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Abstract

This report describes the 19-foot diameter blast tunnel at Sandia National Laboratories. The blast
tunnel configuration consists of a 6 foot diameter by 200 foot long shock tube, a 6 foot diameter
to 19 foot diameter conical expansion section that is 40 feet long, and a 19 foot diameter test
section that is 65 feet long. Therefore, the total blast tunnel length is 305 feet.

The development of this 19-foot diameter blast tunnel is presented. The small scale research test
results using 4 inch by 8 inch diameter and 2 foot by 6 foot diameter shock tube facilities are
included.

Analytically predicted parameters are compared to experimentally measured blast tunnel
parameters in this report. The blast tunnel parameters include distance, time, static, overpressure,
stagnation pressure, dynamic pressure, reflected pressure, shock Mach number, flow Mach
number, shock velocity, flow velocity, impulse, flow duration, etc. Shadowgraphs of the shock
wave are included for the three different size blast tunnels.
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Nineteen-Foot Diameter Explosively Driven Blast Simulator

1.0 Introduction

This report describes the development of a 19-foot-diameter test section for Sandia National
Laboratories’ (SNL) explosively driven 6-foot-diameter by 200-foot-long shock tube or blast
simulator.

SNL has been involved in evaluating the ability of nuclear weapons components and systems to
withstand blast-loading environments for a long time. The 6-foot diameter by 200-foot long
blast tube has been used to blast test Re-entry Vehicle (RV) type weapons by simulating the blast
environment encountered when the RV flies through the blast environment generated by the
detonation of another RV in the vicinity.

Current interest in the blast testing of the W76-1/MK-4 system has required that available
explosively driven shock tube facilities be evaluated to conduct this program. Sandia National
Laboratories (SNL) explosively driven shock tube facilities were last used on the W88/MK-5
blast program in about 1986. Therefore, SNL must make a decision whether to re-start or
refurbish the shock tube facilities here or to conduct the W76-1/MK-4 blast program at an
outside facility if a qualified site is found. As part of the evaluation of shock tube facilities and
to help in the decision making, this report is one of several documenting SNL shock tube
facilities and their performance parameters.

A number of explosively driven blast simulators of up to 6 feet in diameter have been used '™ .
A requirement to blast test the Sprint Anti-Ballistic Missile second stage, which was 16 feet
long, led to the development of a 19-foot-diameter blast simulator. The 19-foot diameter was
believed to be sufficient to blast test the Sprint missile at a 70 degree angle of attack relative to
the blast tunnel axis. At the time, a totally new blast simulator with a constant diameter of 19
feet was not economically acceptable. Also, operational costs associated with such simulator
would be much greater. Therefore, a research study was started to investigate the possibility of
expanding the blast wave from the existing 6- foot simulator into a 19—foot—diameter test
section.

A number of requirements had to be established to demonstrate feasibility prior to construction.
Most important was generation of sufficient static overpressure input to the expansion or
divergent section to provide the test levels required in the 19—foot—diameter test section. Further
consideration had to be given to the effects of expansion upon the shock/blast front and the
pressure profile of the blast wave in the test section.

The 6-foot simulator is a steel tube or tunnel 200 feet long as shown in the figures in Appendix
G. The first 50 feet of this simulator is the driver section having a 3—inch thick wall. Itis
capable of containing the energy of up to 370 pounds of PETN primacord at a maximum
explosive loading density of 7.4 pounds per foot. Primacord strands which are evenly
distributed over the driver cross section (Figure G2 in Appendix G), parallel to the driver axis,
providing a planar detonation front driving into the test gas in the remaining portion (150 feet)



of the simulator. The driver end of the simulator is closed with an 18-inch thick, plywood,
cylindrical, blowout plug which is backed by a concrete tamping mass (30,000 pounds) that takes
the resultant reaction. The plywood plug thickness and tamping mass are selected to prevent
driver end pre-mature venting until test conditions have been produced at the test section.

A wide range of conditions have been achieved in this simulator using various explosive charge
weights, initial test gas pressures, and test gases.” Maximum blast parameters achieved at the
200-foot test station using air as the test gas are:

Shock velocity*: 8850 ft/sec
Flow Mach number*: 1.79

Static pressure**: 200psia
Stagnation pressure®*: 590 psia

* . Initial test gas pressure: 0.5 psia
** _ Initial test gas pressure: 12.1 psia (ambient)

The effects of the divergent section upon the blast wave are discussed. An expression was
derived to predict the outlet shock parameters for various area ratios across the divergent section.
An experimental program was conducted in smaller shock tubes to verify the design prior to
constructing the full-scale facility. Pressure-time data and shock time—of—arrival data were
measured to obtain the experimental blast wave parameters. Shock— front shadowgraphs were
obtained to verify shock front planarity.

2.0 Primary Shock — Wave Diffraction and Flow Processes Through
a Divergent Cross-Section

It has been theorized and verified experimentally that when the inlet condition to a divergent
cross section is such that the flow behind the primary shock wave (S,) is supersonic, a secondary,
rearward-facing shock wave (S,) is generated >'°. Supersonic flow conditions exist when the
shock Mach number is greater than 2.068 in air. Figure 1 shows the resultant wave system after
passing through the divergent section.

As the primary shock enters the divergent section, it is decelerated due to the decrease in energy
density behind it as a result of the increasing volume. However, the fluid particles, which were
set into motion by the primary shock before it reached the divergent section, are accelerated by
expansion waves as they flow into the divergent section. Therefore, a secondary shock of finite
amplitude is generated between this accelerated flow region and the decelerated region behind
the primary shock. The pressure discontinuity across this secondary shock is such that this shock
tends to propagate into the flow; however, it is swept out of the divergent section when the flow
velocity in region (2) is greater than the secondary shock velocity. It is possible for this shock to
grow sufficient in strength to remain standing in the divergent section. The test conditions
considered in this report were such that the secondary shock was always swept through the
divergent section. This secondary shock tends to attenuate much faster than the primary shock
and, at some point beyond the divergent section, the blast wave again has an exponential decay.
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In addition to creating a secondary shock, the divergent section may also cause a temporary
curvature in the primary shock front. The point at which the secondary shock and-the curvature

in the primary shock are no longer a factor was established experimentally and will be discussed
later.
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Figure 1. Shock Wave System in a Shock Tube with a Divergent Cross-Section

The x-t diagram in Figure 1 depicts the passage of a shock wave system through a divergent
section showing the development of the secondary shock. The sketch at the top of Figure 1
shows the five states that exist at some time, tg , when the system has propagated beyond the
divergent section.

State O is the initial test gas conditions. State 1 is the condition behind the primary shock and
prior to entry into the divergent section. State 3 is the condition behind the primary shock in the
gas that was originally downstream of the divergent section inlet. State 3’ is the condition of the
gas that was originally in the smaller diameter section and has been accelerated by the divergent
section and then passed through the secondary shock, S». The contact surface Cj separates States
3 and 3’ since there is a difference in temperature or entropy in these two regions as illustrated
by Figure 2. '

Figure 2 also indicates the variations in several other blast wave parameters along a shock tube
with divergent cross section, and illustrates the fact that the static pressure and flow velocity in
States 3 and 3’ are the same. State 2 is the condition of the accelerated region between the
divergent section inlet and the secondary shock.
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Figure 2. Blast Wave Parameters Along a Shock Tube with a Divergent Cross-Section

3.0 Calculation of Blast Parameters Across a Divergent Section

Shock time— of — arrival (used to calculate shock velocity or Mach number) and pressures are the
easiest blast parameters to measure. Therefore, it was desirable to obtain an expression for the
test-section shock velocity or Mach number as a function of the divergent section inlet blast
parameters, specific heat ratio (y), and area ratio. The test — section shock velocity (controls
Sprint engulfment time) and pressures (control aerodynamic loading) are the most important
blast parameters in simulating portions of an actual Sprint blast encounter in the blast tunnel. The
equations were not derived for any specific test gas and are in terms of an arbitrary y which was
assumed constant for a given test gas. Using the steady isentropic expansion equations and the
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Rankine-Hugoniot relations across the shock waves, the desired expression for the primary
transmitted shocklzl\l/lﬁach number is derived in Appendix A and the solution by the Newton
iteration method """ is shown below. Shock Mach number was chosen rather than shock

velocity in order to work with a non-dimensionalized blast parameter which is independent of
test gas temperature.

2
(I—A)Z—A{B—lﬂ 2}
U 2

n+l n * * 2 (1)
—4M P,(1-A) 2M P
O( )_ O[B_y-l-le __2£lg 1+ 1*2 B—y+1M2
P, P, 2 a, M 2
where
m =
Ay
a=Y1h[ 2 yn By )
Yy I 7_1 Po
B=a_°(M*_ 1*] 3)
a, M
Y
2 -1 DM +2 |
P, =F, Y Mszl_}/ =D ]2 4
y+1 y+1| (y-DM, +2
_ _ _ 2 1/2
a, =_2_a0__ [W;_L_l.}[_y_lM;.,_ljl _(_7_1)_M_12_'f_2_ (5)
(y+hHM 2 2 (y-HM, +2

M; is given by equation (A-6) in Appendix A. Once the solution of Equation (1) for M* is
obtained, the equations of the complete wave system parameters of the nozzle can be solved.
Appendix B shows the equations necessary for the complete system parameters.

A Fortran computer program called "DIVNOZ" was written for the equations of Appendices A
and B and the DIVNOZ code is included in Appendix C. Appendix D includes tables generated
by DIVNOZ which list blast parameters across a divergent nozzle for a specific heat ratio (y ) of
1.4 and area ratios between 1.0 and 15.

Figure 3 shows the variation of the shock parameters for an isentropic expansion of a shock wave
through a divergent section. This figure is for a nozzle inlet shock Mach number (My) of 3.6. In
Figure 3, the curve labeled M* is the shock Mach number of the primary incident shock after it is
transmitted through the divergent section or nozzle. The equations in Appendices A and B were
used to obtain the curves in Figure 3. Figure 3 was useful in determining whether desired test-
section conditions were possible, given the inlet conditions and the area ratio. This figure

13



illustrates the fact that, as the area ratio increases, the shock strength, P3/P5, of the secondary
shock wave, S,, increases. The curves of interest for this study were those for P3/Py and M*,
since they concern the primary transmitted shock, S;.

Figure 3 also suggests that the optimum condition would be to obtain the desired enlarged test
section while minimizing the area ratio across the divergent section. The reasoning here is that
the energy density driving the primary shock wave into the divergent section is reduced as the
shock wave propagates into an increasing volume. The aerodynamic structure to be tested is long
and slender, suggesting that an elliptical test section would meet both the minimum area ratio
and size requirements. However, the expensive, complex techniques for constructing a test
section with an elliptical cross— sectional area are undesirable. Therefore, it was decided to
investigate cylindrical and rectangular test sections.
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Figure 3. Isentropic Expansion of a Blast Wave in a Divergent Shock Tube
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4.0 Blast Facilities

The 4—inch—diameter by 15-foot-long and the 2-foot diameter by 200-foot-long shock tube
facilities were modified so that this preliminary study could be performed. Shock tube
measurements in all tests included static and stagnation pressures throughout the shock tunnel,
shock velocity measurements, and shock photograph (shadowgraphs) at two locations after the
divergent section (nozzle).

4.1  4-Inch Shock Tube Studies

The 4-Inch—diameter shock tube shown in Figure 4 was modified by the addition of a nozzle and
test section for these studies. Concentrated Composition C-4, explosive charges were used to
generate the blast parameters entering the nozzle expansion. The nozzles (divergent sections)
considered here were 16 inches long, which results in an expansion angle of 7.23 degrees.

Figure 4. Four Inch Diameter by 15 Foot Long Explosively driven Shock Tube

15



4.1.1 Conical Nozzle Expansion
The test configuration used for this portion of the study is shown in Figure 5, and the range of the
test parameters covered in the test series is presented in Table 1. The two test gasses considered
in this portion of the study were air and helium. The nozzle exit to nozzle inlet area was 4 for this
test configuration.

Figure 5. Shock Tube Test Configuration for the Conical Nozzle
Results for the Conical Nozzle Expansion — Figure 6 shows a shadowgraph of the shock wave

taken at the nozzle exit. The test gas was air at 12.1 psia (ambient), and the shock velocity at the
nozzle exit was 3100 feet per second. The shock wave is planar and is typically of all
shadowgraphs taken at this location for the test series of Table 1.

Table 1. Range of Test Parameters for Conicial Expansion Test Series

Test | Initial Test | Explosive Nozzle Inlet Nozzle Exit Nozzle Nozzle
Gas Gas Weight Shock Velocity | Shock Velocity | Inlet Static | Exit Static
Pressure (PETN) (Ibs) (fps) (fps) Pressure Pressure
(psia) (psia) (psia)
Air 1<=Pg<=12.1 | 0.02<=W<=0.16 | 2000<=V;<=11000 | 1500<=V.<=9100 | 50<=P<=475 | 25<=P.<=225
Helium | 1<=Pg<=12.1 | 0.04<=W<=0.08 | 8500<=V;<=15500 | 7000<=V.<=12000 | 30<=P<=190 | 15<=P.<=80

16
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Figure 6. Shadowgraph of the Shock Wave at the-Conical Nozzle Exit

It was convenient to display the nozzle inlet and exit data in terms of Mach numbers and shock
strength since these dimensionless parameters are easily obtained from the measured velocity
and pressure data.

Figure 7 shows the nozzle exit shock Mach number, M*, as a function of the nozzle inlet shock
Mach number , Mg, for both helium and air at various initial test gas pressures in the range 1.0 <
Py < 12.1 psia. The experimental measurements shown on this figure are in good agreement with
the theoretical values calculated from ideal gas theory for an isentropic expansion through the
nozzle, Equation (1). This figure also indicates that, for a conical nozzle with an area ratio of 4,
the exit shock Mach number is 75 percent of the inlet shock Mach number.

Figure 8 shows the nozzle inlet shock strength, P1/Po, required for the nozzle exit shock strength,
P3/Py. Here again, the experimentally measured data are in fair agreement with the ideal gas
theory calculations. This figure indicates that the nozzle exit shock strength is about 50 percent
of the nozzle inlet shock strength for an area ratio of 4.

4.1.2 Cylindrical to Rectangular Nozzle Expansion

Figures 3 and 9 show the effects of reducing the area across an expansion section. The Rankine—
Hugoniot equations for the primary incident shock wave and for the upstream facing, nozzle—
generated shock waves were used to determine the nozzle exit conditions for various area ratios
in Figure 9.
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The Figure 9 data are for an inlet shock Mach number, Mg, of 4.09. This figure illustrates that
the static pressure and flow velocity in states 3 and 3’ increases. This is shown by the
intersection of the Rankine—Hugoniot curves for the primary shock wave, S, and the secondary
upstream—facing secondary shock wave, S,. This figure also shows that the static pressure, P,
indicated by a, +, decreases as the area ratio increases. The flow velocity in state 2,
corresponding to P», increases as the static pressure decreases and the area ratio increases.
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Figure 9. Rankine-Hugoniot Curves for the Primary Incident Shock Wave and Secondary
Upstream-Facing Shock Wave

In an effort to study the effect of reducing the area ratio while still maintaining the magnitude of
the major dimension, 8 inches, the 4—inch shock tube of Figure 4 was modified by the addition of
a cylindrical to rectangular expansion transition section plus a 4-by 8~inch rectangular test
section as shown in Figure 10. The area ratio across the expansion transition was 2.55 for this

test configuration.

Results for the Cylindrical to Rectangular Divergent Section — Figure 11 shows the planarity of
the shock wave at a distance of 8 inches after the nozzle exit. This figure displays the curvature
of the shock front due to the area expansion. Figure 12 shows the shock wave of Figure 11 at a
distance of 29.3 inches after the nozzle exit. This shadowgraph shows the shock wave becomes
as a plane shock front at this distance.

Figure 13 shows the nozzle inlet shock Mach number, Mg, required for a certain exit shock
Mach number, M*, for both the conical nozzle transition and the cylindrical to rectangular
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transition. The effect of reducing the area ratio is illustrated by Figure 13, and an increase in the
measured exit shock Mach number is about 10 percent, due to an area ratio reduction of 4 10
2.55.

Figure 10. Shock Tube Test Configuration for the Cylindrical to Rectangular Nozzle
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Figure 11. Shadowgraph of the Shock Wave 8" After the Nozzle Exit
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Figure 12. Shadowgraph of the Shock Wave 29.3" After Nozzle Exit
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Figure 13. Nozzle Exit Primary Transmitted Shock Mach Number as a Function of Nozzle
Inlet Shock Mach Number

4.1.3 Discontinuous Expansion from a Cylindrical Tube to a Rectangular Test
Section . _
Figure 14 shows the modification made to the 4—inch shock tube facility of Figure 4 to obtain a
discontinuous expansion transition. The purpose here was to investigate the planarity of the
shock wave after the discontinuous expansion and to look at the possibility of eliminating the
transition or expansion section. The blast — wave parameters beyond the divergent section were
also of interest. The length of the 4—inch—diameter tube is 16 inches longer for the discontinuous

area transition tests in order to keep the nozzle exit station the same for three configurations
considered.

Results for the Discontinuous Expansion from a Cylindrical Tube to a Regular Test Section ~
Figure 15 shows the curvature of the shock wave due to a discontinuous expansion at 2.3 inches

after the area discontinuity. Figure 16 shows this same shock wave at 17.1 inches after the area
discontinuity.

22



Figure 15. Shadowgraph of Shock Wave 2.3"
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The curvature of the shock wave in Figure 16 is still evident. Also, a reflected shock wave from
the shock tube walls has been observed in some of the finer shadowgraphs. Figure 17 illustrates
the inlet shock Mach number, Mg, necessary to obtain a certain exit shock Mach number, M*,
for the discontinuous area expansion and for the cylindrical to rectangular area transition. The
exit shock Mach number for the cylindrical to rectangular transition was about 6 percent higher
at a given inlet shock Mach number than for the discontinuous area transition. This difference is
attributed to the loss of energy due to flow separation and turbulence at the discontinuous area
transition. Table 2 shows the comparison of measured performances for the three different area
transitions. All tests were conducted at ambient (12.1 psia) initial test gas pressure with air as the
test gas. Two explosive weights were used for each of the three test configurations.

Figure 16. Shadowgraph of Shock Wave 17.7" after Discontinuous Area Expansion
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Table 2. Shock Parameters for a Conical Nozzle, a Cylindrical to Rectangular Transition

Nozzle, & a discontinuous (no nozzle) Transition

Type Nozzle | Explosive | Initial Exitto | Nozzle | Nozzle | Nozzle Nozzle
Weight Test Gas Inlet Inlet Exit Inlet Exit
(1b) Pressure Area Shock Chock Static Static
(psia) Ratio | Velocity | Velocity | Pressure | Pressure
(fps) (fps) (psia) (psia)
Conical 0.04 12.1 4 4450 3060 205 105
(8" exit dia.)
Conical 0.12 12.1 4 6000 4200 410 180
(8” exit dia.)
Rectangular 0.04 12.1 2.55 4425 3950 220 125
(4x8” exit area)
Rectangular 0.12 12.1 2.55 6100 5400 470 245
(4x8” exit area)
No nozzle 0.04 12.1 2.55 4100 3400 200 90
(4x8” exit area)
No nozzle 0.12 12.1 2.55 6000 5000 400 190
(4x8” exit area)
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4.2 2 - Foot - Diameter to 6 — Foot- Diameter Conical nozzle Shock Tunnel

A 2—foot-diameter ( actually 1.89 feet inside diameter) to a 6-foot— diameter conical nozzle 12
feet long was constructed to couple 63 feet of an existing 2-foot-diameter shock tube to a 23—
foot-long section of a 6—foot— diameter shock tube. The resultant shock tunnel is shown in
Figure 18. The area ratio across the nozzle for this test facility is 10. This was a 0.315 scale
model of the full-scale shock or blast tunnel to be discussed later. Table 3 lists the test series
that was conducted in this facility along with some blast-wave parameters in the shock-tunnel
test section 3.67 diameters beyond the nozzle exit. All tests conducted in this shock tunnel were
with air as the test gas and initial-test-gas pressures in the range 1.0 <Py < 12.1 psia ( see
Reference 4). The explosive primacord (PETN) charge weight used to drive the facility was held
constant at 10 pounds. The reason for choosing 10 pounds is that it scales (Cube Root Scaling,
Scale factor = 3.15) to 320 pounds, the reasonably safe charge weight for the existing 6-foot-
diameter shock tube driver. The inlet blast pressures to the nozzle were varied by varying the
initial test-gas pressure.

2 FT. TO 6 FT. DIAMETER
—CONICAL NOZZLE

bl S o T DIAM
‘ CORIVER

& FT. DIAMETER™ o -
TEST SECTION L |

OING

ERIIGACORD LOA
SUPPORT FRAME

Figure 18. Shock Tube Test Configuration with a 2’ Diameter to a 6’ Diameter Nozzle
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Table 3. Test Section Blast Wave Parameters Calculated from Measured Shock Velocities
Using Ideal Gas Relations

EVENT | P, o Vs Co M, M; P, q
No. (psia) | (degrees) | (fps) (fps) (psia) | (psia)

69-168 12.1 70 2200 1172 1.9 0.9 59.2 329
69-12 12.1 30 2350 1117 2.1 1.0 60.2 e
69-25 12.1 50 2270 1097 2.1 1.0 60.0 43.2
69-35 12.1 70 2401 1119 2.2 1.0 61 45.3
69-159 6.0 30 3125 1136 2.8 1.3 52 60.1
69-49 6.0 70 3140 1129 2.8 1.3 53:1 62.2
69-102 1.0 30 4200 1134 3.7 1.5 15.8 23.2
69-184 1.0 70 4100 1139 3.6 1.5 15.0 23.2

4.2.1 Results in the 2-Foot Shock Tunnel
Figure 19 is a shadowgraph of the shock wave at the exit of the conical nozzle. Figure 20is a
shadowgraph of the same shock wave 20 feet (3.33 diameters) downstream of the nozzle exit.
The planarity of the shock wave is good in both shadowgraphs. Therefore, a conical nozzle with

an area ratio of 10 and a half-angle of 9.7 degrees is satisfactory from a shock planarity

standpoint.

FI. DIA.

