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Fig. 3 Variation of wake centerline velocity with downstream
distance.
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Fig.4 Variation of wake edge velocity with downstream distance.

pronounced. The velocity distribution tends to become
uniform faster at higher values of Tu.

Using scaling velocity as the difference between the
maximum and minimum velocity (U,-U,), and two dif-
ferent scaling lengths L, and L,, (Ref. 5) for suction and
pressure sides, respectively, the mean velocity distribution
shows similarity at various values of x/c. The similarity
curves for a 12-deg incidence angle are shown in Fig. 2. L
and L,, are respectively the distances on the suction and
pressure sides of the wake centerline, from the point of
minimum velocity to a point where velocity is 4(U,—-U,).
Figure 3 shows the variation of wake centerline velocity with
downstream distance on a logarithmic scale. x,/c (the virtual
origin) has been obtained using the method of Ref. 5. Its
values range from 0.019to 0.032. x,/c is observed to decrease
with an increase in Tu. The ratio of centerline velocity to wake
edge velocity increases with freestream turbulence in the far
wake. Figure 4 presents the variation of wake edge velocity
with downstream distance. The velocity is nearly constant in
the far wake.

The calculations for the drag coefficient C, show that it
decreases slightly with an increase in Tu. The values of C, for
three turbulence intensities of 1.18, 1.61, and 2.78% are
respectively 0.013, 0.011, and 0.011 at an incidence angle of
12 deg. The value of the drag coefficient in Ref. 2 (for a
“solidity of 1.25) is 0.0170. The freestream turbulence may
play a role in delaying separation in a low Reynolds number
flow and this is likely to reduce C,. Emery et al.? have also
noted a decrease in drag coefficient when freestream tur-
bulence was increased by placing a grid before the test section.

Conclusions
Experimental investigations have been carried out to
determine the characteristics of a compressor cascade wake at
three different values of freestream turbulence levels. The
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results indicate that the wake decay is faster for the case of
higher freestream turbulence levels. A slight decrease in drag
coefficient was also observed as the turbulence level was
increased. The present investigations were limited to
Tu=2.78%. At higher values of Tu these effects are expected
to be more pronounced.

Similarity in the velocity distribution is observed in the near
wake and far wake regions at all three values of incidence and
turbulence levels.
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The Effect of Displacement Velocity
on Propeller Performance

Michio Nishida*
Kyoto University, Kyoto, Japan

N Refs. 1 and 2, simple vortex lattice methods were applied
to propeller performance analysis. The propeller blade
used in these papers is such that a single bound vortex is
placed at the quarter-chord and a helical trailing vortex leaves
both sides of each radial section on the quarter-chord line.

The vortex method is to find the induced velocity due to the

bound and helical vortices at the control points located on the
three-quarter chord of each radial section by using the con-
dition of no normal velocity to the surface. The analysis needs
the position of the helical vortex. In Refs. 1 and 2 it is
assumed that the helical trailing vortex leaves the blade at a
freestream velocity V. However, it is reasonable to consider
that the trailing vortex moves with a velocity V,+ 2 W,
where W is the axial displacement velocity at’infinity. The
purpose of this Note is to investigate the contribution of the
displacement velocity to propeller performance.

At the control points the velocity normal to the blade
surface must vanish: :

Vin=0 : 1)
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where ¥V is the induced velocity plus the freestream velogity
and 7 is the normal vector on the blade surface. The com-
ponents of the induced velocity in the x, y, and z directions at
the jth control point are expressed as

Ui/ Ve FU;
. Moo

i=
wi/Vy FW;

where R is the blade radius, T; the circulation in the ith radial
section, M the number of the radial section, and FU;;, FV,
and FW, are the influence coefficients. Substituting the

obtained induced velocities into Eq. (1), we have?
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where f, and f, are such that n="—f,i—f,j+k, and w is the
angular velocity of the propeller. -We have let the control
point be on a position (7, ¥, z.). Equation (3) forms M linear
equations. Once we obtain I', from Eq. (3), the induced
velocities can easily be determined from Eq. (2).

The influence coefficients are written as?

FUy FUH.., FUH, FUB;
FV; |= | FVH,,, FVH; |+ [FVB; | @
FW, FWH, FWH; ) | FWB,

where FUH, FVH, and FWH are the influence coefficients
due to the helical vortex, and FUB, FVB, and FWB are the
influence coefficients due to the bound vortex which are given
in Ref. 2.

