaces, turning it into
the internal friction in liquids.

A magnetic fluid is administered into a single gap or into several small ring sealing
gaps closing the magnetic circuit formed by the shaft, magnets and pole pieces. A magnetic
field keeps the magnetic fluid inside gaps and concentrates it in zones of a high magnetic field

(Fig.1) [6, 7, 8].
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Fig.1. Model of the seal with the magnetic fluid

Formulation of the problem

Currently mainly ferrofluids — FF [5, 6] are applied in seals with magnetic fluids. They
are characterised by a small friction torque and a high tightness, also under vacuum
conditions. One of the most important factors influencing the functional qualities of such seals
is the pressure which can be maintained by them. A weakness of magnetic fluid seals
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constitutes the possibility of sealing only small pressures of the sealing agent, which results to
a large extend, from a low saturation magnetization values of these liquids.

It is quite different in the case of magnetorheological fluids (MR fluids), which are
characterised by significantly higher saturation magnetization values. A high saturation
magnetization became the grounds on which the application trials of using
magnetorheological fluids in the sealing technique, started. High critical pressures obtained in
such seals were confirmed in separate research carried out in the world [1, 2, 3] and in Poland
[5, 6]. Research concerning sealing with magnetorheological fluids are carried out, among
others, in the AGH University of Science and Technology in Krakow.

Objects and methods of investigation

One of the research domains constituted the determination of the friction torque
generated in seals with the MR fluid. Especially it concerns the determination of the seals
friction torque moments T for various number of sealing stages at the steady rotational speed.

Research were performed with the use of the specially designed and built research
stand intended for the determination of limiting operating conditions of seals with the
magnetic fluid (ferrofluids and magnetorheological fluids), in dependence of their
construction and exploitation parameters (Fig. 2), [4].
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Fig.2. Research stand

The stand consists of the research head, driving system, together with the air supply
system and computer measuring system. Research tubes with sealing stages constituting -
together with the magnetorheological fluid and pole pieces - the sealing node, were assembled
in the research head of the stand.

Results and discussion

The measuring gap of the seal

The seal was formed by means of the magnetorheological fluid MRF-122EG of the
LORD Company [9] of the saturation magnetization: 270kA/m. Each of the investigated

sealing nodes consisted of two research tubes equipped with the same number of stages,
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which assembled in pole pieces formed sealing gaps. The liquid volume administered into

each gap was determined by the filling factor Vi It is the ratio of the liquid volume
n
administered into a gap to the nominal volume Vi = =D&t | resulting from the seal geometry
(Table 1).
Table 1

Geometrical parameters of the measuring gap of the seal with the MR Fluid

Geometrical parameters of the measuring gap

D S t b o
[mm] [mm] [mm] [mm] (] | =z

50 0.15 0.6 5 45 i a

Research were performed under conditions of overpressure at the pressure of the
working factor being » = 0.5pwa (Pws - critical pressure for sealing in motion).
Measurements of the friction torque T; in multistages seals at the total number of stages:
Z:=2, 4, 6, 8, 10 were carried out. Measurements were done for gaps of a height 6=0.15mm, at
a rotational speed n=1000 rpm. Real values of the obtained friction torque were recorded
continuously. The diagrams of the friction torque measured for a gap of a height: 6=0.15mm
are presented in Fig.3. The higher values of the starting friction torque are seen in diagrams.
These values are then decreasing and stabilising and this decrease is more visible when seals

contain a higher number of stages.

2

Fig.3. Actual diagrams of friction torque T¢ of a seal at 6=0.15mm for a various
number of stages Z.
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The reading of the friction torque was taken after the preliminary time-history
establishing, after approximately 400s. The obtained results for all stages are listed in Table 2.
The magnetorheological fluid volume administered into each seal gap is also given in this
Table.

Table 2
Friction torque values in seals with the MR fluid

nu-ln—:;)t:rl of G_ap Filling factor Fluid volume in | Total friction Mee}suring
stages height VIV, the gap torque value time
z | dlmm] V [ul] Ty [Nm] ty [s]
2 1.48
4 1.74
6 0.15 10 150 1.80 1500
8 1.60
10 1.50

The friction torque values are also presented in the diagram in Fig.4. The measured
friction torque values at various number of sealing stages are marked and the trend curve is

drawn.