Figure 19. Shadowgraph of the Shock Wave at the Nozzle Exit
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Figure 20. Shadowgraph of the Shock Wave 3.33 Diameters After the Nozzle Exit

In order to investigate the blast-wave profile downstream of the nozzle, four stagnation pressure
transducers were mounted at the same shock-tube station and 90 degrees apart around the tube
circumference. Figures 21 and 22 show the pressure-time histories from these four pressure
transducers for initial test-gas pressures of 6.0 and 12.1 (ambient) psia, respectively.

|—~ 1.0 s —-‘ -~— — PT-D
134.8 PSIG
PT-C
145 PSIG
~ __ FROM DRIVER END 6.0 PSIA —=
Pr-A
~— PT-B
Fr-o rre 130 PSIG
o~ PT-C
—

6.0 PSIA —

-— PT-A
M/ 140 PSIG

6.0 PSIA— ~——

Figure 21. Stagnation Pressure Profiles from Four Transducers at 2.3 Diameter
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Figure 22. Stagnation Pressure Profiles 2.17 Diameters After the 2’ Diameter to 6’
Diameter Nozzle

The four transducers were located 1 foot upstream of the shock tube station where the
shadowgraph of Figure 20 was taken. They were mounted 10 inches from the shock tube wall.
Previous work and the fact that the calculated stagnation pressure agrees closely with the
measured stagnation pressure indicate that these measurements were well beyond the wall
boundary layer region. These measurements indicate that the pressure profiles and amplitudes
are comparable, indicating that the flow behind the shock wave is uniform. Figure 23 shows the
nozzle exit shock Mach number, M*, as function of nozzle inlet shock Mach number, My, .
Figure 24 shows the nozzle inlet shock strength, P;/Py, required for a nozzle exit shock strength,

P3/Pg .
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Figure 25 shows a static pressure measurement at the nozzle inlet. Figure 26 shows the static
pressure measurement at the nozzle exit for a test with the same initial test-gas conditions as
Event 69-35 (Table 2). The presence of the secondary shock wave is illustrated in this figure.
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Figure 25. Static Pressure Profile at Nozzle Inlet (2 to 6’ Dian:eter Nozzle)
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Figure 27 shows the measured test-section static and stagnation pressure profiles. This figure
shows that the secondary shock wave is not present and the static pressure profile is again that of
a typical blast wave, an exponential decay behind the shock wave. Figure 28 shows a
comparison between the measured shock Mach number results for area ratios of 2.55, 4.0, and 10
at the two shock tube facilities.
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Figure 27. Static and Stagnation Pressure Profiles in the Test Section 3.67 Diameters after
the Nozzle
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4.2.2 Conclusions from the 2-Foot to 6-Foot Shock Tunnel
It was concluded that, in order to obtain a planar shock wave with a uniformly decaying flow

behind it, the test section for the proposed full-scale facility must be at least three nozzle exit
diameters downstream of the nozzle.

4.3 6-Foot-Diameter to 19-Foot-Diameter Shock Tunnel

The test section for the 6-foot-diameter shock tube was designed from the requirements to blast-
test the Sprint missile second stage and from the results obtained in the scaled shock/blast
tunnels. Scaling parameters for the 2-foot and 6-foot-diameter shock tunnels have been derived
from the Cube Root Scaling Laws as documented in Reference 1. This reference shows that the

explosive driver weights, times, and distances are scaled as follows:

We=32W,
Te=3.17T;
Xe=3.17X;

The 19-foot-diameter blast/shock tunnel was selected based on the fact that the Sprint burned out
second stage is about 16 feet long and is to be tested at angles of attack of up to 80 degrees. This
test-section diameter results in an area ration of 10 across the divergent nozzle. This ratio
dictated the test-section diameter for the 2-foot-diameter shock tube in obtaining a 0.315
geometrically scaled 2- to 6-foot-diameter shock tunnel. The length of the 2-foot-diameter
portion (63 feet) was obtained as 0.315 times the maximum available 6-foot-diameter shock tube
length of 200 feet. The 12-foot length of the divergent nozzle in the 0.315 scaled shock tunnel
was obtained from results in the 4-inch shock tube studies. According to the geometrical scaling
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parameters, the divergent nozzle (40 feet long) of the 19-foot-diameter shock tunnel should be
about 3.17 times longer than the nozzle of the 0.315 scaled facility.

Results from the 4-inch and the 2-foot shock tube experiments were used in determining the
length of test section needed after the nozzle (at least three nozzle exit diameters). Therefore, the
length of 19-foot-diameter test section was established as 65 feet of 3.8 diameters.

4.3.1 Results in the 6-Foot to 19-Foot-Diameter Shock Tunnel
The 19-foot diameter or blast tunnel was completed in early July of 1971 and its final dimensions
are shown in Figure 29.
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Figure 29. 19’ Diameter Explosively Driven Blast Tunnel

The facility was calibrated for the Sprint Blast Program in a series of eight tests listed in Table 4.
This test series is discussed in detail in Reference 15. Table 4 also includes the driver explosive
weight (W), the static overpressure (AP), initial test gas pressure (Py), initial sonic velocity (ap),
primary shock Mach number (M*), shock velocity (Vs), flow Mach number (M3), shock strength
(P3/Py), static impulse (I), and positive flow duration (t). These blast parameters were obtained
from the measured overpressures (static and stagnation) in the test section near the muzzle end
and 295 feet from the driver end.

The impulse values listed in Table 4 were calculated by integrating the static overpressure
profile. A good approximation to the profile is obtained from the following equation:

AP = Py, [1-(t/t)]e™ "o
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Where P, = peak static overpressure and ty= positive phase duration. Figures 30 and 31 show
static and stagnation overpressure measurements near the muzzle end, respectively. The positive
flow duration is about 32 milliseconds.

Table 4. Nineteen Foot Diameter Blast Tunnel Flow Calibration Tests

TEST EVENT \4% AP ag M* Vs M;s | Py/Py | t
DATE NO. (b) | (psia) | (fps) (fps) (psi-S) S
7/23/71 71-137 160 38 1147 | 1.9 2180 [ 090 |4.0 0.665 0.035
8/25/71 71-146 135 33 1145 | 1.8 2050 | 082 |3.73 |0.58 0.035
8/17/71 71-144 112 28 1142 | 1.7 1976 | 0.78 |[3.31 [0.50 0.035
9/13/71 710178 112 29 1140 | 1.76 |2006 | 0.80 |340 |05 0.034
9/16/71 71-179 112 28 1133 | 1.73 1950 | 0.77 |3.31 |05 0.035
8/18/71 71-145 90 23 1142 [1.63 |1861 {0.70 |29 0.33 0.029
8/27/71 71-176 72 19.5 1147 | 1.55 1778 [ 0.63 |2.61 |0.273 0.028
8/27/71 71-177 72 19 1147 | 1.54 |1766 |0.62 |2.57 |0.27 0.028
(test section: 295 feet from driver end, near test unit nose)

Po=12.1 psia

This facility will initially be used with nozzle inlet shock Mach numbers in the 3.0 to 4.5 range.
Figure 32 shows the calculated corresponding nozzle exit conditions that could be generated.
This figure shows the Rankie-Hugoniot curves for the primary incident shock wave and for the
secondary rearward-facing shock wave. The intersection of these curves yields the static
pressure, P3, and flow velocity, Us. The static pressure, P, and flow velocity, U,, are indicated
by an “X” in this figure.

Figure 33 shows nozzle exit shock Mach number as a function of nozzle inlet shock Mach
number. Data from the eight tests listed in Table 4 are included in this figure. The calculated
values shown in this figure as a solid line were obtained from Equation (1). The measured values
are in close agreement with the theoretical values.

Figure 34 shows the nozzle exit shock strength as a function of the nozzle inlet shock strength.

The measured pressures from the eight tests of Table 4 are plotted in this figure and agree very
well with theoretical predictions.
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Figure 30. Static Overpressure Profile Near the Nozzle End of the 19’ Diameter Blast
Tunnel
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Figure 32. Rankine-Hugoniot Curves for the Primary Incident Shock Wave and for the
Secondary Upstream-Facing Shock Wave at Various Nozzle Inlet Shock Mach Numbers
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Figure 34. Nozzle Exit Shock Strength as a Function of Nozzle Inlet Shock Strength

Figure.: 35 illustrates the variation of the measured static overpressure from 147 to 303 feet from
the driver end. Data are presented for three tests which include the overpressure range for the
Sprint Blast Program.
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Figure 35. Static Overpressure Versus Distance From the Driver End

Figure 36 shows the measured static overpressures at the 295-foot station as a function of
explosive driver charge weight. The linear relationship is shown in this figure for explosive
charge weights between 72 and 160 pounds.

Figure 37 shows the overpressure, static impulse, and positive flow duration in the 19-foot-
diameter test section. This figure includes the predicted maximum parameters.

Figure 38 shows a shadowgraph of the shock front at the muzzle end of the blast tunnel. The
image motion camera used to obtain this shadowgraph was aligned perpendicular to the tube
centerline. The tunnel test section is beveled at a 75-degree angle and the curvature of the shock
front in the upper portion of Figure 38 is due to the earlier expansion of the flow near the top.
This figure does show that the shock front is planar and perpendicular to the tunnel centerline for
at least the lower half of the tunnel diameter which is a good indication that the shock front is
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planar over the whole tunnel diameter before reaching the muzzle end. The dark area toward the
right edge of this figure is believed to be due to water vapor and/or to carbon material deposited
on the walls in previous test and swept of the surface on this test. The resultant giant smoke ring
is shown in Figure 40 as the blast front reaches the muzzle end.
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Figure 36. Static Overpressure Versus Explosive Driver Weight for the 19-foot Diameter
Blast Tunnel Test Section
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Figure 37. Blast Parameters for the 19-foot Diameter Blast Tunnel
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Figure 38. Shadowgraph of Shock Front at the Muzzle End of the 19-Foot Diameter Blast
Tunnel

Figure 39 shows the Sprint Calibration Test Unit (CTU) in the 19-foot diameter test section. Also
shown in this figure is the wire suspension rope that is explosively cut when the shock wave

reaches the test unit. The nylon ropes shown in Figure 39 are used orient or align the CTU
leading edge.
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Figure 39. Calibration Test Unit (CTU) in the 19-foot Diameter Blast Tunnel Test Section
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5.0 Blast Facilities/Additional Photos/Shadowgraphs

Shadowgraphs of the blast wave engulfing a conical test model in the 4 inch by 8 inch diameter
blast tunnel facility are included in Appendix E. These shadowgraphs include the following
features:

a. Conical model at 30 degree angle of attack, attached bow wave,

b. Conical model at 70 degree angle of attack, detached bow wave,

c. Conical model at 30 degree angle of attack, shock engulfing unit.

Additional photographs of the 2 to a 6-foot diameter facility are included in Appendix F. These
photographs include the following features:
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a. A conical, test unit in the 6-foot diameter test section, and

b. The aluminum, diaphragm used to seal the muzzle end of the facility reduced, (initial
pressures below the 12.1 psia ambient pressure or when using test gases other than
air, such as helium, sulferhexaflouride, etc.) initial test gas pressure tests.

c. Conical test unit in beveled, 45 degree, 6-foot diameter muzzle end/test section,

d. Shadowgraph of shock front, compressed initial test gas, and following detonation
product gases

Additional photographs of the 6-foot diameter shock tube facility are included in Appendix G.
These photographs include the following features:
a. Six ft. diameter by 200 ft. long shock tube,
b. Four hundred grain per foot, PETN, primacord explosive distribution in the re-usable,
3 inch thick by 50 foot long driver, and
c. Six foot shock tube during blast test.

Additional photographs of the 6 to 19-foot diameter facility are included in Appendix H. These
photographs include the following features:

The beveled, 75 degree, 6-foot diameter muzzle end/test section,

Giant water vapor-smoke ring at muzzle end during test,

Shadowgraph of shock front, and bow wave from Sprint CTU,

A conical, Calibration Test Unit (CTU) in the 19-foot diameter test section,

The 16-foot long, 1200 pounds, Sprint missile, CTU trajectory measured from 400
frame/sec camera, and

The Sprint missile, CTU in the large sawdust, soft recovery, pit after the test.

The stagnation pressure measurement fixture(tansducers installed 3, 6, 9, and 12
inches from blast tunnel surface/measure boundary layer effects)

opo o

0

6.0 Discussion

The research and development work for the design of a 19-foot diameter test section for the 6-
foot diameter by 200-foot long shock tube has been was presented. The theory used in computer
programs to predict the blast tunnel flow parameters was included. The measured flow
parameters were presented and compared to the predicted flow parameters.

The 19-foot-diameter blast tunnel was used to successfully blast-test the Sprint missile second
stage . This facility was designed to test at initial test gas pressures between 1.0 and 12.1 psia

(ambient). (Structural, “T” configured re-enforcing rings were welded exterior to the 19-foot
diameter test section at a 10 foot interval) although, to date, test requirements have been such

that test conditions have been obtained at an ambient (12.1 psia) initial test gas pressure. The

Sprint Missile Program was successfully completed in this facility.

The 6-foot diameter by 19-foot diameter by 306-foot long blast tunnel was later modified to

simulate low over pressure, long flow duration free field blast environments to successfully test
aircraft components (B-1 bomber nose, fusolage panels)(Boeing KC-131 fusolage panels), and
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military (Army) field components as documented in references 17-23. This modified blast
simulator is shown in the last figures in Appendix H and included the following components in
series:

Two foot diameter by 236 foot long shock tube,

Two foot diameter to 6 foot diameter by 12 foot long conical expansion section,

Six foot diameter by 297 foot long shock tube,

Six foot diameter to 19 foot diameter by 40 foot long conical expansion section, and
Nineteen foot diameter by 65 foot long test section.

o0 T

The total length of this blast tunnel was about 650 feet. Cylindrical, Composition C-4, explosive
charges were suspended along the centerline of the 2 foot (actually 1.6 foot) diameter driver to
generate the required blast flow conditions in the 19-foot diameter test section as documented in
references 17-13. Figures with the following information are included in Appendix H:
a. Nineteen foot diameter blast simulator drawing/low overpressure long flow duration
configuration 650 feet long
b. Photo of 650 foot long blast tunnel

This facility was the largest explosively driven blast simulator in the country capable of
generating supersonic flows at the muzzle end.
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Appendix A

Appendix A.

EQUATIONS FOR THE BLAST WAVE PARAMETERS AFT OF
DEVERGENT NOZZLE, GIVEN THE NOZZLE INLET PARAMETERS
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Appendix A

The main objective is to obtain an expression for M* =W3/ay, the primary transmitted shock
Mach number. Solution of the blast-wave parameters after the nozzle is then simplified.

Given the nozzle-inlet blast-wave parameters and the area ratio across the divergent nozzle, it is
possible to find the blast-wave parameters in state 2 using the steady isentropic channel flow
equations. Equation (A-1) below (from reference 11) can be used to find an expression for the
flow Mach number, M», in state 2 in terms of the area ratio across the nozzle and the flow Mach
number M; in state 1.

dA 1 d(Hy;W) ds dM
“_ Tt LB (A-1)
A 2y-1 [Hy—le) R M

2

Since ds = 0 for isentropic flow, equation (A-1) can be integrated between limits A; and A, to
obtain equation (A-2) below.

y-1..,
1++—M
mfa o YL 2 P (M, (A-2)
Al 2(}’—1) 1+ 7—1M12 Ml
2
Equation (A-2) can be rearranged and simplified to yield equation (A-3),
1 4l
7_ 2 2(7_1)
ﬁ_Ml 1+——2 M, a3
A My
Rewriting Equation (A-3),
y+1
(y—DM; +2 |2-D
M,A, =M A| L2222 20 (A-4)
(y—DM; +2

The flow Mach number, M, can be solved for in Equation (A-4) by trial and error, the Newton-
Raphson method, or some other iterative method.

Equation (A-4) is of the form f(M)=0. The solution by the Newton-Raphson method is in the
following form:
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Mn+]:Mn ——I;L_M_)-' (A-5)
F (M)

This numerical technique converges, provided:

1. My is sufficiently close to a root of f{(M) =0,

2. F’(M) does not become excessively large,

3. (M) is not close to zero (no two roots too close together.

Equation (A-5) was used to solve for the flow Mach number in region 2, My, and the solution is
given by Equation (A-6) below.

y+1
(y-DM; + 2]2(7—»

M,A, -M,A
o 1[(}/—1)M,2+2

(7+1)—2(7—1)] (A-6)

A _(}/+1)M1M2Ax (}’—1)M22+2{ 2(y-1)
2 (p=DMZE+2 [(y-DM?E +2

This equation will be needed in the solution of the primary transmitted shock Mach number, M*.

The Rankine - Hugoniot relations (references 11 and 13) for flow conditions across the shock
wave and the ideal gas law can then be used to obtain the following expression involving M*:

- 2
1_1:_1_& iM*Z_i_fZ__l } _[7_—150_ _ZZ_M*Z_}_&_] }
L 2y Bly-1 Fy 2y B\7-1 F, (A-7)

r 2
4y M- 1* _ﬁ_le =0
a, M 2

The solution of Equation (A-7) for M* using Equation (A-5) is given below:

2
o o3
M =M -

n+lt n * * 2
AM P,(1- A
_ »(1-A) 2M PO[B_(}/H)MZ] ——2-92[1+ {JA[B—”“ 2
P, P, 2 a, M 2
(A-8)
where
-1 P N
A:.y_l._o iM 2+£1_1 (A-9)
2y Br-1 B

52



Appendix A

B=£°—(M* —LJ (A-10)
a, M
) r
— — -1
P, =P, iMﬁ Ly l)M,2 2y (A-11)
y+1 Y+ (y-DM; +2
2 1 1 -DM?+2 v
a, - % [Wi _Z:_}[Z___Mfl +1jl (_7/__12___ (A-12)
(y+1)M,, 2 2 (y-DM? +2

Equation (A-8) for M* along with the equations of Appendix B were used to obtain the
theoretical curves plotted in the figures of this report. These equations were also used to
generate the tables in Appendix C.

53



Appendix B

Appendix B.

EQUATIONS FOR THE SOLUTION OF THE COMPLETE WAVE
SYSTEM AFT OF NOZZLE
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Appendix B

Knowing the shock parameters in states 0, 1, and the primary transmitted shock Mach number,
M*, the necessary equations to completely solve the wave system after the nozzle are the

following:

State 2 Equations:

P, is given by Equation (A-11).
ay is given by Equation (A-12).
M,; is given by Equation (A-6).

1/2
M2s — .._Pﬂ M"=2 _.Z/_T_l +£._1
P, 2y 2y

WZ = M2xa2

u, =M,a,
R
P,
pz—RT2

P’z =P‘1’T‘2 :T'x’p'z =p'|

State 3 Equations:

y+1 2y
u, = 2a,M [1_ 1*2]
y+1 M
_ 2M™? 1)
M3 T *9 *) ni/2
o -y -vl-vam +2
_ U3

State 3’ Equations:

P3=P3,
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Appendix C

Appendix C.

FORTRAN COMPUTER CODE, "DIVNOZ", INCORPORATING THE
EQUATIONS OF APPENDICES A AND B FOR CALCULATION OF
BLAST PARAMETERS TABULATED IN APPENDIX D
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Appendix C

O CDC.6600.FIN.¥3.0-V258 OPT=1__ 08/21/72_.10.46,53.

PROGRAM. .DIVNOZ (INPUT.+OUTPUT s TAPES=INPUT,,TAPEG=QUTPUTY ____________
COMMON PR1{100) 4UR1(100),TR1(100),FM2(100),FH2(100), _
PR2(100} +ARZ(1001) FHS3(1D_HIJ_ERL(UMR}M!AEHML|_____ .-

1
2 AR31(100),TR3(100),FMS2(100),TR2(100)+UR2(100)4PRIP(100), .
JO S 3___UR3P(100).+EMSL(100L,FML1(100)R(100) »EM22020000 ... .
& FMS331(100),R2¢(100),AR22(100)4PR22(100),FMIP (100}
.................. e oo memmammm e e om e emeemme e ememmmmmes e e e e————
[ THIS PROGRAM CALCULATES THE BLAST WAVE PARAMETERS AT THE
[ EXIY OF A DIVERGENT NQZZLE GIVEN THE NOZZLE IN
10 c CONDITIONS , THE SPECIFIC HEAT RATIO (GAMMA) OF THE
__________________ Coeee oo TEST.GAS,. AND _THE_ ARES RATIOa (oo
[
__________________ G NSETS=NUMBER OF SETS OF DATA o iiiimiiicmiceccen
c M=NUMBER OF PAGES OF QUTPUT
15 c N=NUMBER OF LINFS QF QUTPUY
c )
__________________ G _FMS1=MS1=NOZZLE_INLET_SHOCK_MACH NUMBER ______ ...
c FM1=M1=NOZZLE INLET FLOW MACH NUMBER
__________________ G UR1=UL/AD=NOZZLE INLET.__FLOW VELOCITY YO _INITIAL SONIG __________..
20 c VELOCITY RATIO
G PR1=21/P0=NOZZLE _INLFT SHOCK STRENGTH (STATIC PRESSURE =
c BEHIND THE SHOCK TO INITIAL PRESSURE RATIO)
.................. G TRASTL/TQZNOZZLE INLEY _STALIC JTEMRPERATURE RATIO _ACROSS_SHOGK..
c
Re e ccemememesesseememeeees e cmccmeemaan
c
c FMS2=MS2=NQZZLE EXIY SECONDARY SHOCX HACH NUMBER
c FM2=M2=NOZZLE EXIT FLOW MACH NUMBEZR UPSTREAM OF THE
__________________ Qo iiiie e .. SECONDARY_SHOCK _FRONT .. .. iieiheiiiciaiiioos
30 c UR2=U2/40=NCZZLE EXIT FLOW VELOCITY TO INMITIAL SONIC
__________________ Ceeeeecceeeoeeee. . VELOCITY RATIO _UPSTREAM OF__ SECONDARY_SHOCK FRONTC ____.
c PR2=P2/P0=STATIC PRESSURE UPSTREAM OF SEZCONDARY SHOCK TO
G INITIAL TEST GAS_PRESSURE RATIQ
c TR2=T2/T0=STATIC TEMPERATURE UPSTREAM OF SECONDARY SHOCK
I - o, TO.INITIAL TEST.GAS TEMPERATURE RATIQ. .. .. ...
c
__________________ G ....FHS3=MS3=M*=NOZZLE_EXIT. PRIMARY TRANSMITTED SHOCK MACH NO._____
c FM3=H3=NOZZLE EXIT PRIMARY TRANSMITTED SHKOCK FLOW
C MACH NUMBER
40 c UR3=U3/A0=VELOCITY RATIO ACROSS THE PRIMARY TRANSMITTED SHOCK
__________________ Coeeceecccecceee . AFLOW_TO SONIC VELOCITY) ___ _._. .. [P
c PR3 P3/P0O=SHOCK STRENGTH OR STATIC PRESSURE RATIO
e { S ACROSS_THE. PR!HARY/TR??NSP‘ITTED SHOCK FRONT _________________
[+ TR3=T3/70=STATIC TEMPERATURE RATIO ACROSS THE PRIMARY
45 c TRANSMITTED SHOCK ERONT
c AR3=A3/A0=SONIC VELOCITY RATIO ACRO3S THE PRIMARY TRANSHMITTED
__________________ C e oo SHOCK FRONT e
c FM3P=M3(PRIME)=FLOW MACH NUMBZR IN THE REGION BETHEEN THE
__________________ Coeeeeeieiiee......SECONDARY SHOCK AND THE CONTACT SURFACE FOLLOWING ______
50 c THE PRIMARY TRANSMITTED SHOCK(BEYOND THE NOZZLE)
c
c
.................. OO
REAL MU
5 e READ, {513 )INSET S o e
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PROGRAM DIVNIZ .. COC_ 6600 .FIN_V3.0=V258 0PY=1__ 08/21/72__10.46.53._ "

13

FORMAL LR e

DO 970 IA=1,NSETS
READ (5,35)1GA, AR, TMIN,DMS1,THAX

15
&0

FORMAT (5F15.7)
Lk S TS —

FM1(21=0
FH224121=0

FMS1(1)=THIN
N=(TMAX~THMIN)/DHNSY

65

H=(N/40) +1
PQ_950_L=1.M S

HRITE (64520)
SEORMA T R e

HRITE (6,510)
FORMAT {(1H ,* BLAST WAVE PARAMETERS BEFORE AND AFTER A DIVERGENY

NOZZLE *,//7)

FORMAT (1H ,* AREA RATIC ACROSS THE DIVERGENT NOZILE®
3 = %, F64,2+7/)

HRITE (64550}

*({({(SECONDARY SHOCK CONDITIINS)))}}))) ({PRIMARY *

_-FORMAT (1M ,*(((({(NQZZLE INLET CONDITIONS)IIMNIMIDD® .

