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(57) L mvention porte sur un procede et un appareil
d’installation de cables dans des tubes par combinaison
des forces de poussce et de traction exercees par un
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secondes caractéristiques hydrodynamiques. On a en
effet remarqué avec surprise qu’en utilisant des milieux
aux caracteristiques hydrodynamiques différentes, tels
que par exemple un gaz et un liquide, la longueur
d’installation du cable pouvait s’accroitre.
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(57) Method and apparatus for installing cables 1n tubes,
1in which the cable 1s mstalled by the combination of a
pushing force and the drag force of a fluid under pressure
which 1s passed through the tube, wherein, during the
installation, as fluid, a first medium with first
hydrodynamic properties 1s passed into the tube and at
certain moments a second medium with second
hydrodynamic properties. It has been found,
surprisingly, that by the use of media having different
hydrodynamic properties, such as, for instance, a gas and
a liqud, the installation length of the cable can be
increased.
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(57) Abstract
10a
Method and apparatus for installing cables
in tubes, in which the cable is installed by the e 10
combination of a pushing force and the drag force /

of a fluid under pressure which is passed through
the tube, wherein, during the installation, as fluid,
a first medium with first hydrodynamic properties
is passed into the tube and at certain moments
a second medium with second hydrodynamic
properties. It has been found, surprisingly, that by
the use of media having different hydrodynamic
properties, such as, for instance, a gas and a
| liquid, the instaliation length of the cable can be
increased.
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Title: Method for installing cables in tubes and apparatus
for practicing this method.

This invention relates to a method for installing
cables in tubes, in which the cable is installed by the
combination of a pushing force and the drag force of a fluid
under pressure which is passed through the tube.

Such a method is known from EP-A-0 292 037.

The known technique has as an advantage that the
forces propelling the cable are at least partly distributed
over the length of the cable, so that, in practice, the cable
can be installed over long distances, also in the case of
winding paths. EP-A-0 292 037 discloses using a gas stream as
fluid, while GB-B-2,122,367 describes the use of a liquid
stream.

In the conventional installation of cables by pulling,
the force is fully concentrated at the forward end of the
cable and the installation in winding paths proceeds with

considerably more difficulty.
When cables are to be installed in tubes of a diameter

of a few millimeters in a winding path, installation using a
gas under pressure is possible only to a certain tube length.
One of the causes is that the cables adhere to the inner wall
of the tube as a result of electrostatic charge arising,
during propulsion, from the friction between the outer wall
of the cable and the inner wall of the tube. This problem 1is
partly solved by the use of a liquid instead of a gas, in
that the cables float on the liquid. In the case of tubes of
small diameters, however, the flow velocity of the liquid,
and hence the speed of propulsion of the cable, becomes very
low when longer installation lengths are involved.
Installation times of many hours are no exception then. This
obviously impedes efficient installation of the cables. In
addition, the stiffness of the cable, in particular the
stiffness in the forward end of the cable when passing
through bends, plays an important role. This 1is true in
particular if the cable just floats on the liquid.
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The present invention contemplates a solution to the
problems outlined and, to that end, provides a method of the
above-mentioned kind, in which, during the installation, as
fluid, alternately a first medium having first hydrodynamic
properties is passed into the tube and at certain moments a
second medium having second hydrodynamic properties.

According to the invention, a difference in
hydrodynamic or flow properties is defined as follows: if a
section of a flowing medium is considered separately and, 1in
a specific tube having a pressure p, at the inlet end and a
pressure p, at the other end, results in a different flow
velocity than does a section of a second flowing medium in
the same tube under the same conditions, different
hydrodynamic properties are involved. This may involve
different gases or different liquids having different
viscosities and/or densities, or gases and liquids may be
involved. What may also be involved is a gas or liguid in
which sections of different temperaturés, temperature pulses,
are introduced and/or to which, in part, a -for instance solid

‘substance 18 added.

According to the invention, in a preferred embodiment,

According to a second aspect of the invention, the
liquid has a good electrical conductivity.'

The measures according to the invention have the
favorable influence elucidated hereinafter on the above-
described problems of slow installation speed, cable
stiffness and adhesion of the cable to the tube wall.

