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A drainage mast (13) configured with a cross section having a decreasing area from its entry section (15) to be attached in the
bottom zone of the compartment (11) to its outlet section. The entry section and outlet section each has two perpendicular axes of
symmetry (21, 23, 25, 27) of different length.

The outlet section (17) is disposed in a plane forming an angle () between 60° and 120° with the plane of the entry section,
improving the drainage mast priming because the airflow contributes positively to it having the outlet section in that position.

The mast is characterized in that the ratio between the shorter axis (27) and the longer axis (25) of the outlet section is between 0.2
and 0.6, the longer axis of the outlet section being parallel to the plane of the entry section and its projection onto said plane being
perpendicular to the longer axis (21) of the entry section to have the draining mast operatively primed.
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A drainage mast (13) configured with a cross section having a decreasing area from its entry
section (15) to be attached in the bottom zone of the compartment (11) to its outlet section. The
entry section and outlet section each has two perpendicular axes of symmetry (21, 23, 25, 27)
of different length.

The outlet section (17) is disposed in a plane forming an angle (p) between 60° and 120° with
the plane of the entry section, improving the drainage mast priming because the airflow
contributes positively to it having the outlet section in that position.

The mast is characterized in that the ratio between the shorter axis (27) and the longer axis (25)
of the outlet section is between 0.2 and 0.6, the longer axis of the outlet section being parallel to
the plane of the entry section and its projection onto said plane being perpendicular to the
longer axis (21) of the entry section to have the draining mast operatively primed.
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DRAINAGE MAST OF THE COMPARTMENT OF AN AIRCRAFT
SUBJECTED TO A NEGATIVE PRESSURE

FIELD OF THE INVENTION

The present invention relates to drainage masts of aircraft compartments
subjected to a negative pressure such as the compartment of the Auxiliary Power

Unit or an engine nacelle.

BACKGROUND OF THE INVENTION

Known drainage systems of the Auxiliary Power Unit (APU) of an aircraft
comprise a mast for evacuating any liquid accumulated in the APU compartment
to the atmosphere by gravity.

One of the effects of the ventilation of the APU compartment typically
induced by a jet pump mechanism generated by the APU itself is a depression
(less pressure in the APU compartment than outside) generated in the APU
compartment.

Some of the drawbacks of a pressure impact in the drainage system are
mainly related to the difficulties in priming the drainage mast. That is, the draining
capacity of the mast is sufficient once it is working fully filled with liquid, but if the
ingestion of air into the APU compartment starts before the mast is filled with
liquid, because there is a lower pressure in the APU compartment than outside,
the stresses induced by the air flow impede the flow of liquid, and it may well
happen that the mast never gets filled or primed. Rather, typically, air entering
the APU compartment almost completely prevents any outflow of liquid until the
liquid height inside the APU compartment is enough to balance the suction in the
APU compartment, rendering the mast ineffective. Once this height is reached,
only a reduced cross section of the mast will be useful for draining and, in
addition, the liquid height in the APU compartment will be as large as what would
be reached without a drainage mast.

US 5,996,938 proposes a drainage system comprising a drain tube which

is in fluid communication at its upper end with a liquid collecting floor and at its
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lower end to a check valve selectively open and placed as closely as possible to
the aircraft overboard drain port. Liquids collected by the collecting floor are
gravitationally directed into the drain tube upper end. The check valve is
configured to be open to fiuid drainage from the tube out of the drain port when
the pressure head of fluid upstream of the check valve exceeds fluid pressure at
the drain port due to aircraft operating conditions. This drainage system is

therefore dependent of the said check-valve.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a drainage mast able to
drain effectively the liquid contained in the compartment of an aircraft when the
pressure within the compartment is lesser than the outside pressure and aiso
when the opposite happens without using any pressure control active device and
without causing any significant perturbation to the aerodynamic behavior of the
aircraft.

To fulfill this object, the drainage mast of the invention has the following
features:

- Is configured with a cross section area decreasing from its entry section
to the compartment to its outlet section and is disposed at an acute angle o
relative to the compartment in the airflow direction. This favors priming the mast
when the pressure inside the compartment is below atmospheric pressure.