WRITE (6,560)
FORMAT (1H ,®SHOCK® 3X,*FLOW®,3X,*FLOH® JLX, *SHOCK® 24X,

8

*TEMP®,3X,*2NDRY®2X, *2NORY* 43X, *2NDRY*, 3X ,* 2NDRY *, 3X,

FORMAT (1H 2 *MACH® ) LX*MACH® 33X 4PVEL o ® yUXy*STREN®j4X,
PRATIO* 32X, *SHOCK® 32X s *FLOW® 40X, *FLON®, 4 X,*SHOCK®, 3X,

3

280 _____

*TEMP® g 3Xy*SHOCK® 42X *FLOW® 33X, *FLOW® 42X 4 *SHOCK?® 42X,

FHACH® y Xy *VEL « * 94Xy *STREN®,3X, *RATIO*,2X,*MACH® 43X,
PMACH® , IX,*VEL 4% 42X,*STREN,®,1X,%RATTIO* ,2X, *RATIO® 44Xy

*AND 2NDORY*)
WRITE 0695900 o o
FORMAT (1H 439X, %NO, %, 4X,*NO.%,5X,%RATIO® 18X,
_¥NOW® X NG ® , uX g *RATIO® ¢ 26X y®*SHOCK® /) .
WRITE (6,600) LT

FORMAT (1H 4 ®HS1%,5X,*M1%,5X,°U1/80%,3X,*P1/P0%,LX,

FT1/T0% 42Xy *MS2% 4y UX4 " M2%,6X,%J2/80%,3X,*P2/P0*,

_D8 960 I=2442
FMS1{I)=FMS1{I-1]+0MS1
PRI{I)=U(2,%GA)/{GA+1,) *FMSL1 (L) *32=(GA-1.)/ (GA+1,))

URI(II=(24*FMSL1{I))/(GA+1.) % (1. =(1,/FHS1{I)?**2))

((GA=1,)/7{GA+1,)+PRL(I))
_MUS(GA-1,)/(GA+1.)
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FHI(II= 00 a U 2 (PRICI) =20 ) 3SQRT UL ZTRACINI A
{SQRT( (1 2+MUI® (PRI(I} +HUID) .
CALL FLOW2 (AR.GAG1.C2:C3,C4.05,T)

NP S 8- ——-

C6=6A/ (GA=1,) s
C7202,3GA/ZSGA+1 12FNSLITL 23 2-{GA-1 )L 0GA L) o D
PR2(I)=C7*(1,7C1)**C6

[ S (TR A LR S SR ALI RN LTS T W2 N
C9=(16A=1,)/2, ) *[FHS1(I)*%2)+1,

AR2(1)= (2.7 {(GA+1 )2 FHSI (1)) * ((CAPCI% (1, /C1}} 2% ,5)

CALL SHOM3(GA,I,C10,C011,C12)

CALL SYST . (GAs L 01340 k) i emcmmmmmmemaee
WRITE (64620) (FHS1(IV)4FMLICI)URL(I), PRI(I),TRILI),

FHMS201) 4 FM201) yURZLT) ¢PR2CT) 4 TR2(T) g FMS3 Ol aneoooomameeeeeee.
FM3CT) JUR3Z(I),PRILIN4TRIC(I) 4ARI(I),FH3IP(I))
FORMAT (4H ,F5.2,3X X.F

2
FSa2)1XsFBa213XsFS5s293XsF0e293X9F54212X9F5.292X9Fle242X,

FMS1(1)=FMS1(I)
CONTINVE

CONTINUE
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_“CDQ_ﬁﬁﬂU,IIN_MJAﬂ:NZSB"ORIiin.na{ZLL?Z-“i049§-53L_"_

UPSTREAM OF THE SECONDARY SHOCK AND BEYOND THE NOZZLE EXIT
SUBROQUTINE FLOW? (ARGASC1:C2+,C3,064C5,1)

COMMON PR1(100),UR1(4100),TR1(100),FM1(200),FH2(L00),
PR2£100)5AR2£200),FMS3{200),PRI(100)4URI(100).:FH3L100)_______

5. 9
1

-
5

AR3(100),TR3(100),FHS24100),TR2¢100),UR2(100),PR3IP(100),
UR3P(100)sEMSA(L00 s FHL2(100)R(1A0)2FH22 M08 s oo
FMS33(100),R21100),AR221(200),PR22(100),FM3P (1030}

FM2R(R2)=6,1

DO 800 J=2,200 .
L1z ((GA=1 )X (FM220 01222142, )/ ($GA=1, 02 (FMICI) 22204250
C2={{GA+1,)~2.%{GA=1.)}/(2.%(GA-1.))

C3=((GAXI ) FMLIT)2FM22 4N )L U(GA=L ) 2 (FHITI 2209200 .
C4={GA+14)/(2.*(GA~1,})

Co=FM22( J) *AR

R{J)=(C5-FM1(I)*(C1**C4))/ (AR-C3I*C1**C2)

FM2200382 ) 2FM22 £ =R ) e
IF (ABS(FM22(J+1)~-FM22(J))-,0005)810,810,3800

FM2(I)=FH22(J*1)
PETURN

END
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COC_56600_ FIN V¥3,0-V25B OPT=1___08/21/72_ _ 10446453,

_____________________ Co_———.____SUBROUTINE SHOM3 CALCULATES THE NOZZLE EXIT_PRIMARY ______.________

c

TRANSMITTED SHOCK MACH NUMBER
SUBROUTINE SHOM3I(GA.J+C10,C31.C12)

COMMON PR1(100) yUR1(100),TR1(100),FM1(200),FM2(100), .
..3__PRZ(1001,AR241D00),FHMS3(100),PRI(100).,UR3(100),FH3(200) e _________.
4 AR3(100),TR3(100),FMS2(100),TR2¢{100),UR2(100),PR3IP(100),
_.5_._UR3P(100)FMS1(1001,FML134200),R(100),FM220100),
6 FMS33(100),R20100),AR22(200),PR22(100),FM3P (100)
FHMS33(2)=,75*FMS1(I)

DO 860 K=2,200

C10=(B=-((GCA+1,)/2,) *FM2(I))

Cli=1.+(1./7(FHS3I3(K)**2})

FMS33{K+1)=FMSI3 (K) -RP2(K)
IF_ (ABS(FMS3IJ(K+1)-FMS33(x))-,0005)870,870,860

CONTINUE
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CDC_ 6600 FIN_M3.0-V258. 0P1=1.__B8/21/72.  10446.53a.

Appendix C

- C SUBROUTINE SYST_CALCULATES THE SYSTEM BLAST PARAMITERS ______
c BETWEEN THE PRIMARY TRANSMITTED SHOCK AND THE SECONDARY
o SHOCK _FRONT
SUSROUTINE SYST (GA,I,C13,C14)
] _GOMMON_PR1(100),UR1(1001,,TR1(100),FM1(100),FH2(1000, __________
9 PR2(100),AR2(100),FMS3(100),PR3I(100),UR3(100),FH3(100),
.3 _AR3(100),TR3I(100),FMS2(100).+TR2(100),UR2(100),PRILI1001s ___.
2 UR3P(100),FMS1(100) 4FH11(100),R(100),FM22(100),
7 _FMS33¢4009,R2(100),AR22(100),PR22(100),FMIP (100}
10 PR3I(I)I=2.%GA/(GA+1.)*(FHS3(T)®*2-(GA-1.)/24)
R |1 X X § & LY FRAL A S S VA LTLS TP S5 FLS N4 LR AT G Ads 3
C1322,%GA*FHS3(I)®*2-(GA-1,)
IR of LA X 7. S5 RR T I R K B b a3 2L .
FM3(I1=2,% (FMS3{I1)*%2-1,)1/(C133C14)**,5
15 AR3(I)=URI(IN/FMI(I)
TR3I(I)=AR3(I)**2
________________________________ FHS2(1)=(1,/PR2AT)I 2 (FUSIUT) 202 (GA=1,)/02,26A)) . .
3 +(GA=1.)/(2,*GA))I**,5
eemecmmmmmmmmmmmmmmem e ARRUI) ZARZAINRR2 s
20 URZLI)=FH2(I)*AR2(I)
PR3P ([V=PR3(])
UR3P (I)=UR3(D)
oo FHIPAT) = (U1 o $ C (GA= 10 1 /2, IR (FHS2 (L) 29200 /(GAZ (EMS20II?%2)
2 ~((GA=1,1/2.1))%%,5
25 R £ U
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Appendix D

Appendix D.
TABLES FOR BLAST PARAMETERS ACROSS A DIVERGENT

CONICAL SECTION FOR A SPECIFIC HEAT RATIO(GAMMA) OF
1.4(AIR) AND VARIOUS AREA RATIOS BETWEEN 1.0 AND 15.0
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S9

BLAST WAVE PARAMETERS BEFORE AND AFTER A OIVERGENT NOZILE -

TABLE D-1
SPECIFIC HEAT RATIO (GAMMA) = 1,400 ) CotTmmmTTTTTT
AREA RATI? ACROSS THE OIVERGENT NOZILE =  1.00

"CCCLEINOZZLE INLET CONDITIONS))IIIN)I1)CC{( (SECONDARY SHOCK CONDITIONS))))33)((PRIMARY TRANSHMITFTED SHOCK CONDITIONS))

SHOCK FLOW FLOW SHICK TENKP 2NDRY  2NORY 2NORY 2ZNDRY 2NDRY PRIN PRIM PRIM PRIN PRIN SONIC HACH NO.
HACH MACH VEL. STREN RATIO SHOCK FLOW FLOW SHOCK TeEne SHOCK FLOW FLOW SHOCK TENP VEL, .... BET, CONT.
NO. NO,. RATIO HACH MACH VEL. STREN RATIC HMaCH HACH vEL. STREN., RATIO RATIO AND 2NDRY
B . - . KO, NO, RATIO NO, NO . RATIO . .... SHOCK

MS1 M1 utsa0  P1/PQ  TAZT0 MS2_ M2 u2/Af__P2/P0__ T2710_MS3I__ MY = U3I/A0 P3/PQ _T32T0 A3/AQ0  MI(PRIME)

1.07 1e45 S.l8 1.86 1,00 1.07 1,45 S.b8 1.86 2.20 1.07 1.45 Sstl 1.86 1.36 1.00
1.11 1,55 5.00 1.95 1.00 1.11 1.55 6,00 1.95 2.30 t.11 1.56 “Se9% 1495 1.40 1400 R
1.16 1.65 6.55 2.04 1.00 1.16 1.65 6.55 2,04 2,40 1.1€ 1.65 6.49 2.06 f.63 1.00
_ 2450 . 1420 1.75_ _ 7.12 2414 1400 1420 1479 . Te12_ 214 2450 Le2Q 175 . T.0Z 214 _t.46_ 1400
2.60 1.23 1.85 T.72 2.2 1400 1.23 | 1.85 772 2.24 2.60 .23 1.85 7.66 2.26 1.50 1.00
L2470 1,27 1.9 8,34 2.36 1,00 | 1,27 “1.96 8.3 24306 2.70 1.27 1.9%4 8.27 2434 1,53 | 1.00 _
2.50 1.30 2400 8.98 2.65 1.00 1.30 2404 8,98 2,45 2.80 1,30 2.04 8.92 2,45 1.57 1.00
_.2.90 1,33 2413 F.64 2.56 1.00 1.33 2.13 9.64 2,56 2.90 1.33 2.13 9,58 2.56 1,60 | 1.,0Q_____ __ .
3.00 1.36 2.22 10,33 2.68 1,00 1.36 2.22 10.33 2.68 3.00 1.36 2,22 10.27 2.68 1.64 1.00
_J1.110 1. 38 2,38 11,04 2,00 1000 1,38 2,31 31,04 2.00___J3.10_£.30__ 2,31 _ 10.38__2.00 1.67 . 1.00
3.20 1,61 .41 11.78 2.92 1.00 1.61 2401 11.77 2.92 3,20 1.41 2,41 11.764 2.93 1,74 1.00
3,30 1.43. 2.50 12.54 3.05 t.00 1443 2.50 12.53 3.05 3.30 1.3 2.50 | 12.49 3.05 1,75 S 1.00 L .
3.40 1,45 2.59 13.32 3.18 '1.00 1,65 2,59 13.32 J.18 J.40 1045 2459 13.26 .18 1.78 1.00
0 3.50 . 1,47 2.68 14,12 3.32 1.00 1.7 2.68 1he12 3.31 3,50 1447 2,68 14,07 3,32 .82 _1.00 ____ .
3.60 1.69 2.77 14.95 J.45 1.00 1.49 2.77 14.95 345 3.60 1.49 2.77 14,89 3.45 1.86 1,00
_3a20_ $.51 2,86 15,80 3. 60__1.00__ 1,51 2,86 25.80__ 3,60 __ J.70_ 1,51 2.06 1579 3a60__1.90___3.00
3.a0 1.52 2.95 16.68 3.4 1,00 1.52 2.95 16,68 .74 3,80 1.52 2.95 16,62 3.74 1,93 1.00
390 1,54 .0k 17.58 3.09 1.00 1.5%4 AL 17.508 3.09 3,90 L.54 3.06 | 17.52 . 3.09
ha 00 1.9% 1.2 18,50 4,03 1,00 1.%9% 3.2 10.9%0 4,08 4,00 1,38 3.13 18.44 4,08
Jbe10 1,57 3,28 19,44 4,20 1,00 1.57 3,21 1940 4420 410 Lo57 | 3.21 . 19.38 421
4. 20 1.58 3.30 20,61 ‘.37 1,00 1.58 3.30 20,61 “.37 4.20 1.58 3,30 20.35 4.37
_6a30 1,53 3.39 21460 ' 4.53 300 1,59 3439 21a%0_ 4,53 4,30 1,59 3.39 21,34 4.53 2,13 1.00
boll 1.60 J.u8 22,42 . 4,70 1,00 1.60 3,48 22,42 4,70 hoW0 1.60 3.48 22.36 4,70 2.17 1.00
L be50 1,61 . 3.56 23.46; 4.88 1,00 1.61 3.56 23,46 4e88 4.50 1.61 3457 . 23440 4,08 2,21 . 1.00 .. .
4460 1.62 3.65 2452 5.05 1.00 1.62 3.65 24,52 5405 .60 1,62 3.65 24,46 5,05 2,25 1.00
LBaT0.. 1463 376 25460 . . 5423 1.00 . 1,63 .. 376 . 25.60 $.23 Wa 70 1063 . 3476....25.54..5,23 2029 ... 2.00._________.
400 1.64% 3.83 26.71 S.42 1,00 1.6% 3.83 26.71 S.62 4,80 1.64 3.83 26.65 S.42 2.33 1,00
4,90 1,65 3,91 2T.B%  S.6) 1,00 _ 1.65_  3.91 ___27.84 5,61 4,90 1.65_  3.91 _27.78  S5S.61 2,37 1.00
5.00 1.66 4,00 29.00 5.80 1.00 1.66 Le.00 29.00 5.80 5.00 1.66 4,00 28,94 5.80 2.61 1.00
L5440 _ 1.67 4,09 30.18 6,00 1.00 1.67 4.09 30.18 6,00 5,10 1.67 4,09 . 30,12 6.00 2.45 . 1.00 ...
5.20 1.68 bet? 31,30 6.20 $.00 1.68 .17 31.38 6.20 5.20 1.68 4,17 31.32 6,20 2.49 1.00
.5630 1,68 __ 4.26 32.60 6,40 1,00 1.680 4,26 32.60 6,40 5.30 1.68 4e26 32454 640 2,53 . 1.00_ ...
5.40 1.69 4.35 33.85 6.61 1.00 1.69 .35 33.85 6.61 Se0 1.69 b, 35 33.79 6.61 2.57 1.00
5450 1,70 4.4} 3512 6402 1.0Q0  1.10 Gad 35412 6402 54501470 bo43 35,06 _6.02 .61 . 1.00
5.60 1.70 .52 36,02 T.04 1,00 1.70 452 , 36,42 7.04 5.60 1.70 h.52 36,36 7.06 2,65 - 1.00
_8,70_. 1,71 4,60 37,74 T.26 1,00 1.71 .60 37.74 T.26 5.70 1.71 .60 37,68 T.26 2.69 _ . 1400 . _ .
S.80 1.71 #.69 39.08 T.48 1,00 1.71 b.69 39.08 Tot8 5.80 1.71 4. 69 39.02 7T.48 2,76 -.1.00
.5¢90_ 1,72 | 4e78 L0, 404 T.71 1.00 1.72 4.78 0.4k 7.71 5.90 .72 4,78 40,38 7.71 2.78 , 1.00 . ..
6,00 1.73 L. 86 “1,83 T.34% 1.00 1.73 4.86 431,83 7.9 6.00 t.73 4. 86 L1.77 T.94 2,82 1.00 -
6240 1,73 4,95 43,24 .18 1.00 173 405 43,24 8,18 6,10 1.73 6,95 _ 43.18 0,18 2.86 . -1.00
6420 1.73 5.03 LYo 68 8.42 1400 1.73 5.03 4t .68 8,42 6,20 t.73 5.03 bh 62 8442 2,90 1.00

a xipuaddy



99

DLAST WAVE PARAMETERS BEFORE AND AFTER A DIVERGENT NOZ2LE

SPECIFIC HEAT RATIO (GANYA)
AREA RATIO ACROSS THE DIVERGENT NOZZLE = 1.00

1,400

WOLCUONOZZLE INLET CONDITIONS)))33)113) (CL{tSECONDARY SHOCK CONDITIONSII))) 1) (tPRIMARY

SHOCK  FLOW  FLOW SHOCK TEMP  2NORY 2NDRY  2NORY
MACH _ . MACH _ VEL, STREN RATIO SHOCK FLOW FLOW
NO, NO. RATIO MACH  WACH VEL.
_________ NO, NO, RATLO
MSL M1 uizAD___P1zPQ_ T1/79 M52 82 v2ray___|
6,30 1,74 5.12 45,14 8,66 1.00 1.74 5.12
_Be40 _fuTb 5,20 W7.62 8.91 1,00 1.74 5.20
6.50 1,75 5,29 w9, 12 9.16 1,00 1.75 5,29
_5.&0__.145__5..11__50.§L___9,n_4 00 La75% . _5e37_
6470 52.20 9.67 1,00 1.76 - S.46
6.80 ”_x rs___s su 53,78 9.9 1.00 1.76 5.54
6.90 1.76 5.63 55.38 10,20 1.00  1.76 5.63
7.00 _1.77. S.71 57.00 10,47 1,00 1,77 5.71
7.10 1,77 5.80 58,64 10,76 1,00  1.77 5.80
7,20 1,77 5,88 60431 11,02 1400 1,77 5,88 |
7.30  1.78 5,97 62.00 11.30 1.00 1,78 5,97
T.40 1,78 6,05 63,72 11,59 1,00 _1.78  6.05
7.50  1.78  6.1b 65,46 11.88 1,00 1,78 Baly
7.60 _1.78 6,22 67.22 12,17 1.00 1,78 6.22
7.70 1,79 6.3t 69,00 12,47 1,00 1.79 6.31
J_-_M_lg_a__h}_ﬁ_lhjl_lz ZZ_I-W_.._LJ?
7.90  1.79 6,48 72,6 3.08 1,00 1,79 6.48
8.00_ 1,79 6,56 . Tu. so 1: 39 1,00 1,79 6.56
8.10 1.80  6.65 76.38 13.70 1,00 1.80 6.65
8,20 1,80 6,73 78.28 14,02 :1.00 1,80 6.73
8.30 1,30 6,82 80.20 . 14,34 1,00 1,80 6,82
Bab0. 1,90 6,90 82415 14:66__1.00 1480 6490__
8.50 1.80 6,99 Bu.12 14499 1,00 1,80 6.98
8,60 1,81 7.07 86.12 15,32 1,00 1,81 7.07
8.70 1.81  7.15 88,14 15.66 1.00 1,81 7.15
8.80 __1.81 7,26 _ 90.18 16,00 1.00 1,81 7.24
8.90 '1.81 7.32 92. 24 16,36 1,00 1.81 7.32
_slnn,._ilj1___1ka____s~L};____1§.69._1.oo___i.ol Teb1
9.10 1.81 bokk 17,04 1.00  1.81 7.49
9. zn_"_t.az_,,7 sa 95 58 17,60 1,00 1.82 7.58
9,30 1.82  7.66  100.74 17.76 1.00 1,82 7.66
9,40 1,82 T.76  102.92 18,12 1.00 1,82 7.7
9.50 1,82 7.A3  105.12 16,49 1,00 1,82 7.83
9,60 1,82 7,91 307,35 18,86 1.00___ 1,82 7.91
9.70  1.82 8.00  103.60 19,247 1.00 1.82 8.00
9.80 1,82 8.08 111.88 19,62 1.00 1,82 s.08
9,90 1,83 T 8,17 1tu.18 20.00 1.00 1,83 8.17
10,00 1,83 8,25 116.50 20,39 1,00 1,83 8.25
10.10 1,83 8,33 118,84 20.78 1.00 1,83 8,33
1042 2__ 121423 21,17 2400 1.83 __ 8,42
10,30 1.83 8,50 123.60 21,57 1.00 1,83 8,50

