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SUMKARY

*'- Tabulations of experimental surface pressure distributions on both blunt

and sharp axisyuuetric forebodies are presented for a freestream Mach number of

3.0 and body angles of attack up to 17.5 degrees. The experimental details are

described, but no analysis of the resultant data has been undertaken.
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INTRODUCTION

Data are readily available relating to the surface pressure distributions and

pressure drags of a variety of axisymmetric forebody profiles at both transonic and
1-6supersonic Mach numbers at zero angle of attack 1I  This is not the case for non-zero

angles of attack. Consequently it has been decided to publish surface pressure distri-

butions obtained at a freestream Mach number of 3 for sixteen axisymuetric forebody pro-
b files at angles of attack up to 17.5 degrees. A detailed analysis of the data for zero

7
angle of attack extracted from the tests reported here has already been published

The forebody shapes investigated were spherically-blunted single and double cones,

spherically-blunted tangent ogives, truncated cones and three-quarter power-law profiles. .'"

A description of the wind tunnel tests and tabulations of the measured pressure distri-

butions are presented in this Memorandum. No analysis of the results has been undertaken.

2 WIND TUNNEL, MODELS AND INSTRUMENTATION
h.

The models were tested during the period 1969 to 1971 in a 15 inch x 10 inch

(0.38 metre x 0.25 metre) blowdown wind tunnel, the freestream Mach number at the model

location being 3.00. The stagnation pressure was kept constant at 552 x 103 N/rM2, giving

a freestream Reynolds number per mm of 4.18 x 104 for all the models. No boundary layer

transition fixing devices were used on any of the models.

The general arrangement of a model, adaptor and sting as mounted in the wind tunnel

is shown in Fig 1, together with a cross-section through one model tube, the adaptor, and

part of the sting. Seven tubes were accommodated within the sting, evenly spaced in roll, - -

and with '0' ring seals located at their ends at the sting-adaptor 
joint face. 0

By slackening the adaptor fixing screw, the adaptor and model could be rotated in

steps of 51.43 degrees (one-seventh of a circle). N,

For each of the sixteen forebody profiles, two models were manufactured with

differently positioned pressure tappings. The assigned model numbers and non-dimensional

parameters of the forebody profiles are given in Table 1, the notation being defined in

Fig 2 for the different types of forebody profile. As there are two definitions of the

bluntness ratio in frequent use (ie 2r/D and d/D - see Fig 2), both ratios are tabulated.

Drawings showing the actual model dimensions in millimeters are given with each table of

results.

The pressure measuring holes were of diameter 0.5 mn, and were arranged in a spiral

pattern around each model to minimise downstream interference effects between adjacent

holes. All the tappings were inspected prior to the tunnel tests to ensure there were

no burrs either inside the holes, or on the body surface around the holes.

The surface pressures were measured using a pressure transducer mounted in a

pressure-stepping switch situated outside the wind tunnel. Pressure settling dwell times

on the ports were determined from a number of initial 'shakedown' wind tunnel runs. Each

port of the switch was '0' ring sealed, with the transducer connected to vacuum between

~ ports for the purpose of eliminating hysteresis effects. Known reference pressures were 'a

applied to the initial three ports of the switch, thus allowing the transducer to be

4"
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calibrated for each scan of the model pressures. The wind tunnel stagnation pressure

was recorded for each pressure switch reading using a separate transducer mounted in a

module complete with its own pressure calibration system.

The recording equipment consisted of a data-logger which switched the various

transducer readings sequentially through an amplifier and analogue-to-digital converter.

The resulting digital data were stored on paper tape ready for computer reduction to

yield values of (pi p0

The transducer excitation voltages and amplifier gain were set such that

the overall pressure range of each transducer gave outputs in the order of 10000 counts.

The observed repeatability of the readings derived from the reference pressures was

approximately ±2 counts. Applying this change to both transducers, the variation in

(p/p0) should be within ±0.0001 to ±0.0011 for the lowest to highest recorded values of

p respectively.

The error in the setting of the model angle of attack (a) is not known, but is

probably better than ±0.1 degree. The location of the pressure holes in roll ( ) is

probably within ±0.5 degree.

3 PRESENTATION OF THE RESULTS

The surface pressures (p) have been divided by the freestream stagnation pressure

(p0), and are presented in Tables 2 to 17. Each table provides the complete results for

one forebody profile (ie contains results from two nominally identical models as

described in section 2), together with the forebody geometry and pressure hole locations.

The forebody pressure drag coefficient at zero angle of attack (CDp(a.0°)) was obtained..

from integrations of the zero angle of attack pressure distribution as described in

Ref 7. Model angles of attack (a) were varied from 0 to 17.5 degrees in 2.5 degree

steps.