Since gases generally have a lower viscosity than
liquids, the combination of a gas with a liquid will flow
faster than the liquid alone. Surprisingly, by selecting as
liquid a liquid of a sufficient electrical conductivity, the
problem of cable adhesion to the tube wall 1is also solved,
since any electrical charge produced will be immediately
removed owing to the conductivity of the liquid. In this
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exemplary embodiment of the invention, in the tube in which a
cable is being installed, alternately, gas will be present
over a part of the tube length and a liquid over a next part.
In such a situation, the greater pressure gradient 1s present
in the part with the liquid, in that the viscosity of the
liquid is higher than that of the gas. As a consequence,
areas of different pressure gradients move through the tube,
so that at certain moments the cable is subjected to a
greater force, which, for instance, is just sufficient for
the forward end of the cable to pass through a bend. Under
certain circumstances, it is even possible for the cable to
move through the tube making a "serpentine" movement, which
further increases the attainable installation length.

The present invention further provides an apparatus
for installing a cable in a tube, comprising a feeder unit
with a feed-in opening for feeding in a cable end, at least
two pressure.rollers for engaging the cable to transport it
from the feed-in end to the tube, a feed-out opening for the
cable, to which feed-out opening the tube can be connected,
and a supply opening for supplying a first medium having
first hydrodynamic properties and a second medium having
second hydrodynamic properties, and means for alternately
supplying the first and the second medium via the feeder unit
to the tube.

The invention will be elucidated hereinbelow on the
basis of exemplary embodiments, with reference to the
drawings, in which:

Fig. la is a schematic view of an apparatus suitable
for practicing the method according to the invention; and

Fig. 1b represents the course of the pressure p as a
function of the tube length x, in the tube shown in Fig. la.

In the apparatus according to Fig. la, a cable 1 1is
supplied from a cable reel 2 to a feeder unit 3. This feeder
unit may be of the type described in EP-A-0 232 037 and which
ig provided with a feed-in opening 4, a feed-out opening 5,

at least one pair of pressure rollers 6, 6', and an opening 7
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for supplying a gas stream. For further details, reference is
made to the description of the apparatus in the above-
mentioned patent application.

The cable 1 is supplied via the feed-in opening 4 to
the space between the pressure rollers 6, 6' and transported
by these rollers to the feed-out opening 5. Connected to the
feed-out opening 5 is the tube 8, in which the cable is to be
installed. The fluid can flow via the supply opening 7,
feeder unit 3 and the feed-out opening 5 into the tube.

According to the invention, at least two different
fluid sources can be connected to the supply opening.
According to the exemplary embodiment, gas 1is supplied from a
suitable gas source (not shown), for instance a compressor,
through a conduit 9 to the feeder unit 3. Connected parallel
to conduit 9 is a conduit 10, which includes a reservoir 11,
accommodating a suitable medium, between a conduit section
10a and a conduit section 10b. The section 10a is also 1in
communication with the gas source, and the conduit section
10b leads to the supply opening 7. The conduit section 10b
includes a valve 12, which can be moved between a first and a
second position. In the first position, which is shown in the
figure, the passage from conduit 10b, and hence the contents
of the reservoir 11, to the supply opening 7 is blocked, and
gas can flow via conduit 9 to the supply opening 7. In the
second position, the passage from the conduit 9 to the supply
opening 7 is blocked and liquid can flow via conduit 10b to
the supply opening 7. By alternately setting the valve 12
from one position to the other, gas and liquid are
alternately supplied to the tube 8. All this is indicated 1in
the figure by blank and hatched sections in the tube 8. In
the figure, the second fluid is heavier than the first, as 1is
the case, for instance, for the combination of air and water.
Fig. 1b shows the corresponding course of the pressure.

However, there are other possibilities: two identical
liquids or gases having alternately different temperatures;
two different liquids or gases; or a liquid and a gas.
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Instead of the arrangement shown in the figure, 1t 1s also
possible to use two separate supply conduits, each having its
own compressor or pump, to suitably supply different media to
the tube.

