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Preface 

Since the publication of "Compilation of Wind Tunnel Coefficients for Parabolic 
Reflectors" in The Deep Space Network, Space Programs Summary 37-63, Vol. 11, 
pp. 36-41, May 31,1970 there have been several requests internally and from industry for 
the complete sets of wind tunnel data that were assembled. To  facilitate anticipated 
requests and future transmission, an appendix containing computer printouts for all of 
the four data sets are reproduced here. Since interpretation of these data is meaningless 
without an exact definition of the coordinate system frame of reference, the original 
article is reproduced as well. 

During a recent application of the data in the 26-m S-X Mods program forces and 
torques computed using the data were compared with alternative results using data 
applied by the Rohr Corporation for design of the Mars antenna. W. S. Katow and W. Ng 
made the comparisons and concluded that the data presented here does not exhibit 
several evident anomalies found in results from the information used by Rohr. 
Nevertheless, several obvious spikes from key punch errors were discovered and have been 
removed by smoothing. 

In the application of these coefficients it should be clearly understood that they 
represent a composite of wind tunnel tests on several different models, most heavily 
weighted by data delived for Mars antenna design studies. Applying the data to other 
antennas would introduce mild-to-strong errors, depending upon different influences of 
associated structures, such as pedestals, alidades, feed or subreflector supports. 
Differences in the local terrain and nature of the boundary layer plane introduce 
additional discrepancies. Although the foregoing reservations have also been covered in 
the original paper, it seems to be worth while to  emphasize that application of the data 
may be vahd only in a preliminary sense. 

The work described in this report was performed by the Applied Mechanics Division of 
the Jet Propulsion Laboratory. 
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Abstract 

Wind tunnel data t o  predict loading o n  antenna structures is tabulated. 



Reprint from The Deep Space Network, Space Programs Summary, Vol. I I ,  pp. 36-41, May 31,1970. 

Compilation of Wind Tunnel Coefficients 
for Parabolic Ref lectors 

Compilation of Wind Tunnel Coefficients for 
Parabolic Reflectors, R. l e v y  and D. Kurtz 

was reasonable to use interpolation methods to generate 
the present data. Very little smoothing was performed 

a. Introduction. Complete sets of aerodynamic wind 
since the identification of "bad points" is questionable. 
Whenever large gaps appeared, the existing data were 

loading coefficients have been assembled from existing 
hand-plotted and faired. As the result, the six conven- 

wind tunnel tests for parabolic reflectors. The coefficients 
tional aerodynanlic coefficients were determined by a 

have been compiled for four particular combinations of 
combination of hand and computer interpolation. 

focal length F, diameter D, reflector depth H, and sur- 
face porosity P. These combinations, which are repre- 
sentative of typical JPL antennas in the 85- and 210-ft- b. Data compilation. The conventional force (axial, 

normal, side) and nloment (pitch, yaw, roll) coefficients diam class, are: 
are non-dimcnsionalized and tabulated for 5-deg incre- 

As the four configurations are similar to surfaces pre- 
viously studied in extensive wind tunnel programs,' it 

'Fox, N. L., and Dayman, B., Jr., Preliminary Report onParaboloidal 
Reflector Antenna Wind Tunnel Tests, Feb. 28, 1962 (JPL internal 
document); and Blaylock, R. B., Aerodynamic Coefjicients for a 
Model of a Paraboloidal-Reflector Directional Antenna Proposed 
for a JPL Advanced Antenna System, May 1, 1964 (JPL internd 
document). 

ments of antenna elevation and azimuth orientaiions 
relative to the wind direction. The conlpilations are avail- 
able either in 80-column punched card format or as the - 

output of a con~puter program that reads the cards, 
prints the coefficients in tabular form, and provides 
SC-4020 plots of coefficient curves. Figure 21 shows an 
example program print-out; Fig. 22 sho~vs plots for the 
head-on wind case (0-deg azimuth) for each of the four 
reflector conlbinations. 

c. Nomenclature. The position of the dish relative to 
the wind is defined by the azimuth and elevation angles 
(Fig. 23). The azimuth angle is the angle between the 
wind and the cel~terlille of the paraboloidal reflector 
projected on the ground plane. The elevation angle is 
the angle between the reflector centerline and the ground 
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planc. TVhcn both the azimuth and elevation angles are nori~t~il, and side force vectors. The origin is positioiled 
zcro, the coilcavc side of the reflector is directed sym- at the reflector vertex and all moments are adjusted to 
mc,trically up\vind. When the elevation angle is 90 (kg, apply at that point. 
the anttnna is pointed at the zenith. 

