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Abstract: The theoretical method estimating ski-jump trajectory was paid attention to and modified. The present method is based on
the effects of the take-off velocity and the angle in the sensitivity analysis of parameters. The experiments are conducted for a
triangular-shaped flip bucket in order to reveal the relationships between the take-off velocity and its influencing factors. The results
show that, the take-off velocity has a much larger effect on the impact point than the take-off angle. The take-off velocities of both
upper and lower trajectories are all functions of the approach flow Froude number, the deflector height and the deflection angle,

especially, the results of the deflection angle of 25° could be directly used when this angle is larger than 25°. Meanwhile, this

method is checked and the maximum relative errors of both x, ., and x, , are5.1% and 5.6%, respectively.
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In the designs for the ski-jump type energy dissi-
pation, the theory of the projectile for a rigid body is
often used to estimate the jet trajectory'’. This theory
involves two basic hypotheses in the estimation of the
trajectory. One is that the water is a rigid body, and
the other is that the air resistance can be neglected.
Thus, in certain engineering projects, a deviation
about 20%-60% is often found if the theor?l of the pro-
jectile for a rigid body is directly applied'.

The sources of errors of the theoretical method
include the effects of the air resistance, the difference
between the take-off angle of the upper or lower traje-
ctory and the deflection angle, and the changes of the
take-off velocity of the upper or lower trajectory with
the approach flow velocity. Much effort was made to
improve the methodology of estimating the trajectory.

For the effect of the air resistance, Liu et al.,
based on a theoretical analysis, proposed an air resis-
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tance coefficient for modifying the estimation of the
trajectory, but this coefficient involves some factors,
such as the densities of both the air and jet flows, the
resistance, and an unknown function of the take-off
angle, so this cannot be conveniently used due to
some unknown variables?.. Further, for circular-sha-
ped flip buckets, Wu et al. proposed expressions of the
air resistance coefficient of the upper and lower traje-
ctories, which could be used directly in the estimatio-
ns of the trajectory!™.

With respect to the difference between the take-
off and deflection angles, Steiner et al.”) and Heller et
al.l9 observed that the take-off angle of upper or lower
trajectory is clearly smaller than the deflection angle
of the flip bucket, and deemed that the decrease of the
take-off angle is related to the relative deflector height
and the approach flow Froude number for a triangular-
shaped flip bucket, while it is related to the relative
flow depth for a circular flip bucket. Earlier, Wu and
Ruan'" presented an improved method for calculating
the lower take-off angle with consideration of the
transverse fluctuating velocity and the flow depth for
the aerator device with a ramp.

The trajectory of a mass point can be expressed
in cases without air resistance (Fig.1) as
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x=—(V' cosasina +vcosay2gE, +v sin*a) (1)
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where g =9.8 m’/s, is the gravitational acceleration,
E, is the elevation difference between the approach
flow and tailwater channels, « is the deflection angle,
v is the (upper or lower) take-off velocity of the flow.
In Fig.1, H, is the acting water head, 4, and v, are
the approach flow depth and average velocity, respe-
ctively, resulting in the approach flow Froude number
Fr,=v,/(gh)", w is the deflector height, v, and
v, are the upper and lower take-off velocities of the

flow at the edge of the flip bucket, and x; and x, are

the impact points of the upper and lower trajectories
onto the tailwater channel, respectively, which are de-
termined visually from the channel side, by extending
the jet trajectories.
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Fig.1 Definition of plane ski-jump

From Eq.(1), the impact point is dominated by v,
a and E,. For a given project, however, E, keeps

constant. According to the recent investigation, there
is the difference between the take-off and deflection
angles for the upper or lower trajectory”™ . If the effe-
ct of the angle difference on the jet trajectory is small
and then it could be neglected, the impact point could
be conveniently estimated by means of Eq.(1) with
suitable estimations of the upper or lower take-off ve-
locity.

The objectives of this paper are to theoretically
determine the effects of the take-off velocity or the de-
flection angle on the trajectory through a sensitivity
analysis method under the condition of constant E,

to give a take-off velocity expression of the upper or
lower trajectory, and to check the error range and re-
liability of the present estimation method for the traje-
ctory.

With Eq.(1) giving the relation between the im-

pact point (x) and the take-off velocity (v, or v, ) or
the deflection angle (), the sensitivity functions S,
and S, about the take-off velocity and the deflection

angle could be written as'
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respectively. And
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Calculations demonstrate that S, is between 1.09
and 1.93, and S is between 0.02 and 0.21, when v=
0-40 m/s and « =0°-45° on the basis of Egs.(2)-(5).
Clearly, the minimum S, is much larger than S in
the present range. It means that the difference between
the take-off and deflection angles could be neglected
in the estimation of the trajectory due to the smaller
effect of the angle than that of the velocity. With this
knowledge, we could directly estimate the impact
point of the ski-jump when the take-off velocity of the
upper or lower trajectory is obtained.

Table 1 Cases and geometric parameters of models

Cases w/m al’ Remarks
M12 0.01 25

M22 0.03 25 M12-M32,
M32 0.05 25 egg; ?\flzgv ’
M21 0.03 10 effect of o
M23 0.03 40

Table 1 lists the cases and geometric parameters
of the models. The cases are divided into two sets.
Cases M12-M32 are used to study the effects of w,
while cases M21-M23 are for the effects of « . In the



Download English Version:

https://daneshyari.com/en/article/1721992

Download Persian Version:

https://daneshyari.com/article/1721992

Daneshyari.com


https://daneshyari.com/en/article/1721992
https://daneshyari.com/article/1721992
https://daneshyari.com