Depending on the diameter of the tube 8, the
interfacial surface tension,between'the two media supplied
via the conduits 9 and 10, respectively, and the duration of
the time the valve remains in each of the positions, the
sections in the tube 8 will remain completely separate for a
longer or shorter time. In general, a long time duration 1is
favorable for each of the valve positions, and also favorable
is a tube diameter such that it is not much greater than the
diameter of a hanging drop of the heavier of the two media 1in
the other medium. The above-mentioned areas remaining
separate is favorable to compensate the influence of the
stiffness of the cable in passing through bends.

Even if, at some point in the tube path, the two media
mix completely, the invention still yields a synergistic
effect by the use of two media instead of a single medium. In
the case where, for instance, water and air are supplied as
medium, an optimum tuning of the medium to the cable can be
obtained when this mixture has approximately the same average
density as the cable, whose density is sometimes less than
that of water. Such a cable has, for instance, a weight of
0.03 N/m at a diameter of 2.5 mm. This cable 1is then '
optimally propelled, while, further, the flow velocity, and
hence the installation speed, will be greater than in the
case of air alone. Furthermore, the water prevents electric
charge from arising on the outside of the cable or the inside
of the tube, and hence prevents the cable adhering to the
tube wall.

The invention provides advantages not only in the
installation of thin cables in tubes of a small diameter, but
also in the case of greater tube and cable diameters.

If, in installing a cable in a tube, a liquid rather
than a gas is used, which may be desirable, for instance, if
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gas does not have sufficient capacity to maintain a flow, or
if it is desired to utilize the buoyant force of a liquid,
there will no longer be a linear pressure drop involved, as
with gases, because liquid is not compressible. The
synergistic effect of the combination of pushing and blowing,
as described in EP-A-0 292 037, 1is then lost. However, by now
mixing a gas with the liquid in accordance with the
invention, this effect can be obtained again.

Another example is installing a cable in a tube wound
on a reel. It is then desirable that the drag forces be
linearly distributed over the length of the tube. To that
end, as media, two liquids of different viscosities can be
used advantageously. One option would be a water stream to
which grated ice is periodically added. The viscosity of the
medium then changes periodically as a result of the addition
of a solid substance, in this case the ice, and as a result
of the lower temperature of the water/ice mixture with
respect to the temperature of the water alone.

If at least one of the fluids introduced into the tube
is a liquid, it is possible to further increase the flow
velocity thereof, and hence the installation speed, by adding
a minor amount of polymer to the liquid or liquids. As 1is
described in the article "Weerstandsvermindering door
polymeren: numerieke experimenten" ["Resistance reduction by
polymers: numerical experiments"] by J.M.J. den Toonder, in
Nederlands Tijdschrift voor Natuurkunde ["Dutch Journal of
Physics"] (64/8) 1998, pp. 235-239, the flow resistance of
ligquid can be greatly reduded by adding a small amount of
polymer to the liquid. The addition of, for instance, 0.001%
polyethylene oxide or polyacrylamide to water yields a flow
resistance reduction of as much as 70%. The resistance
reduction occurs only if the flow is turbulent.

The surprisingly favorable effect of the invention on
the attainable installation length will now be elucidated 1in
and by two arithmetic examples. In both arithmetic examples,

reference is made to Appendices 1-3, included at the end of
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the description, which substantiate the formulae used in both
examples.

Example 1

The introduction of an optical fiber into a cabled
tube of an inside diameter of 1 mm, an outside diameter of
1.5 mm and a length of 1 km. The pressure difference across
the tube is 12 bar. Installing such a fiber finds
application, for instance, in a method described in
EP-A-0 292 037, in which an optionally branched network of
tubes has been pre-installed and the fibers can be installed
in these tubes, as desired. In this way, afterwards, an
assembly of fibers and tubes can be formed with the
properties of a "normal" prefabricated glass fiber cable.

' Another application is the removal of a fiber from a
part of a tube using a pressurized fluid, to enable this

fiber end to be led into another branch.
Use is made of a glass fiber with standard coating:

diameter D, of 250 um, weight W of 0.00072 N/m, density Peiper
of 1.5 g/cm’. This means an effective weight W, in water of
0.00024 N/m and a stiffness B of 10° Nm’ (see Appendix 2).
The coefficient of friction f between glass fiber and tube 1is
0.2. The tubes are cabled with a bend radius R, of 20 cm.

