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MEASUREMENTS OF BLAST-INDUCED TRANSIENT PRESSURES AT THE 
BASE OF A CONE IN SUPERSONIC FLOW 

Prepared by: 
Frank P. Baltakis 
Gary D. Senechal 

ABSTRACT: Transient pressures, induced by a head-on blast wave, have 
been measured at the base of a nine-degree half-angle cone in a 
supersonic stream using a wind-tunnel shocktube technique. Tests 
were conducted at free-stream Mach numbers of 3, 5 and 6.5 and at 
blast wave Mach numbers of 1.5 to 3, 2 to 5 and 4 to 8 at free-stream 
Mach numbers of 3, 5 and 6.5, respectively. Within the range of this 
experiment, the shock-induced base pressure was found to increase 
approximately in proportion to the blast wave Mach number squared. 
When expressed in ratio to the free-stream static pressure, the 
induced base pressure was found to decrease, approximately, linearly 
with increasing free-stream Mach number. At the free-stream/blast 
wave Mach number conditions of 3/3, 5/5 and 6.5/8 the respective 
induced base pressure to initial free-stream static pressure ratios 
were 5, 8 and 18 . 
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INTRODUCTION 

A re-entry vehicle, passing through a blast wave, may experience 
severe transient pressures. On windward surfaces such pressures may 
be caused by blast wave vehicle-shock interactions. At the base, 
on the other hand, severe transient pressures may result from an 
implosion of the blast wave. 

Shock interaction effects on windward facing surfaces have been 
investigated analytically, numerically and experimentally. A recent 
review of such results may be found in Reference (1). The base 
region, to date, has received very little attention because the 
pressures acting on the base are normally very low initially and the 
induced transient pressures are not exp,1cted to be excessively large, 
in general. Also, this region of the bc1dy is an indication of one 
of the more difficult problem studies. In this regard, analytical 
or numerical analyses are complicated by nonuniformities of the near 
wake flow, and by the complex structure of the blast wave after it 
passes through the vehicle's shock layer. Prior to this study method, 
there has not been any analytical or experimental information which 
~ould predict blast wave induced transient pressures experienced at 
the base of a body in such an environment. 

This paper describes an experimental study of the transient 
pressures measured at the base of a nine-degree semi-angle cone body. 

, The study has been concerned with the head-on shock case only (i.e., 
the model at zero angle of attack) since at this condition the 
implosion of the blast wave is expected to be most intense. The 
wind-tunnel shocktube technique, which had been developed at the Naval 
Ordnance Laboratory (NOL) for an earlier shock-interaction program, 
was used for this investigation. 

C 

Cp 
b 

/£p 
b 

SYMBOLS 

chord length of the side strut measured parallel 
to the free-stream flow 

. p -P 
b • base-pressure coefficient, 

q 

change in base-pressure coefficient 
(see Fig. 8) 
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gage diameter 

Mach number 

free-stream Mach number prior to interaction 

shock Mach number relative to the flow 

shock Mach number at the periphery of th• 
1a1e (see n1. 11) 

number of aide struts 

■bock-induced peak prea■ure 

ambient pre■■ure 

pre■sure indicated by a 1a1e of diameter 
0-0.1 in. 

tree-■tream ■tatic pre■aure, prior to interaction 

■hock-induced overprea■ure 

aide ■trut maximum thickness 

TEST FACILITY 

WIND-TUNNEL SIIOCKTUBI APPARATUS 

Teat■ wre performed in the NOL Supersonic Tunnel No. 1 which 

i■ an open-jet, blowdown wind-tunnel facility. The tunnel operates 

on air drawn in at atmo■pheric pressure and temperature; this is 

di■chaqed into a 52-toot-diameter vacuum sphere. 

~or this particular experiment, the tunnel was modified 

whereby it•• titted with three conical nozzles, a matched 
dittu■er and a ■hocktube. 

The ahocktube (a 1.5-inch I.D. by 12-toot-long steel tube) 

•• in■talled in tbe tunnel re■ervoir aligned coaxially with the 

nozzle■ . The discharge end of this tube was positioned about tour 
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inches upstream of the main no?.zle throat. The driven section ot 
the tube was left open so that it contained air at tunnel supply 
conditions. The driver section itself was pressurized with air or 
helium. Aluminum bursting diaphragms, ranging from 0.02 to 0.07 
inch in thickness were used in the shocktube. To facilitate re­
loading of the diaphragms, a 70-degree bend over a 34-inch radius 
was made into the driver section which, as may be seen in Figure 1, 
permitted the location of the partition section outside ot the main 
tunnel. Nozzle geometry information wi l l be found in Table 1. 