The forces and lnoments presented in Fig. 23 are in 
The body axis system is a system that always moves the for111 of the custoinary non-dimensional aerodynamic 

with the dish. Its axes define the directions of the axial, coefficients. The force coefficients are defined as 

force 
(dynamic pressure) X (reflector frontal area) 

The moment coefficient is defined as 

moil~ent 
(dynamic pressure) X (reflector frontal area) X (reflector diameter) 

The dynamic pressure is defined as 

(ambient static air density) X (air velocity)" 
2 

Thv force and lnoment sign conventions are as follo\vs 
(Fig. 23): 

(1) Axial force. Along the centerline and positive 
towards the concave surface at the reflector. 

(2) Normal force. Perpendicular to the centerline and 
positive in a vertical direction upwards when both 
the azimuth and elevation asgles are zero. 

( 3 )  Side force. Perpendicular to the centerline and 
positive to the right (viewed from the convex side) 
when the azimuth angle is zero and elevation angle 
is less than 90 deg. 

( 4 )  Pitch moment. Positive for a pitch-up moment 
when azimuth angle is zero. 

(5 )  Yaw moment. Positive for a clockwise moment 
(viewed from above). 

(6) Roll moment. Positive for a clockwise moment 
when viewed from the convex side of a reflector. 

d.  Validity of coeficients. All coefficients were de- 
rived from a series of wind tunnel tests and are, hence, 
subject to any and all features peculiar to each test. Due 
to the manner in which a balance was used for resolving 
the forces and moments, the pitch and roll moment data 
are substantially inferior to the other four components. 
If it were not for the support effect and other tunnel 

boundary flow anomalies, the rolling moment coefficient 
should be identically zero. Reynold's Number effects 
were studied (luring the initial wind tunnel investiga- 
tions and conditions were so arranged that no scaling 
corrections have to be made for application to a full-size 
antenna. The wind is always assi~med to be parallel to 
the ground plane. 

No attempt has been made to include effects due to 
supporting structure and ground plane; the coefficients 
are the result of wind loads on the parabolic surface 
only. Therefore, the present results are primarily useful 
for preliminary analysis in the absence of wind tunnel 
tests on a specific model that represents the applicable 
supporting and back-up structures. For practical appli- 
cations, some estimate should be made of the auxiliary 
effects of the additional structure and ground plane in- 
teraction. To obtain an indication, a survey has been 
made to compare the present coefficients with those 
found for a wind tunnel model of a 210-ft-diam antenna, 
which also included support structures.The following 
trends were observed: 

( 1 )  Normal force. The magnitude of the coefficient is 
increased by about 5% (i.e., if the coefficient is 

SBlaylock, R. B., Aerodynamic C o e f f i c i e n t s  for  a Model  o f  a 
Paraboloidal-Reflector Directional Antenna Proposed for a JPL 
Adoanced Antenna System, May 1,  1964 (JPL internal document). 
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Fig. 23. Nomenclature for force-moment tabular 
data and  body axis orientation 

positive, it beconies 5 %  more positive; if it is 
negative, it becornes 5% more negative). 

(2) A~a'ak force. Essentially no change. 

( 3 )  Side force. The magnitude of the coefficient is 
increased by about 30%. 

( 4 )  Pitching moment. The magnitude of the coefficient 
is reduced by about 25%. 

(5) Yawing moment. The magnitude of the coefficient 
is reduced by about 15%. 

( 6 )  Rolling moment. The magnitude of the coefficient 
is reduced by about 100%. 

e .  Comments on porosity. Some analysis was per- 
formed concerning the characteristics of porous panels 
of varying hole diameters and hole length (skin thick- 
ness). In particular, the mininlum hole-length-to-diameter 
ratio (l/d) for which the benefits of porosity were still 
achieved was of interest. A reasonable argument exists 
that all flow that passes through a porous panel will, in 
fact, enter normal to that panel and, further, that the 
flow "inside" the panel will be laminar since wind veloci- 
ties in question correspond to subcritical Reynold's Num- 
bers. In order to define the condition at  which the drag 
characteristics of a porous panel degrade significantly, 
one needs only to consider the mass flow rate through 
the panel. It  may be shown (Ref. 1) that the drag varia- 
tion with l / c l  increases asynlptotically to approach the 
drag of a solid panel. That is, if the panel is "infinitely 
thin" it represents the best case (least drag), rated as 
100% efficient; as l/d increases, the porous panel behaves 
more and more like a solid panel. In fact, as l/d ap- 
proaches 3, almost no drag reduction is achieved for a 
porous panel and the efficiency approaches 0%.  The 25 
and 50% porosity combinations given in Figs. 21 and 22 
had relatively small l/d and the efficiencies were close 
to 100%. 

Reference 

1. Schlichting, H., Boundary Layer Theory, McGraw-Hill Book Co., 
Inc., New York, 1960. 
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