In accordance with Appendix 1, this gives a flow
velocity v of 0.034 m/s and a volume flow ®, of 2.7x107 1/s
during installation using water alone. The Reynolds number 1is
31; the flow is therefore very laminar. This gives a drag
force of 1.2x10* N/m. This is well over twice as high as the
frictional force fW,, which equals 0.5x10™" N/m. Accordingly,
the fiber will flow approximately as fast as the water.
Installing 1 km, however, takes more than 8 hours.
Approximately 0.8 1 water is needed for installing, plus the
same amount for filling the tube. Leading the fiber through a
continuous bend having a bend radius R, of 20 cm (a cabled,
tube) requires a force of 1.25x10* N, as follows from the
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stiffness B of the fiber, using Appendix 3. This 1s greater
than the right-hand part of formula (1) from that Appendix,
which part equals 1.04x10°'N. The fiber gets stuck.

If, according to the invention, the volume flow is

5 divided into 1 part of water and 2 parts of air, the average
value for W, can be calculated to be 0.00056 N/m. The water
pulses thus formed are now, for one-third of the time, three
times as "powerful" as in the situation with water alone. The
force of the water pulses, if they are long enough, 1s

10 sufficient to pass the head of the fiber through the bend.
The right-hand part of formula (1) from Appendix 3 equals
3.4x10* N at a pulse length of 1 m. This is much more than
the required 1.25x10* N. From formula (2) of Appendix 3
follows a minimum pulse length of 59 cm. A pulse length of 1

15 m is amply sufficient. On the other hand, the pulses should
not be too long, so that the drag force at the water pulses
can reach, through the bend, the parts without water. In this
case, the pulse length should not be greater than a few
meters. The duration of installation and the required. amount

20 of water also decrease by a factor of 3.

For comparison: in the case of installation with air
alone, owing to the absence of the floating action and owing
to the non-linear pressure gradient, installation could be
effected over just 420 m.

25
Example 2

In this example, a copper quad cable 1is installed 1in a
tube of an inside diameter of 5.5 mm, an outside diameter of
7 mm and a length of 500 m. The pressure difference across

90 the tube is 10 bar. This example finds application both in
installing cables in a tube network already present, and 1n

installing a cable in a tube wound on a reel.
The tube diameter D, is 5.5 mm and the diameter D. of

rhe cable is 4.2 mm, the weight W is 0.2 N/m, the density
35  Pguag 18 1.5 g/cm’. The effective weight W, 1n water is then -
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0.07 N/m and the stiffness B is 0.005 Nm’ (see Appendix 2).

The coefficient of friction f between cable and tube 1i1s 0.2.

In installing the cable using water alone, the effect
of filling the tube with the quad cable is so high that
calculations are based on a hydraulic diameter of 5.5-4.2=1.3
mm (see Appendix 1). It can be calculated that the flow
velocity v is 0.1 m/s and that the volume flow @, is 0.001
1/s. The Reynolds number is 30, hence the flow 1is very
laminar. The drag force is 0.03 N/m. This is well over twice
as high as the frictional force fW,, which equals 0.014 N/m.
The cable will flow in just a bit slower than the water. The
installation of 500 m takes a good hour and a half, and 5 1
water are needed for installation, plus another 5 liters for
filling the tube.

To pass the quad cable through a loose bend of a bend
radius R, of 27 cm, a force of 0.28 N is required, as
follows from the stiffness B of the fiber, using Appendix 3.
This is much less than the right~hand part of formula (1)
from Appendix 3, which now equals 3.9 N (now with an R, of
the windings, at an A of 5 cm and a P of 6 m equaling 29 m) ,
so that the effect of the stiffness in the bend 1is
negligible. _

To pass the quad cable through a continuous bend of an
R, of 50 cm (for instance on a reel), a force of 0.12 N 1is
required. This is greater than the right-hand part of formula
(1) from Appendix 3, which now equals 0.07 N. The cable gets
stuck. Here, too, pulses of water can provide a solution
again. The ratios of the numbers are as in Example 1. A water
pulse that is twice as short as the air pulse provides the
solution here, too. The pulse can now be slightly longer
because of the greater bend radius R,. The duration of
installation and the required amount of water again decrease
by a factor of 3.

