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table 3 Effect of particle size on the ID of amines
Average ID, msec

Particle
size, /x

453-377
377-226
226-180
180-120
120-85

Benzidine, 350 mg;
RFNA, 0.5 ml
(21.6<7oNO2)
767
580
490
477
640,3227* .

p-phenylenediamine,
300 mg;
RFNA, 1ml (8<7o NO2)

205
165
97

...
219,531a

a Value corresponding to second flame.
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Fig. 2 Effect of relative amounts of fuel and oxidizer on the ignition
delays of p-phenylenediamine [particle size, 120-807*; RFNA, 1 ml
(8% NO2); o, first flame; • , second flame].

The variation in ignition delays with the concentration of
NO2 in nitric acid is plotted in Fig. 1. It is seen that FPH and
DBPH both give least ignition delays with the pure anhydrous
acid, rather than RFNA. The ignition delays are maximum
around 12-16% NO2 concentration in the acid. Figure 1 also
shows that the oxidizer/fuel ratio for minimum ignition
delays does not change significantly with the NO2 con-
centration. The effect of particle size of the fuel on the ID of
FPH and DBPH is presented in Table 2. It appears that the
ignition delays decrease only marginally up to a certain
particle size when one goes from coarse to fine particles. The
fuel burns readily in this region, giving highly reproducible
ignition delays. The minimum delays are observed at particle
sizes of 252-212 and 125-105 /* in the cases of FPH and
DBPH, respectively. Below these particle sizes again, longer
ignition delays are observed, and the ignition of the fuel
becomes erratic. The ID values observed in this fine-particle-
size region may be divided into two distinct sets, probably
corresponding to two flames. The first flame appears but is
not permanent and extinguishes soon. The second flame,
which appears later, is steady and lasts until the fuel and/or
oxidizer is consumed. The phototransister circuit senses
sometimes the first flame and sometimes the second, and
therefore two sets of values of the ignition delays are ob-
tained.

A, similar effect was observed in the case of amine fuels,
benzidine, andp-phenylenediamine. As shown in Table 3, the
ignition delays of these systems decrease up to a certain
particle size, v.z. 150 ji, below which the ignition becomes
erratic, resulting in two flames. In the case of benzidine,
because of considerable time lag, the two flames could be
distinguished visibly by the naked eye and could be
photographed using a storage oscilloscope. In order to ob-
serve this phenomenon more carefully, we studied the ignition
behavior of finely powdered (particle size, 120-85 /*) p-
phenylenediamine/RFNA system as a function of oxidizer-to-
fuel ratio. As expected, two ID values corresponding to two

flames are obtained at each oxidizer-to-fuel ratio, as shown in
Fig. 2. It therefore arrears to be a general phenomenon for
fine powders.
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Estimate of Pressure Distribution
on Launch Vehicles

at Small Angles of Attack

M.S. Sastry*
Space Science and Technology Centre,

Trivandrum, India

Nomenclature
Cp = coefficient of pressure
CPQ = leeward side coefficient of pressure
Cpv = windward side coefficient of pressure
M = Mach number
XIL = nondimensional axial coordinate
a = angle of attack
7 = specific heat ratio
Bb = body parameter
Bv = turning angle
<t> = circumferential angle

Subscripts
A = location on the body (or afterbody) after acceleration

(or expansion) starting point
F = location on the body (or afterbody) before ac-

celeration (or expansion) starting point
oo =freestream

FRIBERG and Walchner1 predicted the hypersonic
pressure distribution on axisymmetric blunt slender cones

for any circumferential angle, using the formula

= '/2 [ (Cp0/2) **(/ + COS0) + (CPJ2) 1/>(1 -

where, for small values of (Ob ±a),

(0

(2)

The Newtonian impact values of Eq. (2) for the leeward and
windward sides were replaced by measured values in their
analysis. McBrayer2 utilized empirical correlation plots and
improved the accuracy of the tangent cone method.

In applying these formulas to the blunt nose cose and flare
of a launch vehicle, it is assumed that Cp at zero angle of
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attack is known, so that Bb as a function of XIL can be ob-
tained from Eq. (2) for a given Mach number and location by
setting a = 0°. Again reusing Eq, (2) with the desired values of
a. and the previously determined values of Ob, the leeward and
windward values Cp0>7r can be determined and substituted in
Eq. (1) to obtain the entire pressure distribution. The cur-
vature correction suggested by McBrayer2 has not been used
here. This procedure was applied to all Mach number ranges,
with satisfactory results.

For the cone-cylinder junction, the Prandtl-Meyer formula
for expanding flow is used:

)X-2/yMl

whereusually

For purposes of this paper,

= (CpA

(3)

(4)

(5)

fora = 0°.
Since MF and 6V are not known for flow with incidence, it is

assumed that X does not change significantly with incidence.
Thus X can be evaluated with the values of CpA and CpF at
a = 0°. Now, since CpF for flow with incidence is known, CpA
can be evaluated with Eq. (3).

On the cylindrical portion where the flow ceases to expand,
the pressure relaxes to the freestream value. Here, an em-
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Pressure distribution for body alone for Mach number 1.

pirical formula is used:

p previ

Cp prese

ious location \ __ / ^p previous location \

sent location ' <**& \ ^p present location 'a = 0°

Now Eqs. (1,3 and 6) can be used to determine the com-
plete pressure distribution on the surface of an axisymmetric
blunt cone-cylinder-flare combination at small angles of
incidence provided that the distribution for zero incidence is
known. Equation (3), which accounts for the flow expansion
over the cone-cylinder junction, is applied over values of XI L
corresponding to the expansion for zero incidence.

