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4'3O DIHEDRAL AT A MACH NUMBm OF 4.9* 

By Morton Cooper and Charles R. Gunn 

SUMMARY 

An experimental study of the pressures on a hypersonic glide con- 
figuration having 79.5' sweepback and 45' dihedral has been conducted 
in the Gas Dynamics Branch of the Langley Research Center at a Mach 
number of 4.95 and a Reynolds number of 15.7 x 10 based on body length. 
The angles of attack of the configuration referenced to the plane of the 
upper surface were Oo, 5O, and 10'. The pressures on the lower surface 
in the plane of symmetry approached the pressure that would exist on a 
swept infinite cylinder within a distance from the apex of about 7 nose 
diameters - the nose diameter in the plane of symmetry being used as 
the reference. Because of the low range of crossflow Mach numbers in 
the present investigation, 0.92 to 1.75, no adequate prediction of the 
pressures elsewhere could be made by either modified Newtonian or modified 
tangent-wedge approximations. 

6 

INTRODUCTION 

An experimental program is now in progress in the Gas Dynamics 
Branch of the Langley Research Center to evaluate the effects of large 
dihedral on the aerodynamic characteristics of hypersonic glide configura- 
tions. 
for alleviating the leading-edge heating problem on highly swept wings 
during hypersonic glide and reentry and a configuration having 79.7" plan- 
form sweepback and 45' dihedral was suggested as a means of fully exploiting 
the dihedral concept. 

The use of large dihedral was proposed in reference 1 as a means 
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v. Low-speed stability tests of a very similar configuration (ref. 2) 
were encouraging as regards stability characteristics and maximum lift- 
drag ratio; however, the results indicated the need for further study to 
develop a suitable control arran 
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It is the purpose of the present paper to provide pressure data on m 

this configuration at a Mach number of 4.95. 
limited analysis in order to expedite publication. 

The data are presented with 
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pressure 

free-stream pressure 

pressure at ridge line 

stagnation-point pressure behind normal shock 

theoretical pressure at ridge line 

free-stream stagnation pressure 

radius of portion of cylinder generated by ridge line (see 
fig. 1) 

free-stream stagnation temperature 

free-stream velocity 

distance measured from apex, in plane of symmetry, along 
ridge line (see fig. 1) 

distance measured from apex, in plane of symmetry, along 
upper surface (see fig. 1) 

distance around model from ridge line in plane perpendicular 
to ridge line (see fig. 1) 

distance from plane of symmetry along upper surface (see 
fig. 1) 

angle of attack of model rid e line (see fig. 1) 4 
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angle of attack of plane of upper surface (see fig. 1) 

free-stream viscosity 

free-stream density 

dihedral angle (see fig. 1) 

local dihedral angle (see section B-B fig. 1) 

APPARATUS, TESTS, AND METHODS 

Jet 
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The tests were conducted in a 9-inch-diameter blowdown jet installed 
in the Gas Dynamics Branch of the Langley Research Center. The circular 
nozzle vas  designed by the method of characteristics and the ordinates 
were corrected for boundary-layer growth by assuming a turbulent boundary 
layer. The calibrated Mach number in the test section is approximately 
4.95 with a maximum deviation from this nominal value of about 0.04 for 
a given pressure. The mximum running time of the jet for the stagna- 
tion conditions of the present investigation is in excess of 2 hours. 
Somewhat more detailed information is presented in reference 3. 

Model and Instnunentation 

The model was 6.5 inches long and was constructed from steel. 
leading edges were swept back 79.5O in the plane of the upper surface; 
the dihedral was 4 3 O  in a plane perpendicular to the ridge line. 
sketch of the pressure model is presented as figure 1 and a photograph, 
as figure 2. The sharp corners formed at the apex and formed at the 
intersections of the side planes and upper surface were rounded to 
approximately the radii indicated in figure 1. 
was constant for the entire body length. 

The 

A 

The ridge-line radius 

The pressure orifices were 0.015 inch in diameter and the data were 
recorded either on mercury or butyl phthalate manometers, depending on 
the pressure range. 