For comparison: using air alone in combination with
pushing, installing could proceed over just 343 m. The
starting point was a tube with a bend having a bend radius of

e e+ e tbrreb—— S mm_—“—
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27 cm over 200 m. When the quad cable is installed on a reel,

the length that can be installed is even less.

Appendix 1: Flow through a tube

5
The flow through a tube is characterized by the Reynolds
number:
vD
Re = PV,
7,
10

where v is the average velocity, p is the density (1.3 kg/m’
for air, 10° kg/m*® for water), u is the dynamic viscosity

(1.8x10°° Pas for air and 1.1x10° Pas for water) of the
flowing medium, and D, is the hydraulic diameter. This last

15 parameter is equal to the inside diameter D, of the tube and,
for a tube filled with cable of a diameter D., equals D,-D..

For a Reynolds number less than 2000, the flow 1is laminar,

otherwise it is turbulent. However, a hysteresis effect

occurs. If from a laminar condition, the turbulent condition

is achieved, the speed falls off at the same pressure across

20
the tube. The pressure will then have to be reduced first
before a laminar flow is obtained again.
At a pressure gradient dp/dx across the tube, the average
velocity v can be derived, with:
25
dp pv’ .
—=-(, The drag coefficient C; follows from Re:
dx 2D,
C ==£4- therefore _(_{_:_32;11/ for laminar flow
° Re dx D;
| /4 34 _.7/4
30 (C,; = 12;3;’1 therefore %=—9’1—5—5£l-):—,€-—v- for turbulent flow

From this, the volume flow ®, can be derived, with ®@, = vnbj /4

for a tube without cable and ®, = vi(D;-D;)/4 for a tube
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filled with a cable. The pressure gradient in the tube 1is
linear for liquid streams and non-linear for (compressible) gas

streams:

d /

@ _ ZP, )2, for gas flow
dx 21\/1 (-p2/phHx/l

where:

p, = atmospheric pressure

p; = pressure at inlet of the tube

/ = length of the tube

the pressure gradient in the tube results in a force F, on the
cable present therein; it can be split up into two components:
the hydrostatic F,, and the hydrodynamic F,,. It follows for

turbulent flow that:

dF, dF, |
-Exﬂ.:-%pf% and d:d % (D, -D )---, therefore, overall:
dF, =« dp

-ZpD,—
dx 4lEk " dx

For the hydrodynamic component, it is assumed, for turbulent
flow, that the velocity'is constant over the entire tube
cross section (except for the laminar boundary layer) and the
forces are evenly distributed over the surfaces of the tube
and the cable. With laminar flow, this is not the case. The
velocity is highest in the middle, decreasing towards the
walls (of cable and tube). Accordingly, the liquid will have
less effect on the part of the cable close to the tube wall.
In a "worst case" assumption (is approximated with relatively
small cables with respect to the tube), only the projection

of the cable on the tube wall counts as effective surface.
Accordingly, this costs a factor m 1n drag force. Overall,\it

follows for laminar flow that:
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dF, = 1 dp
=—|D? +—D.(D,~D,) |-~
l 4 [ C T c( d c)]dx

The fact that an alternation of flowing media of different
viscosities results in different pressure gradients can be
explained on the basis of an example with two liquids in the
laminar condition. For other situations, the same conclusion
can be drawn by analogy. If two liquids having viscosities |,
and p, flow, one after the other, into the same tube (of
constant diameter), their velocities v are also the same.
From the formula for pressure gradient dp/dx for laminar
flow, it then follows that the pressure gradients have
exactly the same ratio as the viscosities p, and W,. For
turbulent flow, a difference in density also results 1in a
difference in pressure gradient; this is not the case with

laminar flow.