633 ___T0.78

SHOCK TENP
STREN RATIO

P2/PO____T2¢(70

6.1k 8.66
.62 8.91
©9,12 9.16

50465 __9e01

52.17 9,67
53.7% 9.93
55,34 10.20
56,96 10,67
58.61 10.74

61.97 11.30
63.68 11,59
65442 11.88
67.18 12.17
68,97 12.47

72.61% 13,08
Thotb 13.38
7630 13.70

78425 14,02

80.17 14,34

84.09 16,99
86.09 15432
88.10 15.66
9D0.14 - 16,00
g2.21 16.34

40 16469

96e b1 17.04
98,54 17,40
100.70 17.76
102,88 18,12
105.09 18,49

107,32 _ 18.86 _

109,57 19.24
111,84 19,62
116,14 20,00
116,46 20.39
118,81 20.78

_.121.108 21.47

123.57 21.57

2NDRY  2NDRY

60,28 ___31,02__ 7

82,12 14,66 __8

10.30

1.83

TABLE D-1 (o )

TRANSHITTED SHOCK CONDITIONS))

PRIN  PRIF PRIM PRIN PRIM  SONIC MACH NO.
SHOGK FLOW FLOW SHOCK TEMP VEL., .. BET, CONT.
MACH HACH  VEL. STREN, RATIO RATIO AND 2NORY
NO. NO, RATIO . SHOCK . .
M5} H3_ UI/AQ P3/P0__TI/ZT0 _AJ/ZAQ  MI(PRINE)
6.30 1.74 5.12 46,08 8.66 2.9 1.00
6.60 1.7 5,20 47.56 8.91 2.98 1,00  ___
6,50 1.75 5,29 49,06 9.16 3,03 1.00
6e60 1475 5437 50,53 941 3,07 ____ 1.00
6,71 1.76 5,46 52.23 9.68 3,11 1,00
6.81 1476 5,55 53,80 9,95 3.15 i.00 o
6.91 1.76 5,63 55,40 10.21 3,20 1,00
7.00 1.7 5,72  S7,02 10,48 3,24 1.00
7T.11 1.77 5,80 58,66 10.76 3,28 1,00
v20__1eT7__ 5.89___ 60,33 31,04 3.32_ 1,00
7.30 1.78 5.87 62,02 11.32 3.36 1.00
T.40 .78 6,06 63,73 13,60 3,41 1,00 .
7.50 te78  6u1b 65.47 11,89 3.45 1,00
7.60 1.78 6,23  67.23 18419 3,49 __ 1,00 _ _
T.70 179 6431 69.02 12,48 3.53 1.00
12,70 7480 _ 1479 640 70,82 12.79__3.58 1,00
7.90 1.79  6.48 72.66 13.09 3,62 1,00 -
8,00 1.79 6,57 76,51 13.40  3.66 ... 1,00 __
8,10 1.80 6.65 76.39 13,71 3.7% 1.00
8,20 1.450 6.7 78.2% 14,03 3.75 1,00
8.30 1,60 6.82 80.21 14,35 3.79 1,00
401,80 6,90 62,16 14,60 3,83  1.00
8,50 1.80 6.99 84,13 15,00 3.87 1.00
A.60 t.81 7.07 86,13 15.34 3,92 .. 1.00 _ . .
8.70 1.81 7.16 88,15 15,67 3.96 1.00
8.80 1.81 7.24 90,19 16.01 4,00 _____ 1.00 ..
. 8.90 1.81 7433 §2.25 1€436 4,04 1.00
9000 _1a88 __Tobd__ 9%,3% 16.71__4.09__ 1,00
9,10 1.81% T.49  96.045 17.06 413 1,00
9,20 1.82 7.58 98,59 17.61 &o17 _ .1.00 _
9.30 1.82 7.66 100,75 17,77 4,22 11,00
9,40 1.82 7.75 102.93 18.14 .26 _ . 1.00
9.50 1.82 7,83 105,13 18,50 4,30 1100
9.60_ 1,82 _ 7,92 _107.36_18.08_ 4,34 f3a00
9.70 1.82 8,00 109.61 19.25 4,39 11,00 N
9.80 1.82 8,08 111,89 19.63 .43 11,00
9.90 1.83 817 114,19 2001 4,47 +1,00
10,00 1.83  8.25 116,51 20.40 &.52 +1,00
10,10 t.83 8,34 118,86 20,79 .56 134,00

30,20 3.03 8,42 3R1,22.2).19_ 4,00 11,00

8.51 123,62 21.58 4,65 1,00
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BLAST WAVE PARAHETERS BEFORE AND AFTER A DIVERGENT NOZILE

TABLE D-II

SPECIFIC HEAT RATIO (GAMMA) = 1,400
AREA RATIOQ ACROSS THE OIVERGENT NOZILE = 1.78

CCCEEINOZZLE INLET CONDITIONSIIID) ) I} (UM ((SECONDARY SHOGCK CONDITIONS}}I)))) ((PRIMARY TRANSMITTED SHOCK CONDITIONSH)

L9

SHOCK  FLOW  FLOW SHICK TEMP  2NORY 2NORY  2KORY  2NMORY  2NORY PRIM  PRI¥  PRIN PRIM  PRIN  SONIC MACH NO,
MACH MACH  VEL. STREN RATIO SHOCK FLOW FLOW SHOCK  TEMP  SHOCK FLOW  FLOW SHOCK TEWP  VEL. BET. CONT,.
TR NO, RATIO MACH  MACH VEL. STREN RATIO MACM HACH VEL. STREN. RATIO RATIO AND 2ZNDRY
) NO. NO. RATIO NO. NO, RATIO _SHOCK __.
MSL_ ML UI/AQ_ PL/PO_ TA/TO__MS2_ M2 __U2/A0_ P2/PO___T2/10 _HMS3 . _ W3 ____U3/AQ P3I/PO__T13/10__ A3/A0___ M3I(PRIME}
2.20 1,07  1.45 5,48 1.86 1.74  2.07 2.29° 1,29 1,23 1,97 L94 1,22 .28 1.66 1.29 .63
. 2.30 __1.13  1.55 6,00 1.95 1.70  2.08 2,37 1,68 1.3t 2.06 .99  1.31 4,70 1.73 1.32 o4
2.40 1,16 1,65 5.55 2.06 1,67 2,09 ° 2.45 1.68 1,38 2415 1.06 1,40 S.16 1,81 1,35 .65
2450 1,20 $a7S__ Tal2_ 2,14 14652410 2,54 _._ 1.89__ 146 _ 2423 _1.08__1.49__ 5,591,862 1,37 .6S
2,60 1.23  1.85 7.72 2,26 1.62 2411 2.62 2.11 1,56 2.32 1,12 1.58 6,07 1,97 1.40 .66
L2470 3,27 1494 8,36 2,36 t.61 2,12 2.71 2.33 1,63 2441 1,16 1,67 6.56 2,05 1.43 Ce6T..
2,80  1.30 2.06 8.98 2,45 1.59 2,14 2,80 2.57 171 2.50 1.20 1.75 7.07 Z.14 1.ub .67
2.90 1,33 2,13 9.64 2.56 1.58 2,15 2.89 2.81 1,80 2.59 1,23 1.8 7.59 2,23 1,49 68
3.00 1,36 2.22 10.33 2.68 1.56  2.17 2.98 3.06 1,89 2,68 1.26 1.92 8.l 2.32 1,52 .68
_ 310 1,38 2,31 11,04 2,80 1,55 2418 3,07 _ __3a32_ 4498 2417 1a29__ 2400 8.70__2.42_ 355 __ _ .68
3,200 1.41  2.61 11.78 2.92 1.54  2.19 3.16 3.58 2,08  2.86 1.32 2.09 9,28 2,51 1.59 .69
03,30 1,43 2,50 12,56 3.05 1,53  2.21 3.25 3.86 2,18 2,94 1.34 2,17 9,88 2,61 1,62 . 469 ____
3,640 1.45  2.59 13,32 3.18 1.53  2.22 3,35 Gty 2,28 3.03 1,37 2,25 10,50 2.72 1.65 .69
3.50 . _1.67 . 2.68 16,12 3.32 1.52 2.23 Itk Gl 2.38 3412 1,39 2,33 11.16 2.83 1.68 .69 _ .
3.60  1.49  2.77 14,95 3.45 1,51 2.24 3.54 Wl 2,49 3421 1,41 2.62 11,79 2,96 1,71 .70
J3eT0 14312486 15,00 3,060 1451 ... 20295, _ 3463 _ __ 9409 ___ 2,60 __ 3430 _1.43__ 2,50 12,40 _3.05__$.75___ 70
3,80 1,320 2,98 16,68 3.0 1,50 2028 3.72 5,36 2,71 3.39 1.45 2,58 13.16 J.16 $.78 .70
3¢90 . 1.54 .. .3.04 . 17.58 3.89 1.50 2.27 3.82 5.68 2.82 3,48 1,47 2,66 . 13,86 3,28 1.8 . __ W70 ..
4.00 1,55  3.12 18.50 %.05 1,49 2,28 3.91 6,02 2.9% 3,56 1,48 2,74 14,59 3.40  1.85 .70
Che10 1,57 3,21 19.4% - 4,20 1.49  2.29 4,01 6.36 3.06  3.65 1.50 2,82 15,34 3.3 1,88 70 __
4,20 1.58  3.30 20,41 .37 1.49 2,30 4,10 6.71 3,18 3.76 1.51 2,90  16.10 3,66 1.91 o7t
a0 1,59 3439 21080 4,53 1.40___2.31 4,20 _ T 07____3.30.__3.83_1.53_ 2497 16.89__3.79_1.95 W71
4.0 1.60 3,48 22,42 6,70 1.68  2.32 4,29 7.0k 3,43 3.92 1,54 3,05 17,69 3.92 1.98 .71
L4450 | 1.61. _ 3,56 23,46 W.88 1,48 2,33 4,39 7.81 3,56 4.01 1,55 3,13  18.51 4,06 2,02 __ (T4 ___.___
460 1,62 3,65 26.52 5,05 1.47 2,33 4,49 8.20 3,69 4,10 1,57 3,21 19,35 4,20 2.05 .71
4e70. 1,63 3.7 25.60 5,23 1.47 2434 4,58 8.59 . 3.83 4,19 1,50 3,29 20,21 .34 2,08 o78%..._... .
4,80 1.64 3,83 26,71 S.42 1.7  2.35 4.68 8.99 3,97 %e23 1.59  3.37  21.09 4.69 2.12 .71
4,90 1,65 3.91_ 27.8% .63 fa47___2.35__ _4oJT__ __ 9,40 8el1___§.36 1,60 __3.45_ 21498 4,64 2415 T8
5.00 1.66  4.00 28.00 5.80 1.67  2.36 w87 9.82 4.26 ke &S 1461 3,52  22.90 4.79 2.19 7
L5410 . 1.67 . 4,09 30,18 6,00 1,46 2,37 w97 10,24 Gk0  GeSb 1462 3,60 23483 4,95 2422 . o7 0.
5,20 1.68 w.17 31.38 6.20 1.46 2.37 5,06 10.68 €.55 4463 1,63  3.68 26,73 5.11 2.26 .72
(5,30 . 1,68 __ .26 _  32.60 6,40 1.46 2,38 5,16 11,12 GoTL 4a72 1,64 3,76 . 25,75 S.27 2,30 ' T2 .. ..
5.40 1,69 4,35 33,85 6.61 1.646 2.38 5,25 11.57 .86 .81 1,64  3.83 26,76 S.43 2.33 ° .72
_5.50_ 1,70 4,63 35.12 Bo82 o496 2439 5e3% 12403 5.02__ %90 _146% Je9i_ 27eT% 5602230 ___a72 " __
5.60  1.70 .52 36,62 7.06 1.46 2,33 5,45 12.50 5.18°  4.99 1.66 3,99 28,77 5.77 2.40 W72
(6,70 1.7 .. 4.60_ . 37,76 7,26 1.45 2,40 5,54 12.98 5,35 5.07 1,67 4.06  29.81 5.95 2,44 ‘.72 '
5.80  1.71 4.69 39,08 7.8 1,45 2.60 5.64 13,46 5,52  5.16 1,67  &4a1& 30,87 6.12 2.47 .72
5490  1.72. . 4,78 40, b 771 1045 2481 5,76 13,95 5,69 5,25 1.68 4,22 31,95 6,30 2.51 . 72 . . .
6.00  1.73  &.86 “l,83 70967 1445 2,41 5,83 14,46 5.86 5.3k 1,69 .29 33.05 6.49 2,55 .12
6.0 1,73 5,95  63a2% 8,08 .45 2a41_ 5,93 __ _ 14,97 6e04__ Sa43__1.69 _4a37_ Jhail  6.67 2,5
6020 1,73 5.03 W, 68 8,62 1.45 2.42 6.03 15,48 622 5452 1470 4. k5 35,30 6.86 2.62 T2
-
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BLAST WAVE PARAMETERS BEFORE AND AFTER A DIVERGENT NOZILE

TABLE D-1I (Cont.)

SPECIFIC MEAT RATIO (GAHMA) = 1.400
AREA RATIO ACROSS THE OIVERGENT NOZILE = 1.78

TC4CC(UNOZZLE INLET CONDITIONSI}113)330) (¢ ( C{SECONDARY SHOGK CONOITIONSI11)))) ({PRIMARY TRANSMITTED SHOCK CONOITEONS)E o

89

SHOCK

FLOW

FLow

SHICK

TENP

2NDRY

2NDRY

ZNORY  ZNORY  2NORY PRIM  PRIF  PRIH

hel6

PRIN  PRIM  SONIC HACH NO.

_HACH MAGH . VEL, . STREN RATID SHOCK FLOW FLOW SHOCK  TEHP  SHOCK FLON  FLON SHOCK * TEMP  VEL, 8ET, CONT,

NO. NO, RATIO HACH  MACH VEL. STREN  RATIO MACH  MACK  VEL. STREN, RATIO RATIO AND 2NORY
: NO, NO, RATIO NO. NGO, RATIO SHOGK

_HS1 ML UI/ZAQ PL/PO 11/70 __MS2 H2 U/ZAQ _ PR/PO___T2/T0__MS3 ___ N3 U3IZA0 P3/PO  T3I/ZTQ__AJ/AD . MI(PRIME}
6,30 1,74 5,12 46,14 8,66 1445 2,42 b.12 16,01 6,40 5,61 1.70 4,52  36.45 7,05 2.66 W72

. 6eb0 1,74 5.20 47,62 8.91 1,45 2,42 6.22 16,55 6.58 5,70 1.71 4,60 37.63 1.25 2.69 Le72 .
6.50 1,75 5,29 9,12 9,16 1.45 2443 6.32 17.09 6,77 5,79 1,71 .68 38.82 7.45 2.73 .72

—6a80 __ 1,75 S5a37____ 50,65 Fa4l__1et5 2443 babl__ 3T B4_____ 6496 __5,87 _ L 72 __4o75___ 40,03 __7.65__ 2,20 .12
6.70 1.76  S.ub 52.20 9,67 1465 2,43 6,51 18,20 7416 5,96 1,72  4.83 41,25 7.85 2.80 .72

6480 1,76 S.54 __ 53.78 9,93 1.4k 2.u4 6.61 18,77 7.35 6,05 1.73 4,91 42,50 8,06 2.8 CeT2
6.90  '1.76  5.63 55.38 10020 1o4b  2u4b. 6,70 19,35 7455 6.1 1,73 4,98 43,76 8,27 2.88 72

L7400 | 1.77 5,71 57,00 10,47 Lobk 2444 6480 19.93 7.75  6.23 1,74 5,06 45.05 8,49 2,91 W72
7410 1,77 5,80 58,64 10,78 1,46 2.4 6.90 20,53 7.96  6.32 1,76 5,13 46,35 8,70 2.95 W72

7420 1.77 5,48 60.31 11002 _tatl 2045 609923413 ___ 0417 6,41 __faT4_ 5,21 47,67 __8,92_2.99_____.I2
7T.30 1.78 5.97 62,00 11,307 1.tk 2,45 7.09 21,74 8.38  6.50 1.75 5,29 49,01 9.15 3,02 W72

CTe40 4,78 6,05 63,72 11.59 1ot 2,45 7,19 22.36 8,59 6459 1.75 5,36 50,36 9.37 3,06 W72
7.50 1.78 6.1 65,46 11.88 L.t 2,45 7.28 22.99 8.81  6.67 1,75 S.4k  S1,7% 9,60 3,10 .72
7.60 1,78 6.22 67,22 12,17 1.4k 2,46 7.38 23.62 9.03  6.76 1.76 5,51 53,13 9.8% 3.1% .72
7.70 1.79  6.31 69,00 12,67 1o 2,46 7.8 24,27 9,25 6.85 1,76 5,59  S4,54 10.07 3,17 W72

7280 _ 1479 _6a39 70,81 ___ 12,77 _lebyhk 2ab46 TS0 __ 24,92 _ _9.48 __6.9%_1.76__ 5.66____55497_ 10431 3421 _ .12
7.90  1.79 6,48 72.64 13.08 1.64  2.46 7.67 25.58 9,71 7,03 1,77  S.74  57.42 10,55 3.25 W72

L8400 . 3,79, 6,56 74,50 13,39 g4t 2,46 T.r7 26,25 9,94 7,12 1,77 5,82 58,89 10,80 3,29 .. .72 ... ..
8.10 1.0 6,65 76,38 13,70 1.4t 2,47 7.86 26,93 10,17 7,21 1.77 5,89 60,38 11,04 3,32 .72
8,20 1,80 6,73 18,28 16,02 1.4t 2447 7.96 27.61 10,41 7,30 1,78 5,97  61.68 11,29 _3.36 IS I
8,30  1.80  b.A2 80,20 Thadl Lokl 2,47 2,06 28,31 10,65 7,39 1,78  6.06  63.40 11.55 3,40 72

—8.80 3490 690 02415 . 14,66, 1ebtb__2ehT___ 0¢15__ 29,01 _ 10489 7.47 1,78 ___ 6032 649495 11,88 3o44 12
8.50 1.840 6,99 BY.12 ¢« 14.99 1,44  2.47 8.25 29,72 11,16 7.56 1,78 6.19 66451 12.07 3.47 .72

_8,60 1,81 T.07 86,12' 15,32 1.b& 2,47 8.35 30064 11,38 7,65 1.79  6.27 68,08 12,33 3,58 . . _ 73 ...
8,70 1.%1 7,15 88,14 15,66 1.4k 2,48 8.t 3117 11466 7,74 1,79 6,34 69.68 12,59 3.55 .73

_ 8480 _ 1.81  7.2% ..18 16,00 1.l 2,48 8,54 31,91 11,89 7,83 1.79 6,42 71,30 12,86 3.59 ____ 3. ___.
8.90 1,81  7.32 92. 24 16,36 1,63 2,48 8,64 32,65 12,15 7,92 1.79  6.49  72.93 13.1% 3,62 .73

~—9.00 1.51 Tabl 9%.33 16,69 __ 1443 ___ 2,408 ___ 8,73 ~ 33l 12440 8000 21,79 6eST. . TLe58_13,061__ 3,66 .73
9,10 1.81  7.49 96, 4t 17406 1,63 2.48 8,23 34,17 12,67 8410 1,80  6.64 76425 13.69 3.70 .73

.9¢20__ 1.82 _ 7.58 98.58 17,40 1,43 2,48 8.13 34096 12.9% 8,19 1.80 6,72  77.9% 13,97 3,74 73 .
9,30 1,82 7,66 100,74 17.76 1.43  2.u8 9,02 35.72  13.21  8.27 1.60 6,79 79,65 14.26 3.78 .73

(9440 1.92 . _ T T4 _ 102.92 18,12 1,43 2,48 9,12 36.51 13,48  8.356 1.80 6.87  81.37 14.54_ 3.81 _____ W73
9.50 1.82 7.83 105,12 18,49 1,63 2,49 9.22 37,30 13,75  8.45 1.80 6.95 83,12 14,83 3.85 .73
9,60 _ 1,82 7,91 307,35 1386 1,43 2,49 9,32 38,11 _ 14,03 _ 8,54 1,80 _ 7.02__ 844688 35,33 _3.89 o173
9,70  1.%2 8,00 109,60 19,24 1,63 2.49 9,01 38.92 14,31 8,63 1.81  7.10  86.66 15,43 3,93 .73

09,80 1.82 8,08 111,88 19.62 1.43 2,69 9.51 39,74 14,60 8,72 1.81 T.17  88.46 15473 3.97 Ce73 .
9,90 1.83 8,17  1ik.18 20,00 1,83 2,49 9.61 40,57 14,88 8,81 1.81 7.25 90.28 16.03 &.00 .73

10,00 1,43 8,25 116.50 20039 1.43 2,49 9,70 81.41 15,17 8.90 1.81 7,32 92,12 16.33 4,04 .73

10.10 1,83 8.33 118,84 20,78 1,43 2,49 9.80 42.25 15,46  8.99 1,81 7,40 93,97 16.64 4,08 .73

10420 1,83 8,42 121,21 21.17 .43 ___2.49 . 9.90 43,11 15,76 9407 3,81 __ 747 __ 95,85 216496 4412 L73
1030 1,43 8,50 123,60 21,57 1463 2,49 9.99 £3.97 16,06 9,16 1.82  7.55 97.74% 17,27

.73
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69

BLAST WAVE PARAMETERS BEFORE

.

