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PRESSURE DISTRIBUTIONS ON AN ABMA JUPITER NOSE CONE
(13.3 DEGREES SEMI-VERTE.. ANGLE) AT NOMINAL
MACH NUMBERS 5, 6, 7, AND 8

Prepared by:
£. J. Redman and L. Pasiuk

mm,&muwo distributions were obtained on an

ABMA JUPITER nose cone (13.3 degrees sesmi-vertex angle)
2t momimal Mash nushers of §, &, 7, and 8 in the NOL

12 x 13 cm dyversonic Tunnel No. 4. These distributions
were measured aiany model meridians that were spaced 45
degrees apart, and were taken for yaw angles ranging
from 0 to 7.5 degrees, The tabulated data are given

and plots are praesented to show the chief characteristics
of the data. A limite¢d amount of pressure data from

tests of a sphere model is included for co-puriaon.K

U. S. NAVAL ORDNANCE LABORATORY
WHITE OAK, MARYLAND
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The hypersonic pressure distributions presentod in this .
report are among the first to be obtainod at NOL on blunt-

body shapes. This investigation of an Army Ballistic

Missile Agency (ABMA) JUPITER nose cCODn® WaS Spouscrad -

by the U. S. Army and was performed under Task Number

NOL-300. Results presented herein are inteaded to fa-

cilitate heat-transfer computation.

This document may include technical data and other in-
formation which may be proprietary to parties other than
the Government and, therefore, the transmission by the
Department of the Navy of this document is not to be
regarded, by implication or otherwise. as licensing or
conveying any rights or permission to the recipient or
any other person or corpcration gaining access to this
document to use for commercia’. purposes, as distinguished
from Government purposes, the said technical datsa or
information disclosed herein.

The authors wish to acknowledge the contributions of
Mr. J. A. Iandolo who was responsible for the design of

the model and ¥r. R. H, Garrea, Jr., who participated
in the tests and was responsible for the details of the ”

test preparation.

W. W, WILBOURNE
Captain, USN
Commander

R. KENNETH LOBB
By direction
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3 SYMBOLS
b = free-stream Mach number
P = gtatic pressure on model surface

Py = ambient (free-stream static) pressure

Py = base pressure

Po' = Pitot pressure

r = radius >f spherical nose (0.385 inches)

Re = free-stream fleynolds number

] = length slong model profile, inches; measured from
the intersection of the model axis with the spher-
ical nose

e Y T v

s = length along model profile, inches; measured from
the stagnation point on the yawed model

€ = yaw angle, degrees; angle betweea the relative
wind vector and the model axis )

] Y) = zngle between the model axis and a normal to the
surface of the spherical nose, degrees; equals
8/r radians

‘7 = §'/r radians

9., = angle between the model axis and a normal to the
surface of the spherical base, degrees

o = geml-vertex angle of a cone

¢ = roll angle, degrees; angle bctmn* and the
meridian of orifices, Numbers 5-24 (gimo 1)

¢o = reference meridian dofined by the intersectioa of
the windward surface of the model with the plane

of yaw

v
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PRESSURE DISTRIBUTIONS ON AN ABMA JUPITER NOSE CONE
(13.3 DEGREES SKMI-VERTEX ANGLE) AT NOMINAL
MACH NUMBERS 5, 6, 7, AND 8

INTRODUCTION

1. The choice of nose shape for ballistic missiles of
of aerodynamic heating and stability. Blunt bodies are
relatively favorable in regard to heating, hut do not
bave good stability characteristics. In thoso respects,
the spherically-blunted cone represents a compromise
configuration. Since theory does not define the pres-
sure gradieuts on such bodies with sufficient accuracy
for heat-transfeor computation, oxperimental pressure
measurements are needed. Experimental pressure distri-
butions for a series of sphere cones at M = 5.8 are
available in reference (a). The investigation reported
herein presents experimental pressure distributions for
an ABMA JUPITER nose cone taken over a nominal Mach
number range of 5 to 8 in several meridian planes of
the model and over a moderate range of yaw angle.

Construction and Installation of the Model

. The pressure model of the JUPITER nose cone had a
base diameter of 2 inches as shown in Figure 1, Pre-
liminary tests with solid models of several siges in-
dicated that this pressure model shculd be free from
the effects of shock reflection and of boundary-layer
separation from the wall of the hypersonic tunnel.