FLOW CONDITIONS 

Free-stream flow conditions, to which the model was exposed 
prior to blast wave impingement, are listed in Table 1. Since the 
nozzles were conical in shape, Table 1 lists Ma~h number values tor 
the nozzle exit and the axially measured gradients in the test section. 
Thes e measurements were obtained by Pitot pressure surveys. The 
air supply pressure and temperature for all three nozzles were 14.6 
p;ia and 70°F (!5°F), respectively; however, the air dew temperature 
ranged from -25°F to -50°F. 

Shock intensity ranges at different free-stream conditions 
are also listed in Table 1. The intensities are expressed in terms 
of shock Mach number relative to the free-stream flow. 

A parameter of considerable interest was the quality of the 
flow behind the blast wave. This was investigated in an earlier 
experiment and is reported in Reference (2). The study found that 
the flow behind the blast wave is more uniform in the conical nozzles 
(provided the divergence angle was small) than it was in contoured 
nozzles. The study also showed that the flow was quite uniform at 
low blast wave intensities; but that the duration and quality of the 
flow deteriorated rapidly as the blast wave Mach number exceeded the 
value for the nozzle flow. 

MODEL CONFIGURATIONS 

The model chosen for this study was a nine-degree semi-angle 
cone having a three-inch base diameter. During tests it was supported 
in the tunnel on a thin, streamlined strut, as illustrated on 
Figures 2 and 3. 

Two additional model support configurations were also used for 
the purpose of assessing the effects of model supports. One 
configuration consisted of multiple side struts attached to the model 
as shown on Figurds 2 and 4. The other configuration was a 
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three-prong type of axial support attached to the base of the model 
as shown on Figure 5. The individual rods used in this configuration 
were 3/8 inch in diameter and were fitted around the model base or: 
a one-inch radius circle. 

INS'fRUtlENTATION 

OYrICAL SETUP 

Optical measurements made in this investigation served two 
purposes: (1) to indicate the condition of the blast wave ; and 
(2) to provide data for blast wave intensity determination. ~last 
wave intensity was determined by means of time and distance measure­
ments. For this experiment a two-spark shadowgraph system was used 
to record the wave patterns at two positions in the test section. 
The time interval measured here was obtained by means of a photo­
tube and a time interval meter (Berkeley counter with a 1/10-
microsecond count). This particular optical setup is illustrated 
nn Figure 6. 

Sparks for photographs were generated by two pairs of electrodes 
which were located along a common optical axis. The light from the 
sparks was reflected from a parabolic mirror through the test section 
onto a large (11 x 14 in.) photographic plate where the wave patterns 
were recorded. 

PRESSURE TRANSDUCERS 

The transducers used to measure the transient pressures were 
produced within the Laboratory. The design concept for these trans­
ducers was developed at the Laboratory in conjunction with an 
earlier shock-interaction study program. Reference (3) describes 
the design and performance cha: acteristics of these in some detail. 
In brief, the transducer utilizes a piezoelectric crystal supported 
on an acoustically matched slender rod. These transducers have a 
response time which is less than one microsecond; also, the pressure 
sensing element is only 0.093 inch in diameter. 

Figures 2 and 4 show transducer locationson the model. These 
elements were soft mounted in a removable base plate, and a smooth 
transition was ensured at the surface junction. 

Transducer outputs were amplified, displayed on Tektronix 535 
oscilloscopes, and recorded using Polaroid cameras. The outputs were 
uplified by means of miniature amplifiers (Model 401A, made by pcb 
Piezotronics, Inc.) which were located within the model itself. 
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Transducer calibrations were performed using a special shocktube 
havin~ a rectangular cross section. The shocktube and the calibration 
method are described in Reference (3). 

RESULTS AND DISCUSSION 

PRELIMINARY MEASUREMENTS 

Static Base-Pressure Measurements. Static base-pressure measure­
ments were made to ensure that the model support and flow divergence 
(since the nozzles were conical) did not significantly affect the 
initial base pressures. The results from these measurements are 
found on Fi rrnres 'l and 8. 