SPECIFIC HEAT RATIO (GAM4A}
AREA RATIO ACROSS THE DIVERGENT NOQIZLE =

CCOLOINOZZILE INLET CONDITIONS)PIINIDIMLTL{ISECONDARY SHOCKX CONDITIONS) D)) )) ({PRIBARY

SHOCK FLOW FLOW

SH3CK

1,400

AND AFTER A OIVERGENT NOZILE

2.55

TTEMP | 2NDRY 2NORY  2MDRY

2ZNDRY

PRIN

PRIF

_TABLED-HI

PRIN

TRANSNITTED SHOCKX CONDITIONS))

PRIN  PRIN  SONIC

2NORY HACH NO.
HACH MACH  VEL, STREN RATIO SMOCK FLOW FLOW SHOCK TEHP  SHOCK FLOW  FLOW SHOCK TEMP  VEL, BET, CONT,
NO. NO. RATIO MACH  MACH VEL. STREN RATIO MACH MACH  VEL. STREN, RATIO RATIO AND 2NORY

NO. NO, RATIO NO, NO. RATIO SHOCK

MSE ML uisAQ  PRsPO . YisJO_MS2 M2 W2ZAD_ . PR2/PO___TR2/TQ_MS3 .. _H3_____VIZAD PI/PD__13/10 AJ/AD  MIC(PRIME)
2,20 1,97 1.5 5.8 1,86 2,17 2.87 2.50 .69 1,03 1,82 .85 1,06 3,62 1,55 1,24 .55

L2430 1,11 1.55 6,00 1.95 2,12 2,48 2.59 .79 1.09 1,90 .90 3.15 3.98 1,61 1.27 «56
2,40  1.16 1,65 6455 2.06 2,09 2.48 2.67 +90 1416 1.98 .95 1,23 .36 1,67 1,29 .56

_2.50___ 1,20 1.75 Tal2 2014 2.05_ 2450 ___2476_ . 1.01 _ _3.22__2,07...1,00 __1.32 __ %e?5_1.T4 1432 .57
2,60  1.23  1.85 7.72 2,26 2.02  2.51 . 2.85 1,13 1.29 2.15 1.0 3,40 5,15 1,81 1,35 .57

L2470 §.27 1,96 8,34 2,34 2,00 2.52 - 2.9% 1.26 1,36 2,23 1.08 1,49 5.57 1,88 1.37 58
2,80 1.30  2.0& 8.98 2.45 1,98  2.53 3,06 1.38 Tohh 2,31 1.12  1.57 6.01 1.96 1,40 .58
2.90 1,33 2,13 9.64 2,56 1,96 2,55 3.3 1.52 1051 2,40 1.16 1,65 6,46 2,04 1,43 KT
3.00 1,36 2,22 10,33 2.68 1.4 2,56 3,22 1.65 1,59 2,48 1,19  1.73 6.95 2.12 1,45 .59

_ 310 1,38 2,31 11.0% 2,80 1,93 2457 332 o 24803467 __2.56__ 3422 1483 Pa4l_2.20__la48 .59
3.20  febl 2,61 11,78 2.92 1.91  2.5A 3,42 1.95 1.75  2.66 1.25 1,89 7.91 2,28 1,51 «59
3,30 1.43 2,58 12,54 3,05 1,90 2,60 3,51 2,10 1,83 2,72 1.28  1.96 B.42 2,37 1,54 . «60
3.60 1,45 2,59 13.32 3.18 1.89 2,61 3,61 2.26 1,91  2.81 1,30 2,04 8.95 2.46 1.57 .60

03,50 . 1,47 2.68 16,12 3.32 1.88 2,62 3.7 2.2 2.00 2,89 1.33 2,12 9,49 2,55 . 1460  __«60 . ...
3.60  1.49 2,77 164,95 3,45 1,87 2,63 3.8 2.58 2,09 2.97 1.35 2,19 10.06 2.64 1.63 .60

_3al0. 1a51_ 2486 15,80 3.60__f.86_ 2.64 3,90 2.76 2418 _ 3,05 1437 2.27___10.63__2.7% 1.66___ .61
3.80 1.52  2.95 16,68 3,70 1,86 2,65 4,00 2.93 2.28 3.13 1.33 2,35 11,22 2.84 1.69 .60
3490 1.9% 3. 0& 17.50 31489 1485 2,66 4,10 311 2,37 3,22 .l 2042 11,83 2.9 1,72 .. .41 . ...
WoBD 1,49 V.02 1A, 80 PPV LEEEDY TR Y .22 3.30 2,47 3,30 1.4 2,30 32,46 3,05 1,78 .61

e300 1057 3,21 19,44 4420 1484 2,68 6,30 3,49 2,57 3038 1,45 2,97 13,09 3 15 .78 .. o6
.20 1.58 3.30 20,41 | 4437 ;1.83  2.69 440 3.68 2,68 3,46 f.46 2,64 13,75 3,26 1,.8% .61

_4a30_ 1,59 3,39 20440 0 4a53_ 1.83 270 4 50 388 __ 2,78 . 3.54. _ A %8 2472 __ 14.42__3.38__ .84 .61
t.t0 1,60 3,48 22,42 4,70 1.82  2.70 4,60 4,09 2,69 3.63 1.49 2,79 15.11 3,49 1.87 .61

_4,50 _1.61 . 3.56 23,46 6,88 1,82 2.71 4,70 4,30 3,060 3,71 1451 2487 15,81 3. €1 1,90 . . «61 ... ..
.60 1462 3,65 26.52 5.05 1,82 2,72 4,80 t.51 11 3.79 1,52 2.9 16,53 3,73 1.93 .61

LbaT0 L 1.63.. 3,76 25.60 5,23 1.81 2,73 4,90 4,73 3,23 3,87 1.53 3,01 17,26 .3.85..1,96 ... 6% ... ...
.80  1.64 3,83 26.71 5.642 1.81 2,73 5,00 4,95 3.35 3,95 1,55 3,08 18.0% 3,98 1,99 .61

_ 4290 1465  3.9%_ __ 27.8%_ __ S.61 _1a81___ 204 Se10_ 5,38 J.47__ 4a.04 51,56 3.6 18.78 _4.10 2,03 .62
5,00 1.66 4.00 29,08 5.80 1.0 2.7% 5.20 5.42 3.59 .12 1,57 3.23 19,56 4,24 2.06 62

5410 1467 6,09 30,18 6,00 1,80 2,75 5430 5,65 372 44020 1.58 3,30 20,36 .37 ..2.09 .. .62 ...
5,20 1.68 4,17 31.38 6,20 1.80 2.76 5,40 $.90 3.8% 4,28 1,59 3,37 21,17 4,50 2.12 .62

.5.30 _1.68 4,26 32.60 6460 1479  2.76 5.50 6ol 3.97 4,37 1,60 3,45 22,00 4,64 2,15 . 62, .
S,40  1.69 4,35 33,85 6:61 1479 2,77 S.60 6.39 Goll 6045 1,61 3,52 22.86¢ 4,78 2.19 .62

5250 $a70 4,43 35,02 5aB2 _$eT9__2aTT____ SaTh__ 6465 ___Ma24___4e53_ 1,62 ___ 3459 __23,70_4,93 _2.232_____L62
5.60 1,70 4,52 36,42 7. 00 1,797 2.78 5,81, 6,91 4.38 .61 1,63  3.66 24,58 8,07 2.25 .62

L5670 1,71 . 4.60 37.7% 7.26 1.79  2.78 5,91 T.18 €52 469 1.63 3. T3 25,47  5,22__.2,29 . ..
5.80  f.71  €.69 39.08 T.48 1.78 2.78 6.01 7e45 4,66 6,78 L.66 3.81 26,38 5.37 2.32

L5490 . 1,72 | 4,78 40,6k 7.71 1,78 2.79 6.11 7.72 480 4.86 1,65 3,88 27,30 5,53 2.35 B
6,00 1,73 .86 t1.83 T.9% 1.78  2.79 6.21 8.00 4.95  L.9% 1,66 3,95 28.2% 5,68 2,38 62

6210 1,73 4,95 63.284  8.18 1.70_ 2,890

6420 1.73 5.03

LL.68

842

1.78

2,80 betl

8.58

5425

510

1.67

4o09

3017, 6401 2445 -

Ee30__ 8¢RI 5510 __5,02_ 1.06___b4.02 29,20 S.8% 242 W62
.62
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BLAST WAVE PARAMETERS BEFORE AND AFTER A DIVERGENT NOZZLE ’ o o

TABLE D-III (Cont.)

SPECIFIC HEAT RATEO (GAMNA) = 1,400 -

CCCTCINOZZLE INLET CONDITIONS)I) 131103 ) (¢ (( (SECONDARY SHOCK CONDITIONSI)I)))) ((PRIMARY TRANSHITTED SHOCK CONDITIONSYY

SHOCK FLOW FLONW SHJICX TEHP 2KRORY 2NDRY ZNDRY 2ZNDRY 2NDRY PRIHN PRIP PRIN

PRIN  PRIM  SONIC HACH NO.
MACH. ____MAGH ___VEL, .. STREN __RATIO  SHOCK FLOW FLOM  SHOCK TEMP  SHOCK FLOW _ FLOW SHOCK TEMP ___VEL. ._____ 9ET, CONT.
NO. NO, RATEO MACH  MACH VEL, STREN RATIO MACH MACH  VEL. STREN., RATIO RATIO AND 2ZNORY
S NO, NO, _RATIO NO, NO, _  RATIO..._ . ... SHQCK. _ __.__
#s1 M1 U1/AQ___PysPQ T4/70_ MSZ H2 U2/A0__ P2/PO  T2/70_ MS3 H3 UI/ZAQ P3I/PQ_ T3/T0 _A3/AQ H3I{PRIME)
6,30 Tt 7e s 46,16 '8.66 1.78  2.80  6.52 8.87  S.41 5,19 1,68 4,16 - 31.16 6.17 Z.48
CBa40__ teTh 5,20 67.62 . 6491 1.78 _ 2,81 6.62 3,17 £.56  §.27 1468 4,23 _ 32.46 € 34 2452
6,50 1.75 5,29 49,12 9.16 1.77  2.8% 6.72 9,48 5.72  5.35 1.69 4,30 33,48 6.51  2.55

—6a80_ 1.75 5,37  50.65  9.41_ ReTL _2.8% _ 6.82 . _9.74

6.70

5408 __ 5,43 1,69 b4e31  J4.21 6.68_ 2.5 = .62

1.76  5.46 52.20 9,67 1.77 2,81 6.92 10510 5,05 5,52 1,70 4.45  35.26 6,86 2.62 .62

L6480 1,76 5,54 __ S3.78 _ 9.93 1,77 _ 2.82 - 7,02 10,61 | 6,21 S.60 1470 _ 4,52 _ 36,33 7.03 . 2.65 . _e62. . . ..
6,90 1,76  5.63 55,38 10.20 1,77 2.82 7.13 10,74 6,38 5.68 1.71  6¢59 37,41 T.21  2.69 .62

L7400 1.77_ 5,71 . S7.00 10047 1477 2,82 . T.23 11,06 6,55 5,76 1,71 _ .66 _ 38,51 7,40 2,72 . W62 .
7.10 7 1,777 s5.80 58.64 10,74 1,77  2.83 7,33 11,40 6.73  5.84 1.72  4.T3  39.62 7.58 2,75 .62

L Ta2Q _ 1a77 5,88 60.31 11,02 177 2.03 243 Lle23 6090 __ 5,93 1222 4400 40475 __TWlT 2,79 W62 . _
7.30  1.78 5.97 5200 11,30 1.77 2.83 7.53 12.07 7.08 6,01 1473 4,87 41,90 7,96 2.82 .62

L Te40 1,78 6,05 63.72. .. 11.59 1,77 2,83 7,63 _12.42 7426 6,09 1473 Lo9% | 43,06 8.16 2,86 _____ 062 ...
7,50 1.78 B.1t 65,46 11.88 1.77 2,83 T.74 12.77 745 6417 1473 5,01 &k,23 8,35 2,89 T.62

_Te60 1,78 6,22 687,22 . 12,17 1.76 _2.84 __ T.84 13,13 7463 6426 1474  S.08 _ 45,43 8,55 2,92 .62 ____ .
.70 1079 631 69,00 1247 La76 2,84 T.96 13,69 782 6434 La7k 5015  46.63 8.75 2,96 W62

~Laf0_ L.79 6.39. 7081

12427 176 2e04 8,04 _

13.85___ 0.01__ 6

242 1474 _5.22

o hT7.06 8,96 2.99 .62
e 7,90 1.79 6,48 T2.64 13.08 1.76  2.84 8,14 14,22 8.21  6.50 1.75 5,29 49,10 9,16 3.03 .63
0,00 . 1.79  B.%% 74,50 13,39 1,76 2,86 8.25 14,59 3,40 6,58 1.75 5,36 50,35 9,37 3.06 .. IS J
810 1,80 6.86% TN T 13,78 176 2.8% 8,13 14,97 8.60 6,67 1.75  5.43  S{,62 9.58 3.10 .63
8¢20.._ 1480 6,73 78,28 14,02 1.76  2.85 B.45 15,36 8.00 6.75 1476 _ 5,50 _ 52,91 9,80 3,13 . W63
8,30 1.80 6.82 80.20 16,36 176 2.85 8.55 15.75 9,00 6.83 1.76  S5.57 54,21 10.02 3.16 .63
Bab0 . 1.080 6,90 B2.19 14,66 _1a76 2,89 B¢6S._ 16,106 9621 6,91 __1.76  Sefh._  59.53_10,2% 3,20 .63
3.50 1.80 6.99 B4.12 14,99 1476  2.85 8.76 16.54 9.42 7,00 1.77  5.71 56,87 10.46 3.23 .63
LB.60 . 1,81 _ 7.07 86,12 : 15,32 1.76 2.85 8.86 16,96 9.63 7,08 1,77 5,78 _ 58,22 10,68 ; 3,27 . 3.
8.70  1.81 7,15 88,14 15.66 1.76 2,86 8.6 17.33 9.84 7,16 1,77 5.85  $9.56 10.91  3.30 .63
8e00 1481 Te2%.._ 90418 16,00 1,76 _ 2,86 _ . 9,06 _ 17,74 10,06 7.2% 1477 __ 5,92  60.9% 11,14 _3.3% 63 .
8.90 1.81  7.32 92.24 16434 1476  2.86 9.16 18.16 10,27  7.32 1.78  5.99 62,33 11,37 3.37 .63
_9200_ 1,81 7.4 96,33 16469 176 2,86 9.26.__ 18,58 30.49___T.41 1,78  6.06_ 63,75 11,62 3 3
9,10 1,81 7,49 CT 17,08 1476 2.8b 9.37 19,01 10472 7,49 1.78  be13 65,13 11.84% 3.4k .63
L9020, 1482 758 . 98,58 . 17,40 1.76 2,86 . 9,47 19,6k  10.94 7,57 1.78 6,20 66462 12,08 Joe0 .63
9.30 1,82 7 7.66 100,74 17.76 1.76  2.86 9.57 19.87 11,17 7.65 1.79  6.27 _ 68,08 12,33 3.51 63
J9.40. 1,82 7.7 102,92 _ 18.12 1,76 2,86 . 9.67 . 20,31 11,40  7.73 1479 _ 6,34 69.56 12.57 3,55 .63 .
9.50 1.82  7.83 105,12 18.49 1.75 2,87 9.78 20,76 11,63 7,82 1.79  6.41  71.05 12.82 3.58 .63
9460 1,82 7,91 _ 107,35 18,86 1,75 2,87 9,88 . 24,24 31.87__ 7,90 1,79 6,48 72,56 $3,07_ 3,62 263
9,70  1.82 8.00 109.60 19,24 1,75 2.87 9.98 21,66 12,11 7.98 1,79  6.55 74,08 13,33 3.65 .63 B
.9,80___1.82 6,08 111,88 19,62 1,75  2.87 10,08 22.42 12,35 8,06 1,80 6,62 75,62 13.58. 3.69 63 .
9.90 1.83 T 8.17 1t 18 20,00 1.75 2,87  10.18 22,56  12.59  8.15 1,80 6,69 77,18 13.84 3,72 .63
10,00 . 1.83 8,25 . 116,50 20,39 1.75 2.87 10.29 23,05 12,83  8.23 1.80 6.76 78,75 214.11 3.76 .63 __
10,107 1,83 ' 8.33 118,84 20478 1.75  2.87  10.39 23.53 13,08 8,31 1.80 6.82 80,34 14.37 3,79 .63
10,2 128 21017 3479 2,87 10,49 24400 _ 33,33___ 8.39.__1.00_ 6,89 _ 831,94 14.6 . k. I,
10,30 1,83 8.50 123,60 21.57 1.75 2.87 10.59 24049 13,58 8,47 1,80 6,96  83.56 14491 3.86 .63
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TABLE D-1V

SPECIFIC HEAT RATIO (GAMMA) = 1

2400

. AREA RATIO ACROSS THE OIVERGENT NOZZILE = 4.00

CCCIT{NOZZLE INLET CONDITIONS)))) 313303 (({{{SECONDARY SHOCK CONDITIONSI111))) ((PRIMARY TRANSHITTED SHOCK CONDITIONS))

SHOCK FLOW FLOW SHICX TEHP ZNDRY 2NDRY 2NDRY ZNDRY 2NDRY PRIM PRIV PRIN PRIH PRIN SONIC MACH NO.

MACH. . MAGH . VEL. STREN RATIO SHOCK FLOW FLORW SHOCK TEHP SHOCX FLOW FLOW SHOCK TEHP VEL. ..____BET, CONT.
NO. NO. RATIO HACH MACH VEL. STREN RATIO MACH HACFH VEL. STREN. RATIO RATIO AND 2NORY
PO NO. NO, RATIO NO. NO, RATIO SHOCK . ____._

Hs1 ML Ui/AQ0 PA/P0 TA/TO0 MS2 MR U2/A0 PR2/PQ YR2/T10 MSI__ M3 UI/RQ PI/PO_ TIATQ A3/AQ  HI(PRIME) .

2.20 710077 T1a6sT T 5008

1.86 2.78 294 2.69 33 .83 1.63 72 85" 2.87 f.41 1.19 <49
2430 1411 1.55 . 6.00 1.95 2.72 2.95 2.74 «38 .89 1.71 77 +93 . 3417 L1046 1021 W69 .
2,40 1.16 1.65 6455 ' 2.04 2.67 2.96 2.87 oul 9% 1.78 « 83 1.02 J.47 1,52 1.23 +50
212  2.1% 2462 2.97 2,96 .49 2991086 280 1.30 3,79 1.57 1.25 . .50
2.60 1.23 1.85 7.72 2.24 259 2.98 . "-3,00 +55 1.05 1.93 «92 1.18 “ell 1,63 1.28 «50
L2070 3e27 0 1494 8434 2436 2455 . 2499 . 315 0 .61 1.11 2,00 . .96 1,25 . bolb 1,69 1,30 _____ P2 SO
2.80 1.30 2.04 8.98 2.45 2.53 3.01 3,25 67 1.17 2.08 1.01% 1.33 4e81 1.75 1.32 51
290 1,33 2.13 . 9.64 . 2,56 2,50 3,02 _ 3.35 ... .73 1,23 2415 £,04 1,61 5,37 1,82 1,35 ___ . oSl ...
3.00 1.36 2422 10.33 2.68 2448 3,03 3,65 80 1.29 2.23 1.08 1.48 5.55 1.88 1.37 52
3.0 1,38 2,31 11.04 2,80 2446 J3.05 3.55 287 1,36 2,30 1a21 1,56 . 5.9%  1.9% L.%0 .52
3.20 1ebt 2,61 11.78 292 2444 3.06 3.65 «95 1.62 2.37 1.15 1.63 6.35 2.02 1.42 52
3030 1e%3 . 250 12,54 .. J.05 242 3.07 .. J3.75  _ _1.02 1.49 2e45 1418 . 1470 | 6476 2,09 _tetb . 52 .
3.40 1.45 2.59 13,32 3.18 2.41 3.08 3.85 1.10 1.56 2.52 1.21 1.77 7.19 2.16 1.67 52
3080 Le47 2468 14412 . 3032, 2640, 3409 ... 395 .. 118 . 1,63 2,60 1,23 t.AL Te63 . 2423 1,49 ... Uh L SR,
.60 1.49 2.77 14,95 J.45 2.39 @ 3.0 4.05 1.26 1.70 2.67 1.26 1.91 8.09 2,31 1.52 52
el a3l 2006 15,080 _ __ 3.60__2437 _ Je01 _ 4ef%__ 1ed6 1470 2,74 1420 1.98 8,55 _2.39._1.55 . . .53 ___
1,40 .82 2444 16,40 .74 Po0 3.1 he26 1.4) 1.006 2402 1.3 2.05 9.03 2.47 .57 53
3090 154 304 17459 Je8d 2436 Y.13 bedb 1.2 1.93 2,09 1.1) 12 . 9.52...2.45% _1.60____ Sy
4.00 1.55 3.12 18.5¢0 4.05 2.35 3.14 bold 1.61 2.02 2,97 1.35 2,19 10,03 2.84 1.62 «53
ha10_ 1457 ___3.21 . 190 0 4,20 2434 3,45 4.5 . 1,70 . 2.10 Jo06 . 1037 2426 30,55 2473 1.65 _ ______ 53
4,20 1.58 3.30 20,4t o ke37 2433 3.16 L.67 1.80 2.18 J.01 1.39 2.33 11.08 2.82 1.68 53
430 1,59 3.39 21,40 4,53 2433 J.A7 0 478 1.90_2.27 3409 LoD 2433 11,62 2,91 1.70 @ L83
Lot 1.60 J.08 22.42 . La70 2.32 3.18 4,03 2,00 2,36 3.26 1.42 2.46 12.18 3.00 1,73 «53
450 1,61 ..3.56 ... 23,46 . 4.88 2,31 3.18 . 4,98 2.11 2.45 Jo36 fabh 2,53 . 12.75..3,10 %76, ___. 53
4,60 1.62 3.65 24,52 5,05 2.31 3.49 5.09 2.21 2.5% Jobl 1,45 2.60 13.33  3.19 .79 53
bl 3,63 3T 25460 . .. 5423 2,30 .. 3.20 __ . 519 ... 20320, 2,64 3,48 147 .. 2,66 13.92..3029 . 1.81 ______ «S5Y .
4.80 1.606 3.83 26,71 5.2 2,30 3.21 5.30 2.43 2.73 3.56 1.48 2.73 14,53 3.39 .84 53
4490 1,55 3.91  2F.A4 . 9.61 2.30 3.21 . S.40_ 2.5% - 2,83 _3.63 1.50__ 2.80 15,15 3.50 1,87 .5}
5.00 1.66 4,00 29,00 5.80 2.29 .22 5.51 2466 2.93 3. 71 1.51 2,06 15,78 3.60 1.90 + 54
L Sel0_ 1467 __ %09 . 30.18 . 6.00 2429 3,22 . . 5.61 ... 2.78 .. 3.03 . J.T8 1.52 . 2,93 _. 16,43 3,71 1,93 . .54 ...
5.20 1.68 L Y4 31.38 6,20 2.28 .23 S5e72 2.90 3.10 3.85 1.53 2,99 17,09 3.82 1.95 «54
5030 1s60.___. be26 32,60 . 660D 2,28 3,23 .. 5.%2 .. 3,02 . 3e24 3093 1,54 . 3,06 ___. 17.76...3.93 1,90 . ... «Sho ...
5.40 1.69 4.35 33.85 6,61 2.28 3.20 5.93 3.15 J.35 4.00 1.55 3.13 18,44 4,05 2.01% «56
0 1.7 3 35,12 6,82 2,27 J.24 . 6a0% 327  Jehh_ 4,07 3,56 3419  19.14  4x16  2.04 aSb
5.60 1.70 k.52 36.42 T.06 2,27 3.25 6a14 3.40 3.57 bel5 1,57 3.26 19.85 4.28 2.07 o5t
GeT0 4T 4,60 I7e 76 . 7426 2,27 . 3.25 | 6.25 3.53 . 3,69 4022 1458 | 3,32 20457 _4.%0__2,10
5.89 1.7 4.69 39,08 Teb8 2,27 3.26 6.35 3.67 3.01 4.30 1.59 3.39 21.31 4,53 2
L5490 372 _hJTE L1 L Te71 2426, 3,26 . 6e4b . 3.80 3.92 4,37 160 _ 3,45 22.05._ 4.65__2
6.00 1.73 4,86 “1.83 T.9% 2.286 3.27 6.57 3.94 4o 04 boblb 1.61 J.52 22.81 4.78 2