"Appendix 2: A standard coated glass fiber

The glass in a glass fiber consists of quartz glass having a
density p of 2.4 g/cm® and a Young's modulus E of 72 Gpa. The
glass portion of the fiber has a diameter of 125 um. Around
it, there is a first layer of (soft) coating of uv-acrylate,
having a density p of 1.3 g/cm’ and a Young's modulus E of
0.005 Gpa, to a diameter of 187.5 um. Around that, finally,
is an outer layer of hard coating of uv-acrylate of a density
o of 1.3 g/cm® and a Young's modulus E of 0.5 Gpa, to a

diameter of 250 um.

Overall, the glass fiber therefore has a density p of

1.5 g/cm’, as was also found by direct weight measurements.

The stiffness B of a cylinder having an outside diameter D,

and an inside diameter D, follows from:

e o e e T ey
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T
B=E_ (D} - D)

It follows that, overall, the glass fiber has a stiffness B

of a value slightly less than 10°° Nm’.

Appendix 3: The effect of the stiffness

The stiffness of a cable first presents problems’at the head
of the cable when passing through a bend. The force F,, that
is needed to pass a cable through a single bend follows from:

3Bf B

F,, =—F———=1+
= 6D, -DIR; 2Ry

In the case where the bend is continuous, as 1in a tube on a

reel, the last term is even twice as great:

3Bf B

In order not to allow the force F,_, that is needed to push the

cable head through the bend, to build up to a still greater
pushing force, it is necessary that, at that cable head, over a
certain length, the drag force of the flowing medium is amply
greater than the frictional force. The increase of the pushing

force dF is given by reducing the frictional force from
formula (2.11) from the book "Installation of optical cables in
ducts" by W. Griffiocen, Plumettaz, BeX (CH), 1993, by the drag

force dF,, using the fact that dx=R,d0:

2
F dF,
aF=\f \j"’f +(}?’) “&
b
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This formula is in fact a simplified version of formula (5.24)

from the book cited. To decrease the pushing force F, it 1s

therefore required that:

| dF,

2
5 F,_,, <<R, (7“5;} -sz (1)

The minimum length /. over which the above-mentioned condition

must apply, is calculated in a worst case approximation by
integrating over x the difference between the drag force and

10 frictional force at pushing force F,,,, which gives:
l > P;rud

dF, , , [FM) .
T - W, + R, . .

In the foregoing, R, can be the same as for the bend through

15 which the cable is led (when installed on a reel) or be
determined by windings in the path. In that case, KR, 1is toO
be defined as:

PZ
R, =—
* 84
20
where:
P = period of windings in the path

A = amplitude of the windings.
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Claims
1. A method for installing cables in tubes, in which the

cable is installed by the combination of a pushing force and
the drag force of a fluid under pressure which is passed
through the tube, characterized in that during the

5 installation, as fluid, a first medium having first
hydrodynamic properties 1s passed into the tube and at
certain moments a second medium having second hydrodynamicC

properties.

10 2. A method according to claim 1, characterized in that

3. A method according to claim 1, characterized in that
15 the first medium is a gas of a first viscosity Or density or
temperature and the second medium 1s a gas of a second

viscosity or density or temperature.

4. A method according to claim 1, characterized in that
50 the first medium is a liquid of a first viscosity or density

or temperature and the second medium is a liquid of a second

viscosity or density or temperature.

5. A method according to claim 1, characterized in that
55 the first medium is a liquid and the second medium is a

mixture of a liquid and a solid substance.

6. A method according to claim 5, characterized in that

the first medium is water and the second medium is a mixture

30 of water and ice.
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7. A method according to at least one of claims 2 or 4-6,
characterized in that the liquid or liquids have a good

electrical conductivity.

8. A method according to any one of claims 2 or 4-7,
characterized in that a small amount of polymer has been
added to the liquid or liquids to reduce the flow resistance.

9. An apparatus for installing a cable in a tube,
comprising a feeder unit with a feed-in opening for feeding
in a cable end, transport means capable of engaging the cable
to transport it from the feed-in end to the tube, a feed-out
opening for the cable, to which feed-out opening the tube can
be connected, and a supply opening for supplying a first
medium having first hydrodynamic properties and a second
medium'having second hydrodynamic properties, and means for
alternately supplying the first and the second medium via the

feeder unit to the tube.
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