Although the expressions for FUH, FVH, and FWH are
also given in Ref. 2, we must make slight corrections for the
" expressions. A position on a helical trailing vortex line which
leaves a position on the one-quarter chord (ry.00,25) 1is
defined by

y)
x,=r,cosb, y,=r,sind, z,= %/Z_W (6-6,)+2, (5)

where x,, ¥,, 2,, r,, and z, are nondimensionalized with
respect to the blade radius R. The influence coefficients due to
a helical trailing vortex line having strength of circulation per
length I" are expressed as | '

r N e

V ™
FUH rcos0[zc ——ﬁ( 1/2——)(6 9 )]
' wR
(1+1/V1 (rsiny—r ,sinf)
o V.
FVH =S e rvsinﬁ[zp—zo Z:E(IJ’V’T/:)(O_O")]
|4 w
+w—;(1+%7;)(rcos¢—rvcosﬁ)
\FWH L —r,reos(6—y) J
©)

ENGINEERING NOTES 735

Fig.1 Velocity diagram.
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Fig. 2 Calculated propeller characteristics, 8,, =47.5 deg. Solid
curve: displacement velocity considered; chained curve: displacement
velocity not considered.

where
rcosy —r,cost

rsiny —r,sinf
d= ‘ N
Ve,
z —ﬁ(1+/2—>(0 8,) ~2,
The displacement velocity W ap,pearmg in Eq. (5) is
unknown, hence we must estimate it from the velocity

diagram shown in Fig. 1. From this figure we can easily
deduce the following:

W=2V;/cosp 8)
where V; = (v? + @?) . Also we have

Vm+VzW£ V(1+1/ W)I 9
wR r wR ZVW r ©

tan¢g =
By employing ¢ from Eq. (9) in Eq. (8), the displacement
velocity Wis determined.
- Let the initial value of W be zero in Egs. (5) and (6). We can
then determine the local circulation I' from Eq. (3) and hence
the induced velocity from Eq. (2). After determining induced
velocity, the displacement velocity can be evaluated by using
Eqgs. (8) and (9). When we use the newly determined value of
W in Egs. (5) and (6), the value of T' is renewed. Thus an
iterative scheme is continued until the value of the induced
velocity converges. '
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Numerical calculations were made for the 54H60 propeller
developed by Hamilton Standard. The thrust coefficient Cy,
the power coefficient Cp, and the propeller efficiency » vs the
advance ratio J are shown in Fig. 2. C; and Cp are lower
when the displacement velocity is taken into account than
when it is not considered. This is because in the former case
the helical trailing vortex leaves the blade more rapidly than in
the latter case..Hence the pitch of the helical vortex becomes
larger in the first case, which leads to the fact that the velocity
induced by the helical vortex is weak. The difference between
the results for both cases decreases with increasing advance
ratio. A large advance ratio corresponds to a lightly loaded
propeller, so that the contribution of the - displacement
velocity reasonably becomes small for such a lightly loaded
propeller.” i .
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As shown in Fig. 2, the difference between the propeller
efficiencies for both cases is neghglble

The numerical calculations showed that only three or four
iterations were needed for the induced velocities to be con-
verged

References

!Baskin, V.E., Vil’dgrube, L.S., Vozhdayev, Ye. S. and
Maykapar, G.I., ¢“The Theory of the Lifting Airscrew,”’ NASA TT-F-
823, 1973, ’ ,

2Qullivan, I.P., “The Effect of Blade Sweep on Propeller Per-
formance,’’ AIAA Paper 77-716, June 1977. :

books on aeroacoustics has been published.

From the AIAA Progress in Astronautics and A efonautics Series..

AEROACOUSTICS:

JET NOISE COMBUSTION AND CORE ENGINE NOISE—v. 43
FAN NOISE AND CONTROL; DUCT ACOUSTICS; ROTOR NOISE—v. 44

STOL NOISE; AIRFRAME AND AIRFOIL NOISE—v. 45
ACOUSTIC WAVE PROPAGATION;
AIRCRAFT NOISE PREDICTION;

_ AER_OACOUSTIC INSTRUMENTATION—V. 46

Ea’lted by Ira R. Sch wartz, NASA Ames Research Center, Henry T. Nagamatsu, General Electric Research and Development
Center,and Warren C. Strahle Georgia Institute of Technology

The demands placed upon today’s air transportation systems, in the United States and around the world, have dictated the
construction and use of larger and faster aircraft. At the same time, the population density around airports has been steadily
increasing, causing a rising protest against the noise levels generated by the high-frequency traffic at the major centers. The
modern field of aeroacoustics research is the direct result of public concern about airport noise.

Today there is need for.organized information at the research and development level to make it possible for today’s
scientists and engineers to cope with today’s environmental demands. It is to fulfill both these functions that the present set of

The technical papers in this four-book set are an outgrowth of the Second International Symposium on Aeroacoustics held
in 1975 and later updated and revised and organized into the four volumes listed above. Each volume was planned as a umt SO
that potential users-would be able to flnd within a single volume the papers pertaining to their special interest.

For Aeroacoustics volumes purchased as a four-volume set: $65.00 Mem. $125.00 List

'I“O ORDER WRITE: Publications Order Dept., AIAA, 1633 Broadway, New York, N.Y. 10019

v.43—648 pp., 6 x 9, illus. $19.00 Mem. $40.00 List
v. 44—670pp., 6 x 9, illus. $19.00 Mem. $40.00 List
v.45—480pp., 6 x 9, illus. $18.00 Mem. $33.00 List
v. 46—342 pp., 6 x 9, illus. $16.00 Mem. $28.00 List