6.20 1.73 5.03 be. 68

82426  3.27 66T 4,08 6,17 4,52 1,62 3458 23,59 .91 2,22 254

2.26 3.27 6.78 23 4.29 4e59 1.62 3.65 24437 5406 2,24 54
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BLAST WAVE PARAMETERS BEFORE AND AFTER A DIVERGENT

NOZZLE

SPECIFIC HEAT RATIO (GAMHA) = 1.400 -

_AREA _RATLO. ACROSS._THE. OIVERGENT NOZZLE.=__ &80 . . . e
CCCUCONOZZUE TNLET CONDITIONSII))12090) (CC{(SECONDARY SHOCK CONDITIONS)?31) 1) ((PRIMARY TRANSHITTED SHOCK GONDITIONS)Y
SHOCK FLOW FLOW SHICK TENP 2NORY ZNDRY 2NDRY 2NDRY 2ZNDRY PRIN PRIV PRIKM PRINM PRIN SONIC MACH NO.
MACH. ___MACH . VEL, _STREN . RATIO SHOCK FLON  FLON  SHOCK TEMP  SHOCK FLOW  FLOW SHOCK TEMP . VEL, ... BET. CONT.
NO. NO. RATIO HACM  MACH  VEL. STREN RATIO HACH HMACH  VEL. STREN, RATIO RATIO  AND 2NORY
e L NO, . NO, RATIO NO, NO, RATIO . . ... SHOCK__.____

M54 ML UL/A0  PR/PO T1/T0 M52

6,30 1.74 5,12 N 8.66 2,26 3.28
_6.h0 .74 5.20_ 47.62 . 8,91 2.25 3,28
6,50  1.75 5,29 49,12 9.46 2.25 3.28
__QLGL_l_LZL._SJ}L___E'OlﬁE__S- 51_2-25_}-2‘1
6,70 5,46 67 2,25 3.29
_s.an,hva.re .5 su_“_,ss ra ) q 93 2,25 3.29
6.90 1,76 '5.63 55,38 10,20 2.25 3,29
7.00 177 5.71_ 57.00 . 10.47 2.24% 3,30
7.10 1,77 s,s0 58.66 10,764 2,24 3,30

_T.20 1,77 5.88 60,31 11,02 2.2% 3.30

7.30 1.78 $.97 62.00 11.30 2.24 3.30
Teb0 1,78 6,05 63,72 | 11.%9 2.24 3,31
7.50 1.78 610 65.46 11,88 2.24 3.3

CTe60 1.7 6.22 . 67.22 12417 2424 _ 3,31 _

7.70 1.79 6.31 69,00 12,47 2426 . 3,31
ST laT 6,39 T0.88 12,77 2.24__3, 31

7.90 1.79 bott 77,064 13,08 2.73 3. 32
L 000 3479656 74,50 13,39 2.2) 3,32
8.10 1.80 6.65 76,38 13,70 2.23 3.32

8.30 1.%0 6.82 80,20 db.36 2,23 3.32

!l_h_l&__ﬁdn____bb_IS__l!uﬁﬁ_Z-ZJ__) 3
8.50 1.30 6.99 84,12 | 14,99 2.23 3.33
8460 ___1.81___7.07___ 86, 12 15.32 2.23 3.33
a.70 1.01 7.15 88,14 15.66 2.23 3.33

_9.20___.1.80____6.73 78,28 . 14,02 2,23 3.32

..8.00___1.81___ Te24_____90.18 16,00 2.23 3.33

8,90 1.81 7.32 92,24 16,36 2,23 3,33
900 1,81 7,41 9%, 33 16,69 2.23_ 3,33

9.10 1.81 7,49 b, bl 17,06 2,23 3,34
_.9.20___ 3.82___7.58 _ 98.S8 __ 17.40 2.23  3.34
9.30 1,927 7,66 100,74 17.76 2.22°  3.34
(9.00 1,82 7.4 102,92 18,12 2,22 3.3
9.50 1.82 7,83 "105.12, 18,49 2.22 3.3

9,60 1,82 7,91  107.35° 18,86 2.22 3,34
9,70 1.42 8.00 109.60 19.2% 2.22  3.34
.9.80, 1,82 8.08 111,88 19,62 2,22 3,34
9,907 1,83 7 8.17 T1tu.18 20,00 2,22 3.3

10,00 1.83 _8.25 __116.50 20,39 2.22 3.35

10,10 1.83 8.33 118.84 20,78 2.22 3.35

2la2l 21417 222 _Fa3% . 33409 _ 31,09 _

10,20 1,33 0,42 |
10.30 1.83 8.50 123.60 21,57 2.22 3.3%

M2 Ve/aQ  PR2/PO TR/10 MS3 M3

U3/A0 P3/PQ TI/10 A3J/AQ  MHI(PRIPED

6.80 .37 (YL Y4 4e67 1,63 3.71 - 25.17 S.17 2.27 1)
6.99 4.52 4,54 4 74 f.64  3.77 _ 25.98 5,31 2.30 . oS4
7.10 Lab7 4,68 4.81 1.65 3,00 26,81 S5.45 2,33 «Sh
TeZQ_ 4,03 4o81 4,09 1,65 3.90_ 2765  %5.59_R2.36____ 54
L7431 4.98 Ly 1) .96 1,66 3.97 28.50 S5.73 2.39 31}
Y I Selt 5.08 S.04 1,66 .03 29.36 5.87 2.42 . . «54 ...
7.52 5.30 5,22 S5.11 1.67 4.10 30.24 6.02 2,45 «Sb
.63 5.46 5.36 5¢18 1.568 belb | 31412  6.17 . 2,68 I L
TeTh 5.62 5.50 5.26 1.68 4,22 32.03 6.32 2.51 +54
7434 Sa79___ S.b4__ 5.3I__ l;ﬁQ_b-ZB__lZ-S&_JdZ_Z;Ek_Lik__
7.95 5.96 5.79 S.61 1.69 4,35 33.87 6.62 2.57 oS54
8.06 6,13 5.94 Se48 1.70 Gl __Ju.BL 6.78 2,60 ______. oS4 .
8.16 6.31 6,09 5.55 1.70 Lol 35.76 6.94 2,613 1]
8.27 Gel8 6,26 5,63 1470 %Sk ___ 36,73 7410 2,66 _ ____. 031 SO
8.38 6.66 6.39 S.70 .71 4.61 37.70 T.26 2,70 54
BB 684 6455 5.T8__1aT1__ Ye67 _ 30470 T.43 2073 54
N.59 7.0} b1 S.05 1.72 4,73 39.70 7.60 2.76 1)
8.70 T2t 6.87 %.92 1,12 480 40,72 77T . 2.79........ WS4 L
8.80 Tk T.03 6,00 1.73 4.86 41,75 7.9% 2.82 oStk
8.91 7,59 7420 6.07 1,73 _ 4,92 42,79, 8.11 2,85 _____ oS4 ________
9.02 778 7.36 6.15 1.73 4,99 43.84 8.29 2,88 11
el __ 798 T.93___6,22_ 174 5.05 b44.9L 9,46 2,91 .54
9.23 8.17 T.70 6,29 1.7% S.11 45,99 8,64 2.9% 54
9.34 8,37 7.87 6.37 1.74 5,18 47,08 8,83 2,97 . ___ F3-1 T
9.45 8.58 8.0 Bolble 1475 5.26 48.19 9.01 3,00 1)
9.55 . 8.78 . 8422 _6.52 1475 5,30 .. 9.31 9.20 _3.03 ____ .54
9.66 8.99 8.060 6.59 1.75 5.37 S0.44 9,39 3.06 54
9,77, 920 8.58 6,66 1,75 5,43 51,59 9,58 .09 . .34
9.00 Yot 877 6.74 1.7¢ 5.49 5274 9.77 3013
D998 . 9.62 | 8.95 _ 6.81 1.76 5.55 . 53.91 9.97 __3.16
10,09 984 9.14 6.89 1.76 5.62 55.10 10.16 3.19
10,20 . 10.05  9.32  6.96 1.76  5.68 _ 56,29 10.36 3.22
10.30 10.28 9.52 T.03 .77 5.74 5750 10.56 .25
10,400 10,50 _9.74_ TetL_ 1e77  5.8% 58,72 10,77 3.28
10,52 - 10.72 9.90 T.18 1.77 5,87 59.96 10.97 3.3t
10.63 10.95 10.10 T.26 t.77 5.93  61.20 11.18 3,34
10.73 11.18 10.30 T.33 .78 6.00 62.46 11,39 3,38
10.84  11.41 10,50 7.40 1.78  6.06  63.73 11.60 3.41 .
10.95 11.65 10.70 Te8 1.78 6.12 65.02 11,82 J.&b 117
1090 7455 1274 6,18 66e32 12503 Jeb
11.16 12.12 11.11 7.63 1.78 6.25 67.63 12,25 3.50 St
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BLAST WAVE PARAMETERS BEFORE AND AFTER A OIVERGENT NOJILE

TABLE D-V

SPECIFIC HEAT RATIO (GAMMA) = ' 1,400 o
_ AREA RATIQ ACROSS THE OIVERGENT NQ2ZLE = 5,67

(CCCOINOZZLE INLET CONDITIONSIIIIY)D1)) (41 ( (SECONDARY SHOCK COMOITIONS)))IND) ((PRIMARY TRANSHITTED SHOCK CONDITIONS})

SHOCK FLOW FLOW SHICX TEHP 2NORY 2NODRY 2ZNORY 2ZNDRY ZNDRY PRIM PRIV PRIM PRIN PRIN
MACH. .. HMACH . VEL. . _ STREN RATIO SHOCK FLOKW FLOM SHOCK TEHP SHOCK FLOW FLOKN SHOCK TENP
NO. NO. RATIO HACH HACH VEL. STREN RATIO HMACH HACH VEL. STREN. RATIO
emmmae o cem e e emeieon - PO NO. NG, RATIO NO, NO . RATIO .

SONIC
VEL, ..
RATIO

MACH NO.

.BET, CQNT..

AND ZNORY

2,20 1,07 1S 5,48 't.s6 3.30 3.31 2.80 .19 71 1,49 .60 .68 - 2,36 1.31
.2.30___ 1.11_ . 1.55 5.00___ _1.95 3,24 3.32 2,89 .22 W76 1,56 .86 L 17 | 2.61__1.36
2.40 1,16 1,65 6.55 2,06 3,18 3.33 2.99 .25 .80 1.63 .71 .85 2.86  1.41
— 2250 Le20 .75 2432 2.1% 3413 334 3408 .28 L85 3.70 .77 .92 _ _3.13 1,46
2.60  1.23  1.85 7.72 2.2%  3.08  3.35 . 3.18 " 32 W90 1.77 .81  1.00 3.40 1,51
L2eT0_ 1027 1.9% . B34 234 304 3,36 * 53,28 . . 435 . .95 . 1,83 486 1,07, .. 3.69. 1,56
2.80 1,307 2,04 5.98 2.45 3,01 3.38 3.38 .39 1,00 1,90 .90 1,15 3.98 1,61
(%90 3,33 2.13____. 9.64 . 2456 2,98 _ 3.33 3,48 . 43 1,05 1497 . 9% . 1,22 .29  1.66 .
3,80 1.36 2.22 10,33 2.68 2,95 3.0 3.58 w7 1.11 2,04 .98  1.29 W61 1,72
3.0 1,38 2,31 0 11,04 2,80 2,93 3.2 3,68 .51 1,06 2.10 1,02 1,36 .93 f,77 1.33 .48
3.20  1.41 2,61 11.78 2,92 2,91 3,43 3.78 .55 1.22 2.17 1.05 1,43 5.27 1.83 1,35 Y
L3030 1,643 ...2.50__.. 12.54 . _.. 3.05 2,89 3.4 . . 3,89 . .59 128 . 2424 1409 1,49 . 5,62 1,09 1,38 .48 .
3,40 1,45 2.59 13.32 3.18 2,87  3.u5 3.99 V64 1,36 2,31 1.12  1.56 5.97 1.95 1,40 W48
L3050 1,07 2468 . t4e12. .. 3432 2485 | 3446 . %.09 . 469 1,40 2,37 1,15 1,63 . 6.34. 2,02 1,42 _.____. o8
3.60  1.49 2,77 14,95 3.45 2,84 3.47 4.20 .73 1446 2.84% 1417 1.69 6.72 2,08 1.4k 49
—3a70 1.5% 2,86 15,80 3.60 2,83 _ 3.49__ 4,30 .78 1,52  2.51 _1.20__ 1.76 7412 2,15 1,47 149
3.80 1.52  2.95 16,68 3.76 2.81  3.50 PR Y 1.59 2.58 1.23 1.82 7452 2,22 1.49 .49
L3490, 156 3.0 17.58 . 3,89 2,80 . 3,51 8452 . 489 . 1466 2,604 1425 1,89 _ 7.93 . 2.20 _1.53.._____. L DO
%00 188 3.t 18,90 %, 08 2,70 3,81 w82 9 1.73 2,71 1,27 1.98 8.35 2,36 1.54 .49
ka0 1657 3,28 19,44 4,20 2,78 3,52 o3 1,00 1,80 2,78 1.29 2,02 . 8,78 2.43 1,56 ______. X
€.20  1.58  3.30 20,41 T 4,37 2477 3.53 4,83 1.05 1.87 2,85 1.31 2,08 9.23 2,50 1.58 49
430 1,59 3,39 21440 " 6,63 2477 354 . .94 1. 1% 1.95 2,92 1,33 214 9.6A__2,58_ 1.61 249
4e40 1,60 3,48 22.42 - 4470 2.76  3.55 5.05 1.17 2,02 2.98 1.35 2,21 10415 2,66 1.63 Y
_4.50.__ 1,61 . 3.56 23.46 . 4,88 2,75 3,56 5.16 1.23 2010 3,05 5437 . 2,27 .. 10463 2,74 1466 ... %9 _______.
4,60 1,62 3,65 26,52 5.05 2.75  3.56 5.26 1.30 2.18  3.12 1,39 2,33 11.11  2.82 ' 1.68 NT)
CaT0 1463 3 Th . 254060 . 5423 2474, . 3457 . 5437 . 1436 ... 2,26 ... 3,19 3.40 2,39 . 11.60_.2,90 . 1,70, _____. T T
4,80 1.64 3,83 26.71 5,42 2,73 3.58 5.48 1.42 2,36 3.25 1,42 2,46 12412 2,99 1.73 .49
~ba90 1,65 3,91 27.084  5.61 2473 .S58 5.59____ 1.49_ 2,43 3.32 1,43 2,52 12.b4 3,08 _ 1,75 .49
5.00  1.66 4400 29.00 5,80 2,72 3.59 5.69 1,56 2.52 3439 1,45 2,58 13,17 3. 17 1.78 49
L5410 1467 ____ 4,09 30,18 _ . 6,00 2.72 3,60 5.80. .. 1.63 . 2,60 .. 3,46 1.46 2,66  13.71. 3,26 ..
5,20 1,68 4.7 31.38 6,20 2,72 3.60 5.91 1.70 2.69 773,52 t.48  2.70  14.26 3,35
5030 1,68 ___ .26 32.60 . 6,40 2,71 3,61 6.02 _  1.77 2,78 . 3,59 1,49 2,76 14,82 J.hb
5:.640° 1.69 .35 33,85 6,61 2,71  3.61 6413 1,84 2.88  3.66 1,50 2.82 15,39 .54
—22510 1.70 4,43 30002 64082 2,70 3.62__  6.2% . 1,92 2,97 ___ Y 73_ 1.5% 2,88 15,98 3,64 1,91 250
5.60 1.70  %.52 36,62 7,06 2,70 3,62 6034 1.99 3,07  3.79 1.52 2.9 16,57 3.74 1,93 .50
L5070 1aTh__be60 . 37,74 7426 2,70 3,63 6,45 1 2,07 . 347  3.86 1,53 3,00  17.17 _3.86 196 . oS0 _____
5,80 1,71 4,69 39.08 7T.48 2,69 3.63 6.56 2.15 3,27 3.93 1,54 3,06 17.79 3.9  1.98 .50
L5090 NaT2.. &eT8 . MO0olkb __ _TJTt 2469 3,63 6.67 _ 2,23 3.37 . 4400 1,55 .12 88,68  4a0k 2001 . o5Q...__..__
.00 1,73 4,86 €1.83 7,96 2,69  3.64% 6.78 2.31 347 6e07 1,56  3.16  19.05 .15 2.04 +50
S 4).26 0 8,18 2,569  J.6h4 6409 2.40 358 4,13 1,57 3,24 19,70 4.26 2,06 250
6.20 1,73 5.03 44,68 8.42 2.68  3.65 7.00 2.48 3068  ©.20 1,58 3,30 20,36 .37 2,09 .50
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"aLAst WAVE PARAMETERS BEFORE AND AFTER A DIVERGENT

NOZILE

SPECIFIC HEAT RAYIO (GAMMA) = 1.400
..AREA RATX0..ACROSS_THE.UIVERGENT NOZZLE = 5467 .

NOZZLE IN DITIONS) 31303111} (L ((SECONDARY SHOCK COMDITIONSI!III)) C(PRIMARY TRANSMITTED SHOCK CONOITIONS))
SHOCK  FLOW  FLOW SHICK TEMP  2NORY 2NORY  2NDRY  ZNDRY  2NORY PRIM PRI} PRIN PRIM PRIMN  SONIC MACH NO,
JMACH . MACH .. VEL. ... STREN RATIO SHOCK FLOW FLOW SHOCK  TEMP  SHOCK FLOW _ FLON  SHOGK _TEMP. _ VEL,. . _.. BEVs. CONT.
NE, NO, RATIO MACH  HACH VEL. STREN  RAYIO MACH MACH VEL., STREN. RATIO RATIO AND 2NORY
e L HO, NO, RATIO NO, NO, . _RATIO U e SHQCK._____.
Ms1 M1 UL/ZAQ _PireQ T1/70 __HS2 M2 U2/A0___P2,PO_ T2/TQ MS3 M3 U3I/AQ P3I/PQ T3I/TQ AN/AQ . MI(PRIMEY
6,30 1.74 5,12 oot 8.66 2.68 3.65 7.11 2.57 3.79 4027 1059 2.36 21,03 &.48 2,12 +50
64D .78 5,20 4T.62 .91 2.68 3.65 7,22 2,65 3,90 We3% 1ebd | 3.02 2171 4,59 2414 . -1
6.50 1.75 5.29 49,12 9.16 2.68  3.66 7.33 2.74% Wo01  hat%D 1,60  3.68  22.%0 4,71 2,17 «50
—6a60 _1e75. S.3T._ 50465 941 2467 3466 " Tebh 2,83 4,13 __4ebl La63__3.Sh_ 23,10 4,.8% 2,20 .50
6.70 1.76 5,46 52,20 9.67 2.67 3,66 . 7,55 2.92 Ge26 koS54 1,62 3,60 23.81 4,9 2,22 «50
6480 __1.76__ 5,54 53.78 . 9,93 2.67 3,67 -'7.65 _3.02 .36 .61 1463 3.66 _ 24,53 5,07 2,25 _____, S0
6,90 31.76 5,63 55.38 10,20 2.67  3.67 T.76 3.1t 6,48 4,67 1.63 3,72 25,26 S5.19 2.28 «50
L Te00 1477 S.TL ... 57.00 10467 2,67  3.67 7,87 _ 3,21 o0  4e?4 Lebb 3,78 . 26,01 5,33 2,30 . 050 ...
7410 1.77  S.80 S8, 6% 18.76 2.67  3.67 7.98 3,38 672 weB1l 1eB% 3,86 26.76 5,4k 2,33 «50
_l;zsL__hu_LM_ﬂd;u;nz_hﬁL_h_u—_e 09 404, ai_tnu_h_ﬁs_hn 9. 27,53 $.57 2,36 .50
7.30 1.78 5,97 62,00 11,30 2.66 3,68 8,20 3.50 497  4.95 1.66 3,95 28,30 5,69 2,39 «50
CTeh0 . 1.78. 6,05 63472 .. 13459 2.66 __3.68 8.31 3,60 $.10 5,01 1,66  4e01 . 29.09 5,83 2.4t ____. SO
T.50 1,78  6.1b 65.46 11.88 2.66 3,68 8,42 3.70 5423 5,08 1.67 4,07 29,89 5,96 2.44 «50
STe60 1078 6,22 67.22 . 12,17 2,66 3,69 __ 8,53 . 3,81 _ 5.36  S.15 1.67 _ _ 4.13 30,70 6.09 2,47 .SQ_________
To70  1.79  6.31 69,00 12,47 2.66 3.69 8,64 3.91 5.49  5.22 1.68 4,19 31,51 6,23 2.50 «50
0 1.73 6,39 0.8 12.77_ 2466 3.69 Bela a2 5,63 ___ 5428 _1abB_ 4,25 32,34 €.37 2,52 250
Te80 1,79  6.48 T2.64 13.08 2,65  3.69 8.86 4,13 5.76 5435 1469 4,30 33,18 6,51 2,55 250
_ 0400 1479 . 6,5h Th. 80 13,39 2.65 3,69 8.97 by 24 5.90 5,42 1,69 4,36 I 03 6.65 2.56 ... W50, ...
nel0 1,80 a,nn s 14,70 2.6% 3,70 9,08 (Y9 1] L06 B89 1470 L,42 34,90 6,79 2461 «850
,_;.zn_"_n.so_",s.rs . 78,28 . 14,02 2.65 3.70 9.19 L hekb 6e18 5056 1470  Wo48 . 35,77 6.94 2,63 _______ 50 .
8,30 1,80 6.82 80,20 “f4.34 2465 3.70 9.3 4.57 6.32 5462 1.70 4456 36,65 7,09 2.66 «50
Babl 1,30 6,90 82,15 14,66 .2a65 _ 3e70__ _9ahl__ &.69__ 6,47 $.69_ 1471 4,60 37.55_ 7,24 2.69 250
8,50 1.80 6,99 B8h.12 - 1#,99 2,55 3.70 9.52 .80 662 54,76 1.71 4,65 38,45 7,39 2.72 +50
- 8+60 ___ 1,83 7,07 86,12 : 15,32 2.65 3,70 9,63 .92 6,76 5483 1472 4?8 39,36 7,54 2475....__ «50_ ...
8.70 1,81 7,15 8.1t 15.66 2465 3.71 9.74 S.04 6e91 5489 1472 4477 40,29 7,69 2,77 .50
S BaB80 3481 7424 .. 90418 16,00 2.65 . 3,71 _ 9,35 S.16 To07 5,96 1472 . %483 41,23 7,85 2,80 ___ S0
8.90 1.81 7,32 92,24 16.34 2.65 3,71 9.96 5.28 7022 6403 1473  4.89 42,17 . 8,01 2.83 .50
~2a00 1,81 7,61 . 94,33 16469 2468 _ JaTL 10,07 5,40 7,37 6,30 1.73 _ 4,94 43,13 a,1
9.10 1,81 7,49 964 bk 17.04 2466  3.71 10,18 5.53 7.53 6416 1,73 5,00 44,10 8,33 2.89 «50
9620 3.92_._.7.58.. . 98,58 . 17,40 2.6% 3.71 10,29 5.65 7,69  6.23 174 5,06 . 45,08 8,49 2,93 ... .50 __
9430  1.82  7.66  100.74 1776 2466 3,71 10,40 5.78 7.05  6.30 1474 5,12 46,07 B.66 2,94 .50
940 1.82 7.4 102.92 18,12 2.64  3.71  10.51 5.91 0,01 6.37 .74  5.18  47.07 8,83 2,97 .50 .
9.50 1.82 7.83 105,12 18.49 2466  3.72  10.62 6e04 8.18  6e4b4 1475 5.23  48.08 8.99 3.00 .50
9260 1,92 7,91 807.35 18,06 2664 3.72___ 10,78 6417 8434 6450 1475 5.29 49,31 9+16_ 3.0
9.70 1.82 8,00 109,60 19.26 2,64 3,72 10.8% 6430 8,51 6,57 1475 5.35 50,14 9,34 3.06 °S50
.9.00 1,82 _ 6.08 111,88 _ 19,62 2.64 3.72 10.96 [T 8,68  6.64 1475 5,41 51,18 9,51 3.08 50 ...
9.93  1.83 8.17 114,18 20,00 2464  3.72 11,07 657 8.85  6.71 1476  S.ub 52,26 9.69  3.11 .50
.10,00 __ 1.83 _ _8.25 116.50 20439 2.64 3,72 11,18 671 9402  6e77 4476 5,52 53.30 9.86 3.14 .50
10,10  1.33 8,33 118,84 20478 2.64 3,72 11,29 6.85 9419 6484 3476 5.58 54,38 10,04 3,17 «50
40,20 . 1,83 A.42 124,28  21.47 2064  FeT2__ $34%0_ 6499 _9.37___ €e91 176 5,64 55,46 10.22_ 3,20 .50
10,30 1.83 8,50 123,60 2157 2464 3,72 11,51 7.13 9e55 6098 Le77 5,69 56456 10.41 3,23 «50
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BLAST WAVE PARAMETERS BEFORE AND AFTER A DIVERGENT NOZILE