The preliminary tests consisted in taking schlieren
photographs over the expected range of test conditions.
A sketch of the pressure model is given in PFigure 1,
which shows that the orifices cn the spherical nose
were located alternately along two diametrically-
opposite meridians of the model. The model shell was
made of mild steel for ease of manufacture, and was of
integral comstruction except for the base, which was a
separate spherical segment to which a 0,.69-inch 0.D,

X 7 3/4-inch hollow sting had been rigidly attached.
The base was threaded into the conical portion of the
model shell to assemble the model. Stainless steel
pressure tubes cf 0.023-inch I1.D. were finished flush
with the =odel surface to form orifices normal to the
surface. Internal tubes of 0.042-inch I.D. were con-
tinued to points just beyond the end of the sting.

The use of stainleas steel tubicg was a precaution

1
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against tube leakage at lowv test pressures aand high operat-
ing temperatures.

3. Figure 2 shows the model mounted in the 13 x 12 cm
Hypersonic Tunnel. The model holder consistsd basically
of a circular rod normal to the sting. A sleeve on the
inner end of this rod engaged the stimg by means of set
screvs, as shown in Pigure 2, and permitted pre~-determined
roll increments of T 45 degrees to be set by matching
scribe marks. The rod was locked outside the tunnel door
to maintain the yaw angle of the model. As caa be seen
in Pigure 3, a ¥, C. Clinometer was attached to the rod
outside the tunnel to set the yaw angle. Stainless steel
tubes of 0.0832-inch I.D, were silver-soldered over the
leads from the model and were passed without support
(approximately 14 inches) down the diffuser section of

the tuaRei. Thess tubss oxited frem tha tummal throush

a small plenum chamber to provide additional space for
flexing the tubes.

4. For the maximum yav angle setting, the center of the
model nose moved approximately 1 inch off the centerline
of the tunmel in the plane perpsmdicular to the nozzle
surfaco. The axis of rotation in yaw was 6 inches (3
calibers) downstream from the model base.

Test Instrumentation and Operating Conditions

8. Pigure 3 shows the general arrangesent of the test
instrumentation. In the lower foreground of the photo-
graph are shown two sleven-position rotary "O-ring”
vacuum valves of NOL design. The tubing from the first
21 orifices (Figure 1) was connected to these two valves,
and the pressures were read to X 0.1 mm Hg. on two
Wallace and Tiernan abaolute Hg manometers of one atmos-
phere range. Tubes from the three orifices on the bass
sphere-segment were individually connected to oil mano-
meters (reference b) having a common reference vacuum
and a range equivalent to 40 mm Hg. These oil manometers
(not included in Figure 2) were read to X 0.002 mm Kg.

8. The NOL 12 x 12 cm Hyperscnic Tunnel No. 4 is a
vertical closed-jet tunnel having a Mach number range

of 5 to 10 using an adjustable water-cooled wedge mossle
(Pigure 2). A nozzle of this type is describsd im re-
ference (c). For tests of relatively lomg duration, the
large mass-flow requirements near M = 5 make it advisable
to set actual Mach numbers consistently higher tham the
nominal values of 5, 6, 7, and 8. The tunnel conditions

applicable to the preseant tests were:

2
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Mach Supply Pressure Supply Tomperature Free-stream Reynolds
Number (atmospheres) (degrees, Rankinw») Number per Foot

5.4 6.00 645 3.48 x 108
6.3 10.12 888 2.48 x 108
7.2 12.14 1003 1.57 x 108
8.2 25.16 1383 1.53 x 108

T The above Mach numbers were obtained as follows: PFor
each setting of the noszzle, the model was retracted toward
the vall and Pitot and static probes were mounted at the
normal position of the model nose. The Rayleigh formula
was applied to the probe pressures to yield the test Mach
aumber. With the model restored to its test position, the
reading of the orifice on the model axis duplicated the
Pitot-pressure reading obtained from the probe,