Figure 7 shows the measured values for all three nozzles :ind 
compares these with data from References (4) and (5). It is seen 
that at a frec- s tr':?am ~l ach number of 3, the measurements are approxi­
mately in agreewent with the values predicted for a cone having a 
turbulent boundary layl:!r. However, at Mach t1umbers of 5 and 6.5, 
the measurements are in agreP.ment with the values preuicted for a 
cone with a laminar boundary layer. 

Base-pressure coefficients for all three cases are slightly 
higher than those predicted in References (4) and (5). These 
differences are presumed to be caused by the model supports. To 
assess the magnitude of this latter effect, additional measurements 
were made using model support configurations Band C (see Fig. 2). 
The results from these measurements, which are shown in Fi~re 8, indi­
cate that the base-pressure coefficient increases (the base-pressure 
decreases) as the number of supports is increased. Extrapolation 
to a zero number of supports would indicate that the basic, single 
strut support (configuration A) causes an increase in the model base 
pressure of about eight percent. An equation, derived for a cone 
with multiple fins (Ref. (4)), was used as a guide for the 
extrapolation. 

Shock-Induced Pressures Under Wind-Off Conditions. A few 
preliminary shocktube test shots were made with the model located 
in the tunnel, but in a wind-off atmospheric pressure condition. 
For these preliminary tests the air density in the model base region 
was high and the character of the blast wave, as it imploded over 
the base re~ion, could be readily observed (optically). Also, the 
shock-induced pressures, for this case, were high and could be 
measured quite accurately at any point on the model's base. 
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One two-spark shadowgraph and a set of pressure-time traces 
for a typical wind-off case are shown on Figure 9. It can be seen 
there that the portion of the blast wave which is adjacent to the 
base is essentially cylindrical in shape. For such a cylindrical 
implosion, Chisnell (Ref. (6)) has developed a method which allows 
one to predict shock characteristics analytically. This theory was 
used herein to calculate the peak pressure variation along the radius 

of the model base for comparing with the experimental measurements. 
It may be seen, from Figure 10, that the measured and computed 
variations between stations 2 and 3 are in very good agreement. 

At the center of the base, theoretically, the peak pressure 
should approach infinity. The measured value, because of the finite 
size of the pressure transducer, necessarily represents a certain 
average pre ■ aure. The degree to which the size of the transducer 
influences the measurement at the center has been checked analyti­
cally and is illustrated on Figure 11. It is seen that the measured 
pressure depends on the intensity of the imploding wave as well as 
it depends on the diameter of the gage. A reduction, for example, 
in the diameter of the present ga~e by a factor of three would 
increase the measured value by about 35 percent. 

Model Support Effects on Base Overpressure~- . Effects of the 
model support on shock-induced overpressures were difficult to 
determine precisely, either analytically or experimentally. The 
method which was finally adopted here was based on a comparison of 
measurements talcen with different strut configurations. The configu­
rations which were used included the basic single strut alone, and 

the same basic strut with one and two dummy struts added, as shown 
on Figure 2. 

The comparison noted above was made at a free-stream Mach 
number of 5, and at blast wave Mach numbers ranging from about 2.5 

to 4. 

The results, which are summarized on Figure 12, show that the 
peak overpressure (,neasured at the center of the base) decreases as the 

number of struts is increased. The curve-fitted values a~ a blast 
wave Mach number of 3.5 are shown replotted on Figure 13. An 
extrapolation of this curve indicates that the overpressures for a 
model free of side supports would be about 33 percent larger than 
those for a model supported by the basic single side strut alone. 

6 



• 

.J 

NOLTR 69-151 

Another method of model support consisted of three 3/16-inch-
dl.ameter rods attached to the model base as shown on Figure 5. Thia 
scheme was also tried during the investigation but was abandoned 
since the measured peak overpressures were considerably larger and 
resulted in data containing more scatter than those for the simpler 
side support. Shadowgraphs taken at wind-off conditions showed that 
strong reflections of the imploding wave were produced by these rods • 

SHOCK-INTERACTION PRESSURE DATA 

Pressure-Time Traces. Figure 14 is composed of several Polaroid 
pictures of the pressure-time traces made at c.liff erent flow conditions. 
These traces are typical and are included here to illustrate the 
nature of the raw data acquired during this study. 