Fig.4. Friction torque T; value of seals in dependence of the number of stages Z;

In order to determine analytically the friction torque for conditions of sealing under an
influence of the magnetic field and under dynamic conditions, the following formula —
developed on the bases of the scientific literature and the above presented experimental
investigations — was proposed:

v V4
M,(B)=22R%C(B )[ZCV—J

n

where: R=D-¢ - radius of the turning tube (Table 1 and Fig.5),
t— gap width (Table 1 and Fig.5),
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Z. — number of sealing stages,

Vi — filling factor (determining a fluid volume in the gap),

n

¢, — correcting coefficient, responsible for the friction in the seal, selected empirically,
7(B) — shear stress in the magnetorheological fluid:

R§(B)J

B) = R 1
it >-”(R2_R;(B))( "R

2

where: R(B)=R +5-¢,(B) — external radius of the gap decreased by the boundary layer thickness
do (Fig.5),
« — angular speed of the rotating tube,

5,(B)— boundary layer thickness - quasi-solid body, in the magnetic field (Fig.5)

Fig.5. Ring gap model

Conclusion

Friction torque values of seals with the magnetorheological fluid for the investigated
operating conditions and seals construction are quite significant. These values are decisively
higher than in the widely investigated seals with ferrofluids [10, 11]. These is due to large
differences of the saturation magnetization values Ms and viscosity n between this kinds of
fluids. Owing to higher pressures which can be transferred by seals with the
magnetorheological fluids, they can find the technological applications, however the attention
should be drawn to the fact that due to significant friction torques their application will be
significantly limited.

The results of the friction torque in seals of a various number of sealing stages,

indicate that with the increase of their number the friction torque increases, and when their
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number exceeds 6 the friction torque begins to decrease. This moment increase corresponds
to a larger fluid volume in the seal. Such tendency is maintained up to obtaining the limitation
value. The decrease of the friction torque occurring at a larger number of sealing stages is
caused by the fact that at a constant magnetic system an increase of the sealing stages number
disperses the magnetic field and decreases its concentration in gaps on individual stages. This
is the reason that the magnetic field intensity drops below the saturation magnetization of the
MR fluid. This leads to the decrease of the dynamic viscosity n of the fluid which influences

the shear stresses values in fluids and friction torques in seals.
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10. Cansinvcxi, M. Ilomounu

Onip pyxy yuwinoHi06auie 3 MazHimopeonoiunor piouHow 011 8aie 00epmanns

Y cmammi posenamymo npobremy GuKOpUCmMAauHis MAHIMOPeOoNo2iuHoi piounu 6
ywineniosauax. Memorwo pobomu € 6usHayeHHs KII0U08020 NAPAMEmMpPa YWilbHEeHH — ONOpPY
pyxy. [lpeocmasneno pezynomamu momenmy mepmsi (T) yiyineHI08auie 3 MAeHIMOPeOoIo2iuHOi
piounu.

Kniouosi cnosa: onip pyx, ywineHiosaui 3 MAcHIMOPeono2iuHol0 pIOUHONW, 64U
obepmanHs

10. Caneunwvcku, M. Ilomounwt

Conpomuenenue  08UICeHUA  YHJIOMHUMeENeEl ¢  MAZHUNOPEOI02UYEeCKOll
HCUOKOCMBIO 013 847108 8PAULCHUSA

B cmamve paccmompena npobnema UCnOIb308AHUS  MACHUMOPEONOSUYECKOU
acuokocmu 6 yniomuumensx. ILlenvto pabomwvl  aensiemcs onpeodelieHue KirOYe8020

napamempa YnioOmHeHUs — Conpomuegienus osudiceHus. Ilpeocmaenenvl pe3ynromamol
momerma mpenust (T) yniomuumeneti ¢ MAZHUMOPEONIOSULECKOU HCUOKOCTILL.
Knroueenie cnoaa. conpomueineHue OBUIICEH U, YHIOmHUmMenu c

MaZHleUpeOﬂOZulleCKOIZ .?fCI/l()KOCWlblO, 6AJIbl 6paU{eHUA
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