RESULTS AND DISCUSSION

8. Figure 4 shows the location of the bow shock for M = 6.1
at zero yawv., This figure is a schlieren photograph of the
flow about a 2 1/4-inch base-diameter solid modei (with 1/3
inch diameter sting) used in the preliminary tests noted in

paragraph 2,

9. Pigure 3 presents the mero-yaw pressure distributions
obtained from orifices on the spherical nose and immediately
behind its tangency (8/r « 1.340) with the cone. A Newtonian
distribution curve (reference d) has been included as a
reference for the experimental variation of surface pressure.
It may be noted that adjacent points on the plot (10 degree
intervals on the sphere) present data from opposite meridi-
ans of tho model (Figure 1). These pressure distributioans
show very little variation with Mach number and depart
abruptly from the "Newtonian" trend as the point of tan-

gency (8/r = 1.340) is approached,

10. Pigure 6 gives a comparison of the pressure distribu-
tion on the spherical nose of JUPITER with the distribution
obtained on & 1.75-inch diameter sphere model. The JUPITER
nose data tend generally to be somewhat higher thanm the
data shown for the complete sphere. In particular, the
presence of a coaical afterbody appears to increase sub-
stantially the prossures measured on a sphere at stations
immediately ahead of the point of tangency.

11, Pigures 7, 8, and ¢ show pressure distributicns ia
the yav plane of the spherical mose at M = 5.4, 6.3, and
7.2, respectively. All curves drawa on these three fig-

ures are faired experimental curves.

3
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The orifice locations at serc yaw are denoted by darkened
circles. Since S' allows for an effective shift in ori-
fice location with yaw, the data for all yaw angles might
bo expected to define a single experimental curve in each
figure. This correlation of all yaw data into 2 single
curve is reasonably well achieved over approximately the
first 57 degrees (S'/r <1.000) of the sphere. At larger
angular positions, there is an additional systematic yaw
effect due, presumably, to the presence of the cone.
With€= 7.3 deg , the point of tangency on the lve-
vard meridian (@ = 180 degrees) moves rearward to a
location B4.2 degrees (8'/r = 1.470) from the stagnation
point, Por this case, the experimental pressure distri-
bution (as faired by the lower curve in Pigures 7, 8, and
9) is significantly below the zero-yaw data and; comnse-
quently, has shifted toward the sphere distribution of
Pigure &, Tha sorresaondines forward mcvemsnt o2 the
point of tangency on the wiadward meridian (¢- 0 degrees)
to a location 69.2 degrees (3'/r = 1,208) from the stag-
nation point is accompanied by a substantial increase in
the experimental pressure distribution (as faired by the
upper curve in Pigures 7, 8, and 9) above the zero-yaw
data. It is of interest that these well-deiined regions
of cone infiuence shown in Figures 7, 8, and 9 are prac-
tically identical and, therefore, independent ol Mach
number and Reynolds number within the range of test con-

ditions (paragraph 6).

12, PFigure 10 presents surface pressures in the yaw-plane
of the cone for M - 5.4, 6.3, and 7.2 at zeroc yav and
maximum (€ = 7.5 degrees) windward and leeward (¢~ 0 and
180 degrees) yaw. The symbols for the serc-yaw data have
been shaded for the sake of clarity. Newtonian (refer-
ence d) reference levels of cone »ressure are included

at M = 5,4 for the three yaw cozditions noted above,

Also included is the level of ambient pressure, p,, corres-
ponding to M = 5.4, These reference levels are given as a
convenience in orienting the measured pressures, and are
not intended as a basis for comparison with the experimental
values shown, It will be noted that, in terms of S/r,

the plot has been extended around the base corner of the
model to locate the pressures measured on the spherical
base (orifices numbers 22, 23, and 24 of Figure 1). These
pressures remained essentially constaant over the yawv angle
range of the tests. The shaded iaterval of S5/r between

the sting juncture and the base ceater shows the location
r'.d extent of the geometrical blockage of the base region

introduced by the sting.

13. Ia Figure 10, the come pressures tend generally to
decrease for increasing Mach number, with the larger

4
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decrease occurring between M = 8.4 and i = 6.3, This vari-
ation of pressure with Mach number (or Reynolds number,
paragraph 6) is appreciable with respsct to the pressure
changes on the cone that are associated with differences

in surface inclination (€and ). The spread of cone
pressure with Mach number for the three yaw conditions
develops abruptly aft of the tangency point and remains
roughly constant over most of the cone length,

14. Figure 11 gives a comparison of a portion of the pre-
seat data vith resulte given in reference (a) for a sphere-
cone model. The come-surface iaclinations (@+€) of 320.8
degrees for JUPITER and 30 degrees for the sphere-cone of
reference (a) are comparable, and theo use of the ratio,
8'/r, correlates the two sets of data in terms of rela-
tive distances from tha stasnation points on the apheri-
cal nosss. The data shov good agresment,