It may be seen that for a free-stream tiach number of 3 (Fig. 14-A) 
the signal trace deflections are large and the pressure magnitudes 
are reacl~ble, quantitatively, at nll three stations. However, at 
larger fr .... e-stream Mach number, because of the lower initial base 
pressures, the trace deflections at stations 2 and 3 are quite small. 
Data at these stations were used for qualitative analysis only. 

On Figures 15-A through 15-E, the pressure-time variations are 
plotted to the same scale for all three model stations. The zero 
time in these graphs correspondo to the arrival time of the shock 
at station 3 (see Fig. 2); and the zero pressure corresponds to the 
measured base pressure prior to the interaction. Figure 15-A, for 
exM1ple, shows that at a free-stream Mach number of 3.1 and a blast 
wave Mach number of 1. 5 the imploding shoclt at st at ion 3 induces an 
overpressure of about 0.04 psi • . About 16 microseconds later the 
shock reaches station 2 where it induces an overpressure of about 
0.06 psi. After about 20 additional microseconds, the shock implodes 
and is reflected at the bnse center inducing an overpressure of 
approximately 0.34 psi. The reflected shock subsequently passes 
stations 2 and 3 at about 12 and 25 microseconds later, respectively. 

Figure 15-B shows a pressure-time history at the same free­
stream Mach number, but at an increased blast wave Mach number 
(M - 2.3G). The pattern here is similar to that noted earlier, 
bu! the pressure magnitudes are considerably larger. In a like 
manner, Figures 15-C, D and E illustrate pressure-time histories made 
at free-strean1 Mach numbe19of 5 and 6.5. (At a Mach number of 6.5 
only station 1 is included since at stations 2 and 3 the pressures 
were too low for reproduction to any reasonable degree of accuracy.) 

7 
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Peak Overpressures. Tue measured peak pressure data are 
summarized in Table 2. Thet·e measured values are listed as over­
pressures, and are presented i n ratio to the preblast free-strea111 
static pressure. For purposes of discussion and illustration, these 
data are also presented graphically on Figures 16 through 19. 

Figure 16 shows the variation in measured overpressures versus 
blast wave intensity. In addition, the experimental points are shown 
reproduced on several second-degree polynomial curves. These curves 
are included primarily to illustrate the data trend. The constants 
for these polynomials were determined by means of a least squares 
fit, applied to the experimental data; the overall ser.ond-order 
characteristic was assumed. It can be seen from the Wigure that 
within the range of this experiment the base overpressure& increase 
(approximately) in proportion to the blast wave Mach number squared. 

Precise correlation of these data, with empirical relations, was 
not possible herein because of the considerable scatter for the 
results. Some of this scatter has resulted from imperfections in 
shock-intensity measurements. Most of the scatter, however, was 
estimated to be the consequence of irregularities in the blast wave 
and the resulting eccentricities of the imploding wave. To sub­
stantiate this conjecture, data acquired at a free-stream Mach number 
of 3 were integrated to obtain momentum values which were induced by 
the collapsing shock. Figure 17 shows such data for transducer 
stations 1 and 2 (at the base center and at 1/4-inch away from the 
center, respectively). It can be seen that the scatter here is rather 
small. This is particularly true when one notes that Figure 17 
includes a number of runs which, because of the large eccentricities 
which are apparent from the pressure traces, were not included in 
Figure 16. The fact that eccentricities do not significantly affect 
the induced momentum values can be demonstrated from Figure 17 by 
noting the small difference between the momentum values at stations 
1 and 2. 

Figure 18 shows the shock-induced base pressures as multiples 
of the preblast free-streaJD static pressure. Here, again, the 
overall trends are indicated by the second-degree polynomials obtained 
in the manner described earlier. 

To indicate the influence of free-stream Mach number, data 
from Figure 18 have been replotted on Figure 19. Here, it is seen 
that the ratio of induced to free-stream static pressure diminishes 
with increasing free-stream Mach number. These empirical curves 
(shown) indicate that the variation is approximately inversely 
proportional to the free-stream Mach number. 