The models form two different groups: those with pressure tappings spaced

51.43 degrees apart in roll (model numbers 4 to 23), and those with pressure tappings

spaced 45 degrees apart in roll (model numbers 24 to 35). For the first group, the

model roll increment equals the spacing between the pressure tappings, and so there are

only seven different values for the effective hole roll angle (0) relative to the pitch .".

plane, irrespective of the number of pressure tappings. Results for these models are

shown in Tables 2 to 11. The differences in * shown for models 4, 10 and 12 (in

Tables 2, 5 and 6 respectively) are the result of mistakes made during model manufacture.

Manufacturing errors were also responsible for the incorrect machining of models 10 and

Ii (Table 5), the dimensions of neither model being quite as intended.

For the second group of models, the model roll increment does not equal the spacing

between the pressure tappings, and so the number of values for the effective roll angle

(*) relative to the pitch plane of each forebody profile becomes 98 (two models, each with

seven tappings and seven roll angles). Results for these models are shown in Tables 12

to 15, together with the variation in 0 Tables 16 and 17 give only zero angle of

attack date since models 32 to 35 were not tested at any other angle of attack.
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-. With the exception of models 32 to 35 (Tables 16 and 17), the zero angle of attack

results are the average values of data taken at the seven model roll angles.
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Table 2

(pi/p) FOR MODELS 4 AND 5
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Tab le 3

(pip0 ) FOR MODELS 6 AND 7 '
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Table 5

(pip0 ) FOR MODELS 10 AND 11

TituUCA-rg 0 ON~- CYLINDER
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Table 6

(pip0 ) FOR MODELS 12 AND 13
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Table 7

(pip0 ) FOR M4ODELS 14 MND 15

TILUMCArLD R i Y~4~
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Table.

(pip )FOR MODELS 16 AND 17
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Table 9

(Ppp0  FOR MODELS 18 AND 19
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Table 10

S(pp) FOR MODELS 20 AND 21
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Table 11I

(Ppp0  FOR MODELS 22 AMD 23

TRUNCA1E CONE - r-YU04b~it

y

I x 17 .*1I3
Ly I ~ I 0 .3123 tS 3I ga&i

.44

15'45. ;

ft,



17

Table 12

(p/p 0 ) FOR MODELS 24 AND 25
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Table 13

(pip0 ) FOR MODELS 26 AND 27
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Table 1428AD2

(pip0 ) FOR MODELS28AD9
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Table 15

(p 0p) FOR MODELS 30 AN4D 31
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.1~ Table 16

(pp) FOR MODELS 32 AND 33 AT ZERO ANGLE OF ATTACK ALONE

VI.,,

0.1625
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I 19.+ -L-15 79261 4 164 129154 15T4- 154.53 19*1406 1O3214- IO20 10-18
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Table 17-

(PiP0 ) FOR MODELS 34 AND 35 AT ZERO ANGLE OF ATTACK ALONE
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I~ocL.Ptj 3- 13* 35 34 1 T 34 3S 34- 1 4* 1 1 1 3, 3

*1*1 X

a 12.6



22

LIST OF SYMBOLS

CDp(a(0) forebody pressure drag coefficient at zero angle of attack. Pressure

drag/(qwD2/4)

D maximum body diameter

d diameter of nose blunting (see Fig 2)

f forebody fineness ratio L/D

L overall forebody length

p surface pressure

P0  freestream stagnation pressure

q dynamic pressure

- R radius of tangent ogive profile (see Fig 2)

r body radius at junction between spherical nose blunting and forebody

profile (see Fig 2)

X axial distance along body centre line (positive upstream)

Y radial distance of body surface from X axis

body angle of attack to freestream

aI and 82 angles between conical sections and X axis (see Fig 2)

effective pressure hole roll angle. Set in range of 0 to 90 degrees

as model and pressure symmetry either side of pitch plane assumed.

- 0 is most leeward generator on model surface as a increases

positively.

.4'
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No. Author Title, etc

I - Foredrag of spherically blunted cones in supersonic flow.

Engineering Sciences Data Unit Item 68021 (1968)

2 Forebodies of-fineness ratio 1.0, 1.5 and 2.0, having low values of

wave drag coefficient at transonic speeds.

Engineering Sciences Data Unit Item 79004 (1979)

3 Axial pressure coefficient distributions for forebodies of fineness

ratio 1.0, 1.5 and 2.0 at zero incidence in transonic flow.

Engineering Sciences Data Unit Item 80008 (1980)

4 - Pressure drag of blunt forebodies at zero incidence for Mach numbers

7, up to 4.

Engineering Sciences Data Unit Item 80021 (1980)

5 - The pressure distribution at zero incidence over selected families of

blunt axisymmetric forebodies.

Engineering Sciences Data Unit Item 82018 (1982)

6 Pressure drag of spherically-blunted conical forebodies at zer -

incidence for Mach numbers of 3 and above.

* Engineering Sciences Data Unit Item 82028 (1982)

7 L.C. Ward Measurements of pressure distributions and pressure drags at zero

incidence on both blunt and sharp axisymmetric forebodies at a Mach

number of 3.

ARC Reports and Memoranda No.3849 (1976)
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