TABLE D-VI

SPECIFIC HEAT RATIO (GAMMA) = 1,400
_AREA RATI0.ACROSS THE OIVERGENT NOZZILE = T.50

"CCCLC(NOZZLE INLET CONODITIONSI))3)) 1001 (1¢ ((SECONDARY SHOCK CONDITIONS))111)) ((PRIMARY TRANSHITTED SHOCK CONOITIONS))

SHOCK FLOM FLOW SHICK TEHP 2NORY 2NORY 2NORY 2NDRY 2NORY PRIN PRIY PRIN PRINM PRIK SONIC HACH NO.

HACH.__.. MAGCH . VEL. STREN. RATIO SHOCK FLOW FLONW SHOCK TEMP SHOCX FLOW FLOW SHOCK TEMP VEL. . BET, CONT..
NO. NO. RAT IO MACH HACH VEL. STREN RATIO MACH MACH VELs STREN. RATIO RATIO AND 2MNDRY
...................... e e s NO. NO, RATIO NO, NO, RATIO. c..-.-SHOCK ... ...

2.20 1.07 1.45 S.48 1.86 3.77 3.61 2.87 .13 v63 1,38 49 «55 2,00 .24 1,12 ol
.2 30 tet1 1,55 6,00 1.95 3.69 3.62 2.97 elt 67 145 «56 +63 2621 1429 1413 ... bl
2440 1.16 1.65 b+ 55 2.04 3462 3.63 ‘3.06 16 71 1.51 «61 oT1 2.43 1433 1415 k5
2450 120 .75 Jad2 _ 2.44 J3.57 3. 6‘-_._:.1&___.19__.75___1.51__&1___ TA 2466 1437 __1edl . a8 .
2.60 1.23 1.45 T.72 2.26 3.52 3.65 " - "3.26 «21 .80 1,64 12 .85 2.09 f.M1 1.19 oS
LT 2027 1e9% o 8434 . 2434 3ab? 3+66 336 L a3 0 086 R70 o770 493 3.4 Lak6 1421 e85 .
24080 1.30 2.04 8.98 2,45 3,43 3,68 J.46 .25 89 176 «81 1,00 3,39 1.50 1.23 «45
€690 1,33 2413 . 9.64... . 2.56 J.40 3469 . 3.56 . __ .28 . 93 1483 . . .85 1.06 _ _J.65 1,55 1.25 ... .. a6 .
3.00 1.36 2,22 10.33 2.68 3.37 3.70 3.67 o34 98 1.89 «90 1.13 3.9 1.60 1.26 W46
~3a20 1,38 _2.31 t1.04 2,80 34 J.T2 3P  a33 2a0F_ 1499 293 1.20 4,24 1.65 _1.28 W46
3.20 1ok} 2oy 11,78 2.92 3.32 3.73 3J.ar7 «36 1.08 2.01 «97 1.26 4,50 $.70 1,30 kb
303000 Le3 L 2.50 12254 . 3,06 3.29 . 3.74 . 3,98 ...039.. 1,13 2,08 1400 1,33 . 400 4,75 .%.32. a6 ..
3. 60 1.45 2.59 13.32 3.18 3.27 3.75 4.08 b2 1.18 2.16 .04 1.39 5,10 .80 1.34 L1
L Fe%0 . 1047 2,68 . 16,32 ... 3,32 3.26 3,77 419 ... 45 . 1,24 2,20 1407 1,46 .. 5.42..1.86 1,36 _____ OL 1 S
3.60 1.49 2.77 14.95 J b5 Je26 7 3,78 Wl ok 1.29 2426 1.10 1.52 5.75 1.91 1.38 w46
S3al0_ 1.58_ 2486 15.080__  3.60__Je22 3,79 _babl_ .51 1,35 20330013 14508 608 1.97  1.40_ . .46
.00 1,82 2.9% 16. 68 J. 76 Je21% 3.80 .51 55 1ebd 2.39 1.15 1.64 6,43 2,03 1,42 46
S3a90 . 1,96 3.0k . 17.58 J.09 3.20 3. 01 4,62 . . W88 1.47 2,45 L0180 1,70 6,70 2.09. 1,45 . Y . JOURUOS
4,00 1,55 3.12 186.50 4.05 3.19 3.82 4.73% .62 1.53 2.51 1.20 1.76 Tos 2.15 1.47 b7
kel 1,57 . 3.21 . 19+ 0k . " 4,20 3418 3,83 483 . 465 . 1,59 2,53 1423 1.62 . __7.51 . 2.21 _ 1,49 __ __. el ..
4a20 1.58 3.30 20. 61 ,‘ 4,37 .3.17 3,84 b9 «69 1.66 2.6 1,25 1.88 7.90 2.28 1.51 o4l
9 339 20a60 - 4,53 Jelb 3,85 5405 o aF3¥_ 3732470227 _3e94% 84292435 1453 _at7 —_
40 1.60 RPYY § 22.42 - 4.70 3.19 3.85 Seld o7 1.79 2.76 1.29 2,00 8.69 2441 1,55 7
450 1,61 . 3.56 .. .23.46. .. 4,88 .14 3.86 527 . . .01 1.86 2,83 1,31 2,06 ____. 9.09 2,48 1,508 ... L} A
4.60 1.62 3.65 24.52 5.05 3.13 3.a7 S.38 85 1.93 2.89 1.33 2,12 9.51 2.5 1.60 b7
PULTR £ DU U - JUNR Y L SOTO 25460 . .. 5023 313 . 3,08 .. 5.49 ... .. <89 ... 2,00 2,95 .1.34 ___2.18 . 994 . 2,62 1462 ____. M7 .
.80 1.64 3.83 26,71 Se42 3412 3.08 5,60 93 2.08 3.01 1.36 226 10,37 2.70 1.64 W47
490 1,65 3.91 . 27.8%  S.61 331 3,89 SaFL . L98 2,15 3.0 1.3A 2,29 10.82 2477 .66 a4F
5.00 1.66 L. 00 29.00 5.80 3.11 3.90 5.02 1.02 2.23 3.1 1,39 2.35 11.27 2.85 1.69 47
L.5a10 1,67 4609 . 30.38 ... 6,00 3.10 . 3.90 . . 5.93 ... 1407 (0 2431 3,20 1ol | 2443 13474 .2,93 %78 .. AT
5.20 1.68 hot? 31.38 6.20 3,10 3.9 6004 1.11 2439 3.27 1482 2.47 12,21 3,01 1,73 o7
L9030 1,68 __ 426 . 32.60 . . 6460 3,09 . 3,91 | 6415 1436, 2047 . 3,33 1oy 2,52 12,69 _3.09 _1.76 . __._.. PL T A
Se 4l 1.69 4e35 33.85 6.61 3.09 J.92 6426 1.21 2.55 3.39 t.45 2.58 13.18 .17 1.78 "y
0 1.70 __4%.43 3 AAL___&JLJAUQ_le.__J-SL__iJﬁ__JAﬁL_ldi_L;Aﬁ__Z-ﬁH_iMA_] 2_ 1,80 .47 @000
5.60 1.70 4.52 36042 T.06 3.08 3.93 baba 1.31 2.72 3.52 147 2,69 14419 3,34 1,83 47
Se70... 1,78 .. 4e60 37.7T4 . 7.26 3.08 3.93 6.59 1.36 2,81 3,58 1,49 2475 The78  Job2 1,085 b7 .
5.80 1.7 L.69 39.08 7T.48 3.07 3.94 6.70 1.61 2.90 J.64 1.50 2.81 15.24 3.51 1,87 o7
L5090 L LeT2. Wl T8 . k04 bk To71 3,07 _3.9%  6.81 1,46 2,99 3.70 1.5% 2,86 . 15,78 3.60 1,90 LT S
6.00 1.73 4.86 41.83 7.9 .07 3.95 6.92 1.52 3.08 3.77 1.52 2,92 16,32 3.69 1.92 o7
—fal A 3.0 2 03 1.57 JuAT._ J4A3 1453 2.9
6.20 1.73 5.03 hb.68 8.42 3,06 3.95 T.15 1.63 3.27 3.89 1.54 3,03 17.45 3.88 1.97 oh?
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BLAST WAVE PARAHETERS BEFORE AND AFTER A DIVERGENT NO2ZLE

SPECIFIC MEAT RATIO (GAMMA) = 1.400
AREA RATIO ACROSS THE DIVERGENT NOZILE = 7,50

TOCCCCCNOZZLE INLET CONDITIONS)I)3)) 1) 310 ((ISECONDARY SHOCK CONDITIONSI )11 1) { (PRIHARY

SHOCK FLOW FLON ~ SHICK TENP ZNDRY 2NDRY 2ZNORY

TABLE D-VI (Cont.)

TRANSHITTED SHOCK CONDITIONS))

ZNDRV 2NDRY  PRINM PRIV PRIM PRIM PRIN SONIC HACH NO.
_HACH MAGH .. VEL. STREN RATIO SHOCK FLOMW FLOMW SHOCK  TEMP  SHOCK FLOW  FLOM SHOCK TEWP  VEL, ____. BEY, CONT..
NO. NO, RATIO HACH HACH VEL. STREN RATIO MACH MACH VEL. STREN, RATIO RATIO AND 2NDRY
. NO, No, RATIO NO, NO . RATIO . . . . ......SHGCK
MS1 . WL UL/AQ  PI/PO0 TR/ZT0 MS2 M2 URsAD P2/PQ 12770 HS3 H3 VIZAD P3/PQ  T3/10 AJ/ZAQ  MI(PRIMEY
e s - - - .- - .- - -
6.30 .74 g2 46,14 8.66 3,06 3.96 7.26 1.68 3.36 3.96 1.55 3,09 18.02 3.98 1.99
BelD 1.7k 5420 . W7.62 8.91 3.05% 3.96 737 1a70 346 4.02 1456 J.16  _18.60  4.08 2,02
6,50 1.75 5.29 49.12 9.16 3.05 3.96 Tatb 1.a0 3.56 .08 1.56 3.20 19.20 .17 2,04
— 6260 1,75 5,37 50,65 9,41 3.05__ 3.97 2259 1,06 3,66 4all 1,57 3.25 1980 8427 2,07 .41
6.70 1.76 Sabb 52,20 9.67 3.05 3.97 “, 7e 70 1.92 376 .21 1.58 3.31 20,41 4,38 2,09 e
_B.A0 . 1,76 S.5& 53,78 9.93 3.04 . 3.97 - 7.8t 1.98 3.87 6,27 1459 3,36 21.03. 448 .12 46T .
6.90 1.76 5463 55.38 10,20 3.0 3.9 7.93 2.04 3.97 4633 1460 3,62 21.66 K.59 2.14 b7
700 . 1,77 S.71 . 57.00 __ 10.47 3.06 _3.98 8,04 2.11 4,08 .39 1.60 _ 3,47 _ 22430, 4.69 2,17 . _ IS
7.10 .77 5.80 58.6%4 10,76 3,04 3.98 8.15 2.17 4.19 bod6 1,61 J.53 2294 4,80 2.19 oh?
La20_ 1,77 5400 60.!1__11:02_3-0&_’:95 e Be26 2,23 4e30_ 8,52 1462 350 23.60__ 4,94 2422 . 4Nl
7.30 178 5.97 62.00 11,30 3.04 3.9 8.37 2.30 bobl 4.58 1.62 3.64 24227 5,02 2,24 bl
JTet0 . 1,78 6,05 83.72 11,59 3J.03 3.99 8,068 2.37 4.52 4.65 1.63 3.69 2694 _ S.13 2,27 ... b7, ..
7.50 , 1.78 6.1t 65,46 11,88 3,03 3.99 8.60 2.463 bbb bel71 1.64 3.75 25.63 5.2 2.29 oh?
_7.60 1,78 6.22 _ 67.22  12.17 3.03 _ 3.99 8.7t 2.50 W75 WoTT 1464  3.80 26432 5.36 2432 . % 2N
7.70 1.79 6.3% 69.00 12,47 3.03 k00 8.82 2.57 “.87 b.83 1.65 J. 06 27,02 S.68 2.34 b7
T80 4,79 ©.39_ 70.B1_ 12.77 5-01.___'1-9D._9-9) 2efl__ 499 4490__1.65 3491 __ 27.7%  5.60_ 2:37 .41
7.90 1.79 6ol 72,64 13.08 3.03 La0 9.04 2.71 S.11 %.96 1.66 3.96 20,46 5.72 2.39 47
8400 ___ 3.79._..6456 _ 74,50 13,39 3.03 .00 9.16 2.78 5.23 $5402 1466 4402 | 29019 5486 2442 . aMT._________
8.10 1.30 6.65 76.38 13,70 3.02 beo00 S.27 2.86 5.36 5.08 1.67 4,07 29.93 5.97 2.44
8.20 1,80 ___6.73 78.28  _14.02 3.02  &.01 9.38 _ 2.93 548 5.15 1.67 4,13 30,68 __6.09 2.67 __
8.30 1.80 6.82 80.20 14,34 3.02 ho01 9.49 3.00 5.61 5.21 1.68 LYRY ) 31,43 6.22 249
Ba40 1,80 6,90 82435 | 184,66 3402 8.03_ 9460 3,08 ____ S.74__ 5,27 _1.60_ 4, Zk__JZLZQ_.ﬁdL_ZAEZ___A_‘LL__
8.50 1.80 ©.99 84,12 © 14,99 3.02 W01 9.72 3.16 5.87 Se34 1.869 4.29 32.98  €.u7 - 2.54
0,60 1,01 7.07 86.12" 15,32 3J.02 ho02 9.83 3.23 6.00 S.40 1,69 bo34 | 33,76 6,61 2,57
8.70 .81 T.15 8. 1% 15,66 3,02 4001 9.94 3.31 6.13 S.4b 1469 Lob0 34,56 6.74 2.60
8480 3081 Te24 . 90.18 16,00 3,02 4,02 10.05 3.39 6,27 | 5.52 1,70 4,45  35.36__€.,87 2.62 ___
8.90 1.81 T.32 92.24 1636 3,02 4.02 10.17 3.47 6,40 $.59 1,70 4,51 36,18 7.01 2.65
JJ,QD_LLQL__LLQI___?!NJL_JQIQS__:V]__'!J.V@‘Q'ZQ_,JIEL_§15§__§\QLJLZX_“45§___1_IQQ___LL
9.10 1.91 T.49 9b. 4k 17.06 3,01 02 10.39 3.63 6.68 7t 1.71 461 37.83 7.28 2.70 b7
3,20 3.82____Te58  _ 98,58  17.40 3.0% a 02 10.50 3.72 6.82 5 TT .71 4,67 < 38,67 Tot2 - 2472 " obb. ..
9.30 1.82 7466 100.74 17.76 3.01 heD2 10.614 3.80 6496 5.00 1472 w72 39,52 7.57 2.75 4?7
9440 ___1.82___T.74 __ 102,92 18,12 3.01 .02 10.73 _  3.88 Toll 5,90 1472 & T8 40,38 F.71 2.78 67
9,50 1.82 Te83 105.12 18,49 3.01 4.03 10.84 3.97 7425 5496 1,72 b.83 41,25 7.85 2.80 oh?
_9.60 1,82 7,91 107,35 18,86 __3.01  6.03  10.95____ 4.06_ 7,40 6,03 1,73 4,80 42,12 8,00 2,83 _ - 67
9.70 1.82 8.00 109,60 19,24 3.01% o003 11.06 ball 7.55 6.09 1.73 e 9% 43,01 8,15 2.B5 o7
_9.80 . _1.82__ 8.08 _ 111,886 19,62 3401 .03  1i.18 6,23 7070 6415 1,73 4,99 43,91 8:30 2488 - 447
9.90 1.53 8.17 114,18 20,00 3.01 “e03 11.29 4e32 7.85 6.21 1.74 S5.04 blaB1  8.45 - 2.91 ak?
10,00 ___1.83 8425 . 116,50 20,39 3.01  #.03 1140 PO 8.00 6,28 1474 5,10 45,73 8,60 2,93 wr o
10.10 1,83  8.33 118, 84 20,78 3,01 .03  11.51 4,50 8.16 65434 1,74 5.15 46,65 8,79 2.96 sl7
10,20 1,83 8.62 121,24 = 23,17 3.01_ _4.0) 131.63 He59 8030 __6a40_ 1,28 5.2 :
10.30 1.83 8.50 123. 60 21.57 3.01 4.03 11.74 4,69 8.7  Bo4b 1475 5,26 48.52 9.07 3.01 1114
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BLAST WAVE PARAMETERS BEFORE AND AFTER A DIVERGENT NO2ZLE

TABLE D-VII

SPECIFIC HEAT RATIO (GAMMA)} = 1,400
.. BREA RATIO.AGROSS THE DIVERGENT NOZZLE = 9.00

TCCCCC(NDZZLE INLET CONOITIONSI))))111)) (UC((SECONDARY SHOGK CONDITIONS)I))1)1) (IPRINARY TRANSMITTED SHOCK CONDITIONSD)  _

SHOCK FLON FLOW SHICK TENP 2NDRY 2NORY ZNDR; 2NDRY ZKDRY PRIM PRIV PRIN PRIN PRIN SONIC MACH NO.

MAGH. . MAGH . VEL.  STREN  RATIO SHOCK FLOW  FLOW  SHOCK TEMP  SHOCK FLOW  FLOW SHOCK TEMP  VEL, . BET, CONT.