8 
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SHADOWGRAPBS 

Figure 20 shows a number of typical shadowgraph photographs. 
The tip of the model is not visible here since it is inside ot the 
conical nozzle. The direction of flow in the tunnel (and of the 
blast wave) is from right to left on the photograph. The reason that 
the blast wave appears in two places is that the photograph was made 
using the two-spark system • 

Unfortunately, the density in the cone's base region was very 
low and the shadowgraphs did not show the interactions in detail. 
The shadowgraphs, nevertheless, do show the condition of the blast 
wave; the effects of the interaction with the model bow wave and the 
boundary layer; and, the conditions for the flow field behind the 
blast wave. For example, at low blast wave intensities (Figs. 20-A 
and 20-G) the interactions with the model bow wave, and the boundary 
layer, is weak; the blast wave in the vicinity of the bow wave and 
the boundary layer remains essentially undisturbed. At high inten­
sities (Figs. 20-N, 20-0 and 20-P) the blast wave near the model's 
surface becomes bifurcated. As pointed out earlier, an increased 
scatter in the pressure data can be attributed primarily to the 
effects of this interaction. 

CONCLUSIONS 

Transient pressures induced by a head-on blast wave have been 
measured at the base of a nine-degree semi-angle cone at free-stream 
Mach numbers of 3, 5 and 6.5. Values of blast wave Mach number 
ranged from 1.5 to 3, 2 to 5, and 4 to Oat the free-stream Mach 
numbers of 3, 5 and G.5, respectively. 

The model was supported in the tunnel test section by means of 
a thin side strut. Pressure measurements indicated that the side 
strut had caused an increase in the initial, preblast base pressure 
by about 10 percent, and had reduced the shock-induced transient 
pressure by about 30 percent. 

Peak pressure data obtained during this investigation actually 
represent average pressures acting over a 0.093-inch-diameter circle 
(the transducer face area) on the model base. A theoretical estimate 
of this variation of pressure with the diameter is included herein. 

The transient pressure data contain a considerable degree of 
scatter. This scatter can be attributed, primarily, to eccentricities 
of the imploding blast wave. 
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Within the range of this experiment, the shock-induced pressures 
were found to increase approximately in proportion to the blast wave 
Mach number squared. When the pressures are given in ratio to the 
tree-atrea■ static pressure, the induced pressures were found to 
decrease in an approximate linear fashion with increasing tree-stream 
Mach number. 

At the free-stream/blast wave Mach number conditions of 3/3, 
5/5 and 6.5/8 the corresponding induced base to initial free-stream 
pressure ratios were 5, 8 and 18, respectively. 
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Table 2 

SROCJt-IIO>UCBD TRANSIDT PRBSSURBS AT TBB 
CBNTBR OF A MIKB-DBGRBB CONE 

• g p /P Run Ill II • p - • 2•1 
2.84 1.64 4.90 710 5.07 3.80 
2.96 2.01 5.95 711 3.55 
2.84 1.73 5.18 712 4.14 
1.58 0.54 1. 76 713 2.04 
1.63 0.43 1.43 11, 4.13 
1.63 0.47 1.54 715 3.88 
2.36 1.23 3.87 7US 3.85 
1.49 o.35 1.23 717 3.40 
2.91 1.45 4.51 
2.91 1.52 4.73 

3.52 .094 4.11 574 1.5 7.87 
4.04 .120 5.16 576 7.18 
4.04 .115 4.95 577 7.56 
2.25 .048 2.38 579 7.20 
2.37 .052 2.55 580 7.48 
2.37 .053 2.59 582 1.16 
1.90 .033 1.77 584 4.44 
4.21 .100 4.41 585 5.98 
3,25 .074 3.42 587 -i, 4.31 
3.11 .091 4.09 
3.30 .072 3.33 
3.52 .090 4.03 
3.08 .068 3.18 
3.14 .101 4.47 
3.12 .087 3.90 
5.13 .132 5.71 
5.17 .129 5.57 
5.03 .137 5.90 
5.00 .128 5.55 
3.65 .082 3.70 
3.15 .090 4.04 
3.93 .099 4.41 

12 

• 
~ p /P 
2•1 

p • 
.135 5.91 
.111 4.90 
.136 5.94 
.040 1.96 
.135 5.91 
.118 5.18 
.131 5.75 
.100 4.47 

.106 19.I 

.056 10.5 

.064 12.1 

.052 9.94 

.058 10.9 

.062 11.8 

.0"4 8.39 

.069 12.9 

.038 7.42 
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FIG. 4 PHOTOGRAPH OF A MODEL WITH SIMULATED MULTIPLE SIDE STRUTS
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