Ins tallation 

The support and actuating mechanism for inserting the model into 
the jet is shown in figure 3 .  In this figure, the model is shown 
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a', deg 'th,r Pt Pm 
Pt,w 'th,r 'th,r 

0 0.00346 18.52 0.5785 
5 9 00569 11.23 .3516 

10 .00889 7.21 .2251 

retracted fronthe jet. The model and its sting support 
the side door assembly which, in turn, was attached to a 

b 

were mounted to 
pnuemat i c q -  

. 

cylinder. 
The model was inserted into the proper testing position in the jet 
prior to flow initiation. 

The angle of attack was adjustable in a horizontal plane. 

Test Conditions 

A l l  tests were conducted at a stagnation pressure of approximately 
1,000 pounds per sqyare inch and a stagnation temperature of 400° F. 
For these conditions, the Reynolds number based on a body length of 
6.3 inches is 13.7 x 10 . 
are presented in table I. 
surface (a') were Oo, 5O, and loo. 
of the ridge line were 10.70, 15.70, and 20.70. 
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6 0 
4 The specific stream conditions for each test 

The angles of attack of the plane of the upper 
The corresponding angles of attack 

Data Reduction 

d 

%'or a' = 5 O  and loo, a shock exists parallel to the ridge line for 
the infinite cylinder because of the supersonic crossflow Mach number. 
No shock exists for a' = 0' because the crossflow Mach number is 
subsonic. 

.9 
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RIZSULTS AND DISCUSSION 
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The pressure distributions on"the*kodeL are presented in figures 4 
and 5 for angles of attack of the plane of the upper surface (a') of Oo, 
50, and loo. 
symmetry are presented in figure 4 for both the upper and the lower sur- 
face. 
two representative longitudinal stations (station A, 
station B, x/2 = 0.80). 
flagged. 

The longitudinal pressure distributions in the plane of 

Transverse pressure distributions are presented in figure 5 for 

In all cases, upper-surface points have been 
x/t = 0.40; 

Longitudinal Distributions 

The primary effect of the blunted nose of the configuration is to 
increase the pressure in the apex region. 
of this effect is restricted to less than 20 percent of the body length 
or  about 7 nose diameters - the nose diameter (3/16 inch) in the plane 
of symmetry being used as the reference. 
downstream of this region rapidly approaches the value for the swept 
stagnation line. 

(See fig. 4.) The major part 

The pressure on the ridge line 

As a matter of further interest, the ridge-line pressures downstream 
of the apex region have been compared with Newtonian theory which has 
been modified to the stagnation-point pressure - a procedure common for 
blunt bodies. 
were obtained from the following equation: 

* 

These results, designated as Newtonian I in figure 4, 
.* 

P - P, 2 2 
Pt - p, = sin a cos I" 

or 

is simply the ratio of the free-stream pressure to the 

stagnation-point pressure behind a normal shock for the test Mach number 
of 4.95. For the ridge, the local dihedral angle I" (fig. 1) is zero. 

n The values of Newtonian I plotted in figure 4 are then 
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where the second ratio on the right-hand side represents tabulated constants 
presented in the section entitled "Data Reduction." 

Although the Newtonian theory gives a reasonable average prediction 
downstream of the apex region, it is clear that the swept-cylinder approxi- 
mation is more definitive in that it is always a lower asymptote. 

On the upper-surface center line (fig. 4), the asymptotic pressure 
is predicted surprisingly well by considering the upper surface as a two- 
dimensional expansion surface making an angle 
free stream. 

a' with respect to the 

Transverse Distributions 

The transverse pressure distributions (experimental pressure divided 
by experimental ridge-line pressure) on the lower surface have been com- 
pared with Newtonian I results, with a second modified Newtonian theory 
designated as Newtonian 11, and with a modified tangent-wedge approxima- 
tion. The upper-surface pressures are compared with the 
same two-dimensional expansion pressure shown in figure 4. 