- Their entry and outlet sections have two perpendicular symmetry axes of
different length, the entry section is arranged with its longer axis of symmetry
substantially parallel to the airflow direction and the drainage mast has a
symmetrical configuration with respect to a plane substantially perpendicular to
the fuselage envelope passing through the longer axis of symmetry of the entry
section. This configuration minimizes the drag of the drainage mast.

- The ratio between the shorter axis and the longer axis of the outlet
section is between 0.2 and 0.6. This feature is essential to have the draining

mast operatively primed.
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In an embodiment, the outlet section is arranged in a plane forming an
angle B between 60-120° (preferably 70-85°) with the plane of the entry section,
being its longer axis parallel to the plane of the entry section and perpendicular
to its longer axis in a projection over said plane. This feature improves the
drainage mast priming because the airflow contributes positively to it having the
outlet section in that position.

Another important feature of the invention is that provides a ratio between
the areas of the outlet section and the entry section which optimizes the fluid
drainage. That ratio is the one in which the value of the flow rate Q.q required to
evacuate a predetermined volume of liquid in the compartment and the value of
flow rate Qim evacuated by the drainage mast, when is fully primed, match

Other desirable features and advantages of the invention will become
apparent from the subsequent detailed description of the invention and the

appended claims, in relation with the enclosed drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic side view of a known drainage system of an APU
compartment of an aircraft.

Figure 2 is a schematic perspective view of the drainage mast of the
invention.

Figure 3 is a cross sectional view along the plane of symmetry of the
drainage mast of Figure 2.

Figure 4 is a diagram showing the variation of the flow rates Qim and Qyeq
as a function of the ratio R between the outlet and entry sections of the drainage

mast.

DETAILED DESCRIPTION OF THE INVENTION

Figure 1 illustrates a drainage mast 13 of a compartment 11 of an aircraft

where liquids are accumulated with an entry section 15 connected to a bottom
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zone of the compartment 11 and with an outlet section 17 for discharging said
liquids to the atmosphere.

As shown in Figure 1, the drainage mast 13 is usually arranged at an
acute angle o with respect to the compartment 11 in the airflow direction (arrow
F).

The length L of the drainage mast 13 and the inclination angle o with
respect to the plane of the entry section 15 controls the effective height Hess of the
liguid in the compartment 11 according to the equation:

Pg Hert = pg (Ho + Lsin(a))= Pout-Pin

where:

p: liquid density at ambient conditions;

g: gravity acceleration;

Her: liquid height in the compartment 11 measured from the outlet section
17 of the drainage mast 13;

Pout: pressure outside of the compartment 11 (atmospheric pressure);

Pin: pressure inside of the compartment 11.

On the other hand, H, is the liquid height in the compartment 11
measured from the entry section 15 of the drainage mast 13.

As already stated in the background of the invention if Pi»< Py may occur
the situation shown in Fig.1 in which the mast 13 is not completely primed
because H, is not enough to compensate for the pressure difference between
Pin and Poy.

To achieve effective drainage of the compartment 11 when the pressure
inside Py is lesser than the pressure outside Py, the present invention proposes
to configure the drainage mast with sections of a decreasing area from the entry
section 15 toward the outlet section 17, the configuration complying with certain
geometric conditions.

The progressive decrease in the area of the cross section of the drainage
mast 13 favors its priming because the flow rate supported upstream of a
particular intermediate section is larger than it can accommodate favoring the
accumulation of fluid upstream of said intermediate section and therefore its

priming. Thus air is prevented from entering the compartment 11 and the
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problem posed by liquid splashing inside the compartment 11 is solved.
Complete priming of drainage mast 13 occurs when Hes is large enough to
compensate for the pressure difference between Pi, and Poy.

In the embodiment shown in Figures 2 and 3 the entry section 15 has an
elliptical shape with axes of symmetry 21, 23 (being axe 21 longer than axe 23),
the outlet section 17 has a dome-ended rectangular shape with symmetry axes
25, 27 (being axe 25 longer than axe 27) and the intermediate sections between
them which are configured so that the outer surface of drainage mast 13 is as
smooth as possible.