15. Pigures 13 and 13 show transverse pressure distri-
butions around the spherical nose of the JUPITER model
&t€e= 3.5 degrees. Additional distributions at 8/r =
1.36¢ and 7.41 (Figure 13) have bsen included to reprs-
sent pressures obtained om the cons. The data variations
showa in these figures for the various 8/r stations are
essentially linear and straight (rnolid) lines have been
faired through the data, Horisontal dash lines give the
pressure levels around the model at zero yaw as reference
values., Por the M = 6.3 and 7.2 data of Figure 13, these
faired lines are higher than those drawn for the M -~ 5.4
end 8.2 data of Figure 12 by approximately 1 perceat of
the Pitot pressure. Considered both separately and
jointly, Pigures 12 and 13 iandicate the absence of any
general Mach number effect on these distributions,

16. Figure 14 presents trangverse pressure distribu-
tions on the spherical nose at€= 7.5 degrees and M - 5.4,
6.3, and 7.2. To obtain the curves shown in this figure,
local surface inclinatiouns (¥ ') at the orifices under
combined coanditions of yaw and roll were computed from

tie geometrical relationship
cosn)' = cos € cos)+ sin€siancos P (1)

which has beea adapted from Equation (3) of reference
(e). VWith 8'/r =V ' (radisns), pressure VAlues were
takea from the experimental distributioa in the yaw
plane (Pigure 9) at N = 7.3 to afford comparison with
measurements made ia other meridian planes., The M - 5.4
data of Pigure 7 would have served equally well., Om

B
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the whole, the data of Figure 14 show reasonable agreement
with these semi-empirical curves. It iz thought that the
deviations of the data from these curves are due to experi-
mental error, since the curves involve only the assumption
that pressures are distributed symmetrically around the

stagnation point on a sphere.

17. The tabulated data for these tests are given in Tables
I through IV, and the plots discussed above are inteaded

to present the chief characteristics of these cata. This
tabulation is so arranged that the designation,® = 0 degrees,
consistently denotes data obtained with the orifices wind-
ward in the plane of yaw, so that orifices aumbers 1, 2,

3, and 4 of Figure 1 are, in efifect, reflected about the
model axis. Therefore, in using the data, all orifices

of the spherical nose may be taken to lie along the model
meridian defined by oriiices numbers 5 ilhrough 44 witih

the same angular positions, Y, given in Figure 1. The

yaw angles, € , as listed include an allcwance for inclina-
tion in the nozzle flow. Pertinent test conditions are
noted in paragraph 6. The M = 8.2 data bave been tibu-
lated in Table IV for € = 0 and 2.5 degrees only.

18. The data as tabulated are referenced to the Pitot
pressure for esach tunnel rum, i.e., for each roll position,
, at a given Mach number. It is believed that the use

(at zero yaw) of the number 5 orifice (Figure 1) on the
model to monitor the Pitot pressure in the course of each
tunnel run was not fully satisfactory and introduced some

scatter into the data.

CONCLUDING REMARKS

19. Pressure distributions were obtained on the ABMA
JUPITER nose cone at nominal Mach numbers of 5, 6, 7,
and 8 and for yaw angles ranging from 0 to 7.5 degrees.
These distributions were measured along model meridians

that were spaced 45 degrees apart.

20. The pressure distributions on the spherical nose of
this configuration do not shov any definite effect of
Mach number. This statement applies also to that region
of the sphere on which pressures are modified by the
presence of a conical afterbody. Pressurets in this
region are influenced systematically by the yaw of the
cone, but the forward extent of the region appears to
remain fixed at 87 degreez from the stagnetion point

under all conditions of yaw,

6
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21, On the cone, the decreases in pressure with increasing
Mach number are appreciable as compared with the pressure
changes due to yaw. The pressures vary only slightly with
increasing length along the aftermost portions of the cone
and are well bolow the pressures existing at the tangency
of the spherical nose with the cone. The Mach number ef-
fect on the cone pressures does not propagate forward of
the tangency point.

7
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FIG. 2 PHOTOGRAPH OF MODEL MOUNTED
IN TUNNEL
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FI6. 3 PHOTOGRAPH OF ARRANGEMENT OF
TEST INSTRUMENTATION
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FIG.4 SCHLIEREN PHOTOGRAPH OF A
JUPITER MODEL AT M=6.! AND
€=0 DEGREES
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