(See fig. 5.) 

In view of the agreement between the ridge-line pressure and the 
swept stagnation-line pressure in the vicinity of station A and station B, 
a modified Newtonian theory (Newtonian 11) was calculated using the 
stagnation-line pressure on a swept infinite cylinder as a datum instead 
of the stagnation-point pressure. In order to be specific, the pressure at 
any transverse location y compared with the pressure at the ridge line 
is, for a fixed angle of attack, as follows: 

or 

00 b, The term p 
the ratio of the 

a swept infinite 

c 

a 
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,b 

is, in this particular approximation, interpreted as 

free-stream pressure to the stagnation-line pressure on 

cylinder; that is, = %- . (See section entitled 
pr 'th,r 

"Data Reduction" for tabulated values. ) 
designated as Newtonian 11, are presented in figure 5. 

The results from equation ( 2 ) ,  hl 

It is to be 
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noted that the Newtonian I curve is obtained by dividing the pressure 
distribution from equation (1) by the ridge-line value from equation (1). u 

The pressure in the modified tangent-wedge approximation was computed 
from the oblique-shock equation by utilizing the free-stream Mach number 
and the compression angle between the free-stream velocity vector and 
local planes tangent to the undersurface. 
sin'l(sin a cos I"). 
terms of the ridge-line pressure (given by the tangent-wedge a 
tion) and the results are presented in figure 5. 
similar to most applications of Newtonian theory which retain the form 
of the pressure distribution but discard the pressure level. 
is then established from a more reliable datum. 
stagnation-point pressure is used as a reference datum in Newtonian I 
results and the stagnation-line pressure on a swept infinite cylinder 
is used in Newtonian I1 results. 
the tangent-wedge approximation is exceedingly high in comparison with 
the present data. 

This compression angle is 
These pressures were then nondirnensionali 

This procedure is 

The level 
For example, the known 

The actual pressure level given by 

A comparison of the lower-surface data with theoretical estimates 
(fig. 5) indicates wide discrepancies, a fact which is not very surprising 
since for a' = 0' 
Mach number) is 0.92 and that f o r  a' = 10' is only 1.75. A l l  the 
theoretical estimates are in close agreement with each other, particu- 

preference between them. 

the Mach number normal to the ridge line (crossflow 

* larly at the higher crossflow Mach numbers; hence, there is little 

The prediction of the upper-surface pressure is rather good for 
a' = 5O and 10'. 

CONCLUDING REMARKS 

An experimental study of the pressures on a hypersonic glide con- 
figuration having 79.5' sweepback and 45' dihedral has been conducted 
in the Gas Dynamics Branch of the Langley Research Center at a Mach number 
of 4.95 and a Reynolds number of 15.7 x 10 6 based on body length. 
angles of attack of the configuration referenced to the plane of the 
upper surface were Oo, ?O, and 10'. The pressures on the lower surface 
in the plane of symmetry approached the pressure that would exist on a 
swept infinite cylinder within a distance from the apex of about 7 nose 

the reference. 

The 

- diameters - the nose diameter in the plane of symmetry being used as 
Because of the low range of crossflow Mach numbers in 

u 
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the present investigation, 0.92 to 1.75, no adequate prediction of the 
pressures elsewhere could be made by either modified Newtonian or modified 
tangent-wedge approximations. 

Langley Research Center, 
National Aeronautics and Space Administration, 

Langley Field, Va., July 9, 1939. 
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Figure 4.- Pressure distribution along ridge line and upper-surface cen- 
ter line. 
plotted as a function of 

(Flagged symbols indicate upper-surface data and are 
x ' / 2  .) 
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(x/Z = 0.40) k / Z  = 0.80) 
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(a) a' = 0'. 

Figure 5.- Pressure distribution around body at stations A and B. (Flag- 
ged symbols indicate upper-surface data and are plotted as a function 
of yf/r.) 
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Figure 5.- Concluded. 

NASA - Langley Field, Va. L-604 