This procedure was applied to the Scout vehicle, and the
results are compared with experimental data. 3'5 in Table 1 for
the upper cone-cylinder-flare portion of the vehicle for Mach
number 2.96. The graphs in Figs. 1 and 2 show comparisons

Table 1 Cp at Mach number 2.96 (Ref. 4 for experimental)

X/L

0.024

0.035

0.045

0.055

0.065

0.076

0.091

0.101

0.112

0.122

0.132

0.153

0.173

0.184

0.194

0.204

0.215

0.235

0.256

0.276

CPa = 0°

1.7259

0.2276

0.2352

0.2164

-0.0253

-0.0290

-0.0290

-0.0253

-0.0253

-0.0234

-0.0234

-0.0219

-0.0196

-0.0177

0.0502

0.0502

0.0502

0.0502

0.0502

0.0502

Method

Exptl.
Present
Exptl.
Present
Exptl.
Present
Exptl.
Present
Exptl.
Present
Exptl.
Present
Exptl.
Present
Exptl.
Present
Exptl.
Present
Exptl.
Present
Exptl.
Present
Exptl.
Present
Exptl.
Present
Exptl.
Present
Exptl.
Present
Exptl.
Present
Exptl.
Present
Exptl.
Present
Exptl.
Present
Exptl.
Present

</> = 0°
a =4°

1.7209
1.4762
0.1547
0.1431
0.1623
0.1492
0.1433
0.1344

-0.0571
-0.0551
-0.0571
-0.0580
-0.0534
-0.0580
-0.0477
-0.0506
-0.0439
-0.0506
-0.0420
-0.0468
-0.0382
-0.0468
-0.0325
-0.0428
-0.0269
-0.0392
-0.0212
-0.0354

0.0356
0.0157
0.0356
0.0157
0.0317
0.0157
0.0280
0.0157
0.0260
0.0157
0.0260
0.0157

0 = 30°
a = 4°

1.6831
1.5085
0.1614
0.1533
0.1728
0.1596
0.1538
0.1443

-0.0537
-0.0449
-0.0537
-0.0480
-0.0498
-0.0480
-0.0443
-0.0419
-0.0423
-0.0419
-0.0386
-0.0388
-0.0347
-0.0388
-0.0310 „
-0.0355
-0.0273
-0.0325
-0.0216
-0.0293

0.0387
0.0192
0.0444
0.0192
0.0369
0.0192
0.0350
0.0192
0.0332
0.0192
0.0332
0.0192

0 = 60°
« = 4°

1.7047
1.5986
0.1873
0.1829
0.1967
0.1898
0.1836
0.1728

-0.0406
-0.0224
-0.0444
-0.0257
-0.0424
-0.0257
-0.0406
-0.0224
-0.0406
-0.0224
-0.0387
-0.0208
-0.0369
-0.0208
-0.0330
-0.0190
-0.0312
-0.0174
-0.0275
-0.0157

0.0347
0.0305
0.0347
0.0305
0.0347
0.0305
0.0347
0.0305
0.0347
0.0305
0.0347
0.0305

<A=120°
a = 4°

1.7148
1.8580
0.2668
0.2771
0.2782
0.2855
0.2592
0.2641

-0.0122
0.0004

-0.0159
0.0000

-0.0198
0.0000

-0.0198
-0.0000
-0.0198

0.0000
-0.0216

0.0000
-0.0198

0.0000
-0.0216

0.0000
-0.0216

0.0000
-0.0216

0.0000
0.0443
0.0748
0.0482
0.0748
0.0500
0.0748
0.0519
0.0748
0.0537
0.0748
0.0557
0.0748

0=150°
a = 4°

1.7149
1.9579
0.2996
0.3165
0.3090
0.3254
0.2977
0.3023
0.0082
0.0069
0.0006
0.0035

-0.0032
0.0035

-0.0032
0.0031

-0.0032
0.0031

-0.0032
0.0028

-0.0032
0.0028

-0.0032
0.0026

-0.0032
0.0024

-0.0032
0.0021
0.0683
0.0958
0.0927
0.0958
0.0739
0.0958
0.0720
0.0958
0.0739
0.0958
0.0739
0.0958

0=180°
a = 4°

1.6724
1.9951
0.3107
0.3316
0.3182
0.3407
0.3145
0.3169
0.0088
0.0112
0.0031
0.0065

-0.0045
0.0065

-0.0045
0.0057

-0.0063
0.0057

-0.0063
0.0053

-0.0063
0.0053

-0.0045
0.0048

-0.0063
0.0044

-0.0045
0.0039
0.0729
0.1042
0.0766
0.1042
0.0766
0.1042
0.0766
0.1042
0.0766
0.1042
0.0786
0.1042
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Fig. 2 Pressure distribution for body alone for Mach number 2.96.

for Mach numbers 1 and 2.96 for the entire cone-cylinder-
flare-cylinder-flare combination. In computing the results,
the experimental values for zero angle of attack are assumed
to be 100% accurate.

Table 1 indicates that the agreement is better as one moves
away from the leeward side (0 = 0°) toward the windward side
(0=180°). In addition, some errors may have resulted from
the discrepancies in the zero incidence experimental results.
For the transonic case, the discrepancy in Fig. 1 over the
second flare may be caused by reflected wall disturbances.3

Satisfactory results also were obtained for a different model
for subsonic flow.

In conclusion, it appears that the procedure described here
predicts the pressure distribution fairly well for all Mach
number ranges and small angles of attack. The results could
be improved further, especially for the nose cone part, by
improving Eqs. (1) and (2) as suggested in Refs. 1 and 2.
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