The ratio between the shorter symmetry axis 27 and the longer symmetry
axis 25 of the outlet section 17 is between 0.2 and 0.6. The inventor has found
that a drainage mast 13 having an outlet section 17 configured within this range
provides good priming results. Said ratio is applicable to any geometrical shape
of the outlet section 17 and particularly to elliptical, oval and dome-ended
rectangular shapes. Drainage mast 13 is symmetrical about a plane A-A
substantially perpendicular to the fuselage envelope passing through the longer
symmetry axis 21 of the entry section 15 and the outlet section 17 is disposed in
a plane forming an angle B between 60-120° (preferably between 70-85° with
the plane of the entry section 15.

An important aspect of the present invention is the ratio R between the
area of the outlet section 17 and the area of entry section 15.

The flow rate Qq that is necessary to evacuate a given volume of liquid
by the outlet section 17 of the drainage mast 13 is given by the following formula:

' 2

v '« AF
\" 1+Coss )

where AP = (Pin—Pout)/(+g=(H0+H.1) being Hy = Lsena
4,4 area of outlet section 17
Cerr coefficient of effective area of outlet section 17
Cioss coefficient of losses in the drainage mast 13
Thus the flow rate Q¢q does not depend from ratio R.
On the other hand, the discharge time is obtained in an iterative

calculation applying the formula T = Volume / Q¢ and using 0.1 second
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intervals. It is started with the volume of fluid accumulated in the compartment 11
when the drainage mast 13 is primed. Qrq is a function of #e + 1, therefore to
find the new value of Ho for each iteration the liquid evacuated in the previous
0.1 second interval is subtracted to the previous Volume. The iterative process is
continued until Ho + {3 = 0 and the total iteration time T is the time required for
the complete evacuation of the liquid.

The optimum value Ry of ratio R is the one in which the value Qreq
matches the value of the function Quim (see Figure 4) which sets the flow rate
discharged through the outlet section 17 when the drainage mast 13 is primed
which is given by the following formula:

Dot ‘qour' \f!g‘ Hl

\j'l + RZ

Qpr: n =

where 2 is the primea coefficient of the oscillation of the liquid in the
drainage mast 13.

For ratios R smaller than Ryp, Ho and Ty are greater that their optimum
values and the same happen for ratios R greater than Ry because the drainage
mast 13 is not primed.

The above calculations have been made assuming that the volume to
evacuate is known. If the drainage mast were subjected to different discharge
volumes, the ratio R would be established for that volume that would provide the
best results for all of them.

Although the present invention has been described in connection with
various embodiments, it will be appreciated from the specification that various
combinations of elements, variations or improvements therein may be made, and

are within the scope of the invention.
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Claims

1. A drainage mast (13) to drain fluids from a compartment (11) of an aircraft into
the atmosphere by gravity even when the pressure in the compartment (11) is below
atmospheric pressure, the drainage mast (13) being configured with a cross section
having a decreasing area from its entry section (15) arranged to be attached in the
bottom zone of the compartment (11) to its outlet section (17), the longitudinal axis of
the drainage mast (13) being disposed at an acute angle a with respect to the plane
of the entry section (15) in the airflow direction, wherein:

the entry section (15) and outlet section (17) each have two perpendicular axes
of symmetry (21, 23, 25, 27) of different length;

the entry section (15) is configured to be arranged with its longer axis of
symmetry (21) substantially parallel to the airflow direction;

the drainage mast (13) is configured to be arranged such that it has a
symmetrical configuration with respect to a plane substantially perpendicular to the
fuselage envelope, passing through the longer axis of symmetry (21) of the entry
section (15); and

the outlet section (17) is disposed in a plane forming an angle 3 between 60°
and 120° with the plane of the entry section (15), characterized in that the ratio
between the shorter axis (27) and the longer axis (25) of the outlet section (17) is
between 0.2 and 0.6, the longer axis (25) of the outlet section (17) being parallel to
the plane of the entry section (15) and its projection onto said plane being

perpendicular to the longer axis (21) of the entry section (15).

2. The drainage mast (13) of claim 1, wherein the angle [ is between 70-85°.

3. The drainage mast (13) of claim 1 or 2, wherein the entry section (15) has an

elliptical shape and the outlet section (17) has an elliptical, oval or dome-ended

rectangular shape.

4282473

Date Regue/Date Received 2021-01-05



4. An aircraft comprising a compartment (11) and the drainage mast (13) of any

one of claims 1-3.

4282473

Date Regue/Date Received 2021-01-05
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