NO. 8o, RATIO MACH  MACH  VEL.  STREN RATIO HACH HACk VEL. STREN. RATIO RATIO ~ AND ZNDRY
a-- - . . NO, NO. RATIO NO, NO . RATIO . . ....5HQCK

MSA ML Ui/AQ PA/ZPO TAZTO__Ms2 M2 u2/A0__ P2/PQ

L T2/T0._MS3____ M3 UIZAQ0 P3/PO_ TI/T0 AI/A0  HI(PRIME)

2.20 1.07 1.45 S.u8 1.86 4409 3.81 2.91 $10 +58 1.32 LTS b 0 1,78 1,20 1.10 43

2630 1,11 1.55% 6.00 1.95 &.01 3.82 J.01 o1t 62 1.38 49 50 1,97 1.26 1,11 LeW3 .
2.40 1.16 1.65 6.55 2.06  3.94 3.83 3.1 13 66 14046 .55 62 2.47 1.28 1.13 st N

— 2250 1,20 1,75 F.12 2434 J3.87  3.84 J.20 alh 510 1,50 60 .69 2.38 1.32 1.1

- 2460 1.23 1.85 T.72 2.24 3.82 3.85 3,30 .16 A 1.56 «65 76 2,59 1.36 1.17 ol

2070 1427 0 Le9% . 8434 2,36 3.77 3.86 7 3.41 .18 W78 1.62 70 «813 2,81 t.40 1,18 EY 1 S
2.80 1.30 2.0% 8.98 2.45 3.73 3.88 3.51 .19 82 1.67 75 +90 3.06 1.46 1,20 bl
2090 1433 2.13  9.64 _ 2.56 3.69 3.89 3.61 .21 86 1.73 «79 «96 3.27 1.48 1022 . el .
3.00 1.36 2.22 10.33 2.68 3.66 3.90 .72 .23 «91 1.79 .83 1.03 352 1.53 1.24 45

—dal0 1,38 2,31 11,04 2,80 Jab3 __3.92 .02 229 €95 1aB85 G BT _2.09 327 L5012
3.20 161 2.41 11.78 2,92 3.60 3.93 3.93 27 1.00 1.91 «91 1.16 4,03 1.62 1.27 45

23e30 .0 Le43 . 2,50 ... 12.5% 3.05 358 3.94 4.03 «30 1.05 1.97 9% 1,22 L 4e30 1,66 1,29 . W45
3,40 1.45 2.59 13,32 3.18 3.56 3.96 Lotty 32 1.09 2.03 «98 1.28 4,56 1.71 1.31 W45

30590 ___Le47__ 2.68 14,12 . 3432 3454 0 3497 . 4.25 034 1elly 2,09 1.01 1,36 LoB7 176 1,33 . 4S5
3.60 1.49 2.77 14,99 3.4 3.52 3.9 4.35 .37 1.20 2.15 1.04 1.40 5,16 1.81 1.35 _eh5

S3.20 _ 1.51 2.86 15,80 . 3.60 J.50_ 3,99 %4.46 o839 1,25 . 2,21 3.07 .46 5a46 1,87 1.37 W45
3.80 1.52 2.95 16.68 J.76 349 4,00 4.57 2 1.30 2,27 1.10 1.52 577 1.92 1.39 oh5

S 3a90 a5k 3404 . 17458, ... 3.89 3447 4.01 | 4.68 LY 1.36 2433 4013 1058 __ . 64091497 _1.40._.
4,00 1.55 3.12 18.50 4,05 346 4,02 4.79 07 1442 2.39 1.15 1.64 6,42 2.03 1,42

LbeB0 1457 3¢21. . 19.064 4,20 3445 Lo03 . Le90 | W50 . 1468 2,45 1,18 . 1,70 ____ 6475 ..2.09 _$,44 ______ 49 .
.20 1.58 3.30 20,41 L.37 3.a4 LoD 5.014 53 1.54 2.51 1.20 1.76 7410 2,14 3,46 4S’

~G4a30 1,59 3,39 21.40  4.53 Jab3_ 4,05 S.12 0000 .5h 0 $1.60 2.5 1a22 1,81  T.45 2,20 148 W4%
4.40 1.60 Jius 2Z.42 T ke70 Jok2 Lo06 5.23 «58 1.66 2.63 1.24 1.87 T.81 2.26 1.50 45’

L4,90 0 1.61_ 3,56 . 23,46 . 4,88 3,418 407 Se34 62 1.72 2468 1426 .. 1493 .. 8.18._2,33 ' 1,53 '
.60 1.62 3.65 24452 5.05 3.40 4.07 Seb5 65 1.79 2.74 1.28 1.98 8.55 2.39 1.55

baT0 1463 3aTH.. .. 25460 ... 5¢23 3439 . 4o08 . 5456 .. ... 268 . 1085 __.2.80. 1,30....2,06 ____ 0e94__ 2,46 1457 ______. DY Y S
Lo.80 1e66 3.83 26.71 5.2 3.39 4.09 5.67 71 1.92 2.86 1.32 2.09 9433 2.52 1,59 ohb’

4290 1,65 3.91 27,84 S.6L.  3a38_ 4,09 SaTA. a4 1,99 2,92 1a34 2,15 9.7 2,59 1.61  L46°
5.00 1.66 4.00 29.00 5.80 3.37 L.10 5.89 W78 2,06 2.98 1,35 2.21 10.44 2,66 1.63 e4b

S 5e30___ 3.67 ___ .09 .. 30,18 ___ 6,00 3,37 4,11 6400 . . o081 . 214 . 3,04 1437 2.26.. 10456__2.73_ 1,65 ______.
5.20 1.68 4,17 31,38 6.20 3.36 Lall 6a11 .85 2.21 3.10 1.30 2.32 10.98 2,80 1.67

TS 1468 __ 4,26 ___. 32,60 . 6.40 3,36  4.12 6,22 | 88 2,28 . 3416 f.8D . 2,37 ___ 11462287 __1,69._
5,40 1.69 4,35 33.85 6.61 3.35 4o12 6.33 .92 2,36 3.22 1a61 2.062 11.86 2.95 1.72

550 1470 4,43 35.12 6,02 3,35 _ 4.13 6a45 296 2ol 3,28 a3 R.48 12,31 3.0
5.60 1.70 .52 36.42 704 3,34 “a13 6.56 . 1.00 2.52 3.304 Lol 2453 12477 3.10 1.76 b

870 L 8,78 460 37474 . Te26 . 3034 _ Golh 6,67 1.04 2460 3,40 1,45 2,59 . 13,24 3418 1,78 ____ . b
5.80 1.71 be69 39.08 Tabd 330 Lotk 6.78 1.08 2.68 Jokb Lokb 246k 13.72 2.26 1.80 W46’
L5e90. A T2.._ GaTB . 40,44 7,71 3433 4e15 | 6,89 1.12 2.76 3.52 1,47 2,69 14,20 3.3k 1,83 . .“ﬁ; ..........
6,00 1.73 he86 L1.83 “T.49 3.13 Lel5 7.01 1.16 2.85 3¢50 1.49 2.75 14.69 J.42 1.85 46

_6aifl 1TY 4,95 43.24 B3B8 _Jad2 616 Jal2 1,20 2.9% _ Ye64_ 1.50__2.00_ 15,49 358 1.87 .46’
6.20 1.73 5.03 L. .68 8.42 3.32 4.16 T.23 1.24 J.02 3.70 1.51 2. 85 15,70 3.59 1.89. : .56:
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"BLAST WAVE PARAMETERS BEFORE AND AFTER A GIVERGENT NOZIL

€

SPECIFIC HEAT RATIO (GAMMA}

..AREA RATIO ACROSS _THE OIVERGENT NOZILE =

TCCCHU(NOZZUE INLET CONDITIONS) 1310013 (4 (((SECONDARY SHOCK CONDITIONS)1111)) ¢ tPRIHARY

1.400

..9400

"TRANSMITTED SHOCK CONDITIONS))

SHOCK  FLOW  FLOM SHICK YEMP  ZNDRY 2NORY  2ZNORY  2NDRY  2NDRY PRIM  PRIF  PRIM PRIK  PRIM  SONIC HACH NO.
MACH___ . MAGH __ VEL. . = STREN __ RATIO SHOCK FLOW FLON SHOGK  TEMP  SHOCK FLON _FLOW SHOCK TEMP  VEL. .. _. BET,.  CONT.
NO, ND .o RATIO MACH  MACH VEL. STREN  RATIO HACH MACH VEL, STREN, RATIO RATIO AND 2NDRY
____________________________________________ NO. _ NO, RATIO NO, NO, .. RATIO . __. . ... SHQCK_ .
MS1 Mt UiZaQ _Pi/Pg 11779 MS2 L[4 U2/AQ _ PRePO_ TR/T0 MS3 M3 0 U3/AD P3/PD TI/TQ  A3/ZAQ  MI(PRINME)
6.30 1,74 5,12 W61k 8,66 3.32  4.16 T34 1.28 3.1 3,76 8,52 2.91 16.22 3,68 1,92 46
L6040 fe?b 5,20 &7.62 . 8.91 3.32 k17 7.46 1,33 3.20 3,81 £.53 0 2496 _ 1576 3,76 _ 1.9h . __ob& .
6,50 1,75 5,29 49,12 9.16 331 417 ‘7457 1.37 3,29  3.87 1.54 3.01 17.28 3.85 1.96 kb
6480 1,25 5.317 90465 abl _Je3l__ 4,42 ___ T.68 Lo 3439 3a93_1.54. Ja07_ 17.82_ 2.9% 1499 a4b6
6.70 1.76 5.u46 52420 3.67 3.31 te18 © - 7479 1.46 3,648 3.99 1.55 3,12 18.37 4,04 2,01
6480 . 1.76__ S5.54 . . 53.78.._. 9,93 3.31 4e18 7491 1.51 3.58 4,05 1.56 _ 3,17 _ 18.93 4,13 2,03
6.90 1.76 5,63 55.38 10,20 3.30 4.1 8.02 1.56 3,68  botl 1,57 3,22 19.50 4,22 2.06
190 1,77 S.Tt 57,00 . 10.67 3.30  4.19 8.13 1,60 C3,78 4,17 3.98 . 3,28 _ 20,07 4,32 2,08
7.10 1.77  5.80 58.64 10.74 3,30  4.19 8.24 1.65 3.88  4.23 1.58 3.33 20.65 4,42 2.10
7420 1,77 5.88 60,31 11402 3. 10___5.19 e 36 1e?Q _ Fe90__ 629 1259 338 21,425 4,52  2.13
7.30 1.78  5.97 62,00 11.30 3.30 4,1 .47 1.75 4.08 4435 1.60 3,43  21.85 4.62 2.1%
To40 . 1,78 . 6,05 . 63.72 . 11.59 3.29V__u.20 .. 08458 1.60 4e19 bl 1460 3,49 22.45. 4,72 2417
7.50 1.78 6.14 65, 46 11.88 3.29 4,20 8.70 1.85 29 Lo4?7 1.61 3.54  23.07 4.82 2.20
L Te60 3,78 6e22 . B7.22 . 12,17 3.29 . &.20 8.81 1.91 ek 4453 1462 . 3459 _ 23.70 4.3 2,22 __.._.
T.78 1,79 6,31 69.00 12.47 3429 ° 4,20 8.92 1.96 4,51 9.59 1.62 3,64 26,33 5,03 2,24 “oub
Ta80_ 1.79 6439 ___ 70481 _ 12,77__3e29___ 4,20 9.0% 2401 4062 4465 1,63 J.69___ 24,97 S.l4 2.2 .46
7.90 te?79 6.6 T2.604 13,08 3.29 4,21 9.15 2.07 Q73 L 71 1.6k 3475 25.62 5.25 2.29 46
8400 1.79.. 698 74,50 14,39 3.28 be2t 9.26 2.12 4oby 4,77 1.6% . 3,50 26428, 5,36 2038 .. ... YL S,
8.10 1,80 6.865 76,38 13,70 3,28 4.2% 9.38 2.18 6,96 4483 1,65 3,85 26.94 S.47 2,34 b
(B8e20_ . 1480 6,73 78,28 _ 16,02 3.28 4,21 9.%9 2,23 S5.07 4,893 1.65 3.90. 27.62 5.58 _2.36\_____eu6.____ _
8.30 1,80 6.82 80,20 T1b, 34 3,28 W21 9.60 2.29 5.19 4.95 1.66 3,95 28.30 5,69 2.39, N3
_ﬂ4§l___11ﬁh.._ﬁ;ﬁn____Iani____lbn§ﬁ~_3-20___kn22-___3-12_____2135____5131___5501._1;&&___310“-..25.39__5151__23kl;—_—_Lkﬁ______
8.50 1,80 6.99 BL.12 ¢« 14,99 3.28 4,22 9.83 2.41 Sek3  5.06 1467 4,06 29.63 5,93 2,43, 46
. 8.60 1,81 ___7.07 86,12 15.32 .28 4,22 9.94 2.7 5.55 5412 1467 4,11 30.40 6.0%._2-%6J _______ sl
8,70 1.81 7.15 88,14 15.66 3.28 4,22 10.06 2.52 5.67 5,18 1.68 4,16  31.11 €.,16 2,48, kb
8480 1.8%_ 7. 24 . 90.18 16,00 3,27 4o22 10.17 2.59 - 5.80 5.26 1468 . 4,21 31.84 6,208 2.51_ ...... b6
8.90 1,61 7.32 92,24 16436 3427 6,22 10.28 2.65 .93  5.30 1.68. 4,26  32.57 6,41 2.53; 46
9,00 .80 Tl 94033 36469 3627 4,3¥ 30440 2471 5005 5.36__ 1469 _4u3Ll__ 3303l 6453 24560 a6
9.10 .81 7.u9 96, bt 17,06 .27 3.23 10.51 2.77 6.13  S.%2 1,69 k4,36 34,06 .66 2,58 b
..920_ 1,82 7,58 _ 98,58 . 17.40 3.27 4,23 10.62 2.83 6031 5,48 1470 bek2 . 34e82 6478 2460, T
9.30  1.82 7.66 100.74 17.76 3427 4,23 10.74 2.90 6abl 5454 Le7Q kou? 35.58 6,91 2,63 w46
. 940 1,82 7.4 102,92 18.12 3.27 423 10.85 2.96 6.58 5,60 1.70 4,52 36,36 7,06 2,65, . J46__
9.50 1.82 7.83 105,12 18,49 3.27 4,23 10.96 . 3.03 6.71 5.66 1.71 4,57  37.1% 7,17 2.68, 246
— 960 1,82 7,91 307,35 18,086 3,27 4,33 __ 1308 3,09 6.85_ 5.72_  Be71__ 4y62_  37.93__7,30__ z;rn_____;ag______
9,70 1.82 8.00 109,60 19.26  3.27 4.23 11.19 3,16 6,98 5,78 .71 4,67 38,73 7,43 2.73, 'Y
. 9.80  1.82  8.03_  111.88 19.62 3.27 We20 11,30 3.2) Te12  Sa8% 1472 4,72 39,53, 7,57 2,752 ____ 486
9,90 1.3  8.17 116,18 20,00 3.26 k.24 11442 3.29 726 5.90 1,72 4,77 40.35. 7470 2.78. 46
010,00 183 _ 8.25  116.50 20,39 3,26 4,24 11.53 3.36 T80 5,96 1.72 4e82  Li1T . 7,84 2,804 . 46
10,10 1.83 8.33 118,84 20,78 3.26 4426 11465 3,43 755 6.02 1.73 4,88 ©2.00 7.98 2.82, o4b
Q020 21047 3626 4af_ L1aTG o 3,50 . 7e69___ 608 1aT3 4,93 4284 8,12 2,85. .46
10.30 1.83 4.50 123.60 21.57 3.26 he26 11.87 3.57 T.84 6.1 1.73 4e 98 43,69 8.26 2.87 s kb
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BLASY WAVE PARAMETERS BEFORE AND AFTER A DIVERGENT

NOZIILE

TABLE D-VIII

SPECIFIC HEAT RATIO {GAMYA) =
AREA RATIO ACROSS THE OIVERGENT NOZZILE =

COCCEUNOZZLE INLET CONDITIONSIDIIIIIIDIDACCE(SECONDARY SHOCK CONDITIONS))I)))) ({PRINARY

1.400

10.00

TRANSHITTED SHOCK CONDITIONS))

SHOCK  FLOW  FLOM SHOCK TEMP  2NORY 2MDRY  2NORY  2NORY  2NORY PRIM  PRIN  PRIK PRIM  PRIN  SONIC MACH NO.
HACH. HMACH  VEL. STREN RATIO SHOCK FLOW FLOW SHOCK  TEMP  SHOCK FLOW  FLON SHOCK TEHP  VEL. BEV. CONT,
NO. NO. RATIO MACH  MACH VEL. STREN  RATIO HMACH  HMACK  VEL., STREN. RATIO RATIO AND 2NORY

. NO, HO . RATIO NO NO, RATIO SHOCK ...
Ms1 ML UL/AD P1/PQ 11710 MS2____ M2 UeAQ __P2/PO0_ 12710 _MS3 . ___ M3 uI/A0 P3/PQ TI/T0 AIZA0  MI(PRIKE) .
2.20 1,07  t.uS 5,48 1.86 4,28 3,93 2.93 «08 W56 1,28 .38 bl 1.67 1.18 1.08 w43

..2030 . 1,18 1.55 6,00 1.95 4,20 3.93 3.03 .09 59 138 o bt 49 .1.85 1021 1410 . PN
2.40  1.16  1.6S 6.55 2404 4412 3,94 3.13 o1t .63 1.39 .50 +56 2.03 1.25 1.12 Teu3’

20 1.75  2.12 __  2.%4  4a06__ 3.9% 3,21 12 WBT_ __Lab5_ a6 464 2423 1.29 .14 443

2,60 1.23  1.85 7.72 2.26 4400 3.97 . 3.33 .13 .70 1.51 461 W71 2.43 1.33 1.15 b3

270 L %427 0 349% . 8,34 234 3495 . 3,98 - 3.3 «15 T 1,57 L1 Y & 4 L2463 1,37 1447 el .
2.80 3,30 2.0%& 8.98 2.45 3.91 3.99 1.53 7 78 1463 W71 . 8% 2.85 1.41 1.19 ol

L2490 ___3.33.  2.13 . 9.64 2.56 3.87 401 3.64 o8 82 168 __o75 . «91 . . 3.07. 1.45 1,20 . __e%& ________
3.00 1.36 2.22 10,33 2.68 3483  4.02 374 »20 .87 1.74 480 .97 3.30 1.49 1.22 bl

S 3a10 1,38 2.3% 11,04 0 2,80 J.80_ 4.04% 3,45 W22 90 1,00 L84 _ 1,03 3.5% 1,53 1.24 __ Jb4b4
3,20 tobl 0 2401 11.78 2092 3,77 4,05 3.95 .23 «95 1.86 .87 1.10 3.78 1.57 1.25 shl

C3.30. 1,43 2,50 ... 12.54 . 3405 375 . k.06 4,06 25 1,00 1.91 .31 1.16 JbeOb . 1,62 1627 . __abbo__ ..
3.40 1,45  2.59 13.32 3.18 3.73  4l07 41?7 .27 1.05 1.97 495 1.22 430 1.66 1.29 L}

J 3450 1,47 2.68 . 16.32. L3032 34710 4,09 | 4,28 .29 1.09 2,03 498 . 1420 ... 457 t.71 . 131 . LY TR .
3.60 1,649  2.77 14,95 3,45 3.69  4.10 he38 .31 1.1 2,09 1.01 1.34 boBl 1.76 1.33 b

CXaT0 1458 2.86 15400 J.60__J.HZ__ 4.1 Go49__ a33 __1.19_ 2414 1,04 _ 2440 5,134,810 1,34 W84
3.60 1,52 2,95 16,68 3.76 3.6%  4.12 4.60 36 1,25 2.20 1.07 146 5.42 1486 1,36

390 L 154, L Ye0k 17.%8 JeAD 3.b4 4,13 bolt 38 1.30 2.26 31410 . 1,53 .. S5.72 .31.91 . 8,08 K .
4,00 1.5 .12 18,50 4,08 3,63 L.tb NoA2 Y] 1.35 2.32 1.12 1.57 6,02 1.96 1,40 s

el 1457 3620 . 1944 4s20 3.61 4,15 4,93 okl 1,41 2.37 1,15 1,63 6,34 . 2.02 1,42 . __. Y
4.20 1.58  3.30 2041 4,37 3.60 be16 5.04 45 o7 2443 1417 1.68 6.66 2,07 1,44 °45

a3 239 21,40 " 6,53 3a53_ 4.1l 5418 247 1453 2.49_4219  1.784 6,99 2423 _1.46 65
babd 1.60 3,48 22,42 - 4e70 3.58 b.18 5.26 «50 1.59 2.55 t1.21 1.79 Te3d 2418 1,48 kS
4,50 . 1,61 3,56 __ . 23,46 4.88 3,57 wel8 | 5.37 53 1465 2,60 1e24% .. 1.85 ___T.68 2,24 __1.50 ______. 45
.60 1.62  3.65 24.52 .05 3,56 4.19 5.48 «55 1.71 2.66 1.26 1.90 8.03 2.30 1.52 45

Mo TO 1463 . 3uTh. .. 25460 . 5,23 3456 420 ... 5459 . . o580 . 177 . 2472 . 1e27._..1.96_.._ . 8+39 2,36 1,54 _____. 45 ..
4e80 1,64 3,83 26.712 5,42 3,55 4.21 5.70 '61 1.8 2.78 1.29 2,01 8.76 2443 1.56 45
4,90 1,65 3.9 27,84 Sab1_ 3a5b_ Ba21 5,82 .64 1.91 . _2.03 1.31 2.07 9.14 2449 1,58 a9
5.00 1.66 4,00 29.00 5,80 3.53 4,22 5.93 67 1.97 2.89 1.33  2.12 9.52 2.55 1.60 o45

L0510 . 2467 4,09 304108 ... 6600 3453 . 4,23 . 6404 .. 70 2404 . 2,95 1.3 . 2,108 .. 9.92 2,62 1,62 . __. o5 ...
5.20 1,68  L.17 .38 6,20 3.52 4,23 6415 73 2.11 3.0t 1.36 2423 10.32 2,69 1.64 b5
L5030 .. 1.68 . 4.26 32.60 6,40 3,52 420 6.26 o716 2448 3,06 1437 . 2,28 . 30,72 2.76_ 1,66 T I
5.40 1,69 6,35 33. 85 6.61 30951  Lo26 6.38 «79 2.26 3.12 1439 2,33 11,14 2,83 1.68 o5

%90 La 0. tehY . 3%,02 B 82_ 351 423649 W02 2433 a0 ha%0 2439304560 _2,90_ 1,70 W48 .
$.60 1,70 L,.52 3bs 42 T.06 3.%50 .29 600 .89 2441 Jo24 1,42 2.bb 11.99 2.97 1.72 “s

o%e70 1,73 480 3.0 . 7426 3,850 4,26 6,71 .89 2,46 3,30 1443 2,49 12.4) 3,06 t,T7N . L1 U
5.80 1,71 %.69 39,08 Tab8 3.49 4426 6.82 92 2.56 3.35 tob4 2,58 12.68 3,12 1.77 oh8

_.5e90 .. 1,72 he78 W0, b4 TeTl 3469 he27 .. 6e9 95 2.64 Jol 1,48 2,60 1333 3019 1,79 bS5 . .
6,00 1.73  4.86 41,83 Te9% 369 L,27 7.05 «99 2,72 3447 1.46  2.65 13.80 3.27 1.81 S

—6a10 3a2% 8,18 3.68 4,28 _ T.16 1,02 2,01 3433 _AahA8__ 2470 14,2 - B ¥
6,20 1.73 5,03 by, 68 8402 Jobd bhe28 7.28 1.06 2,89 3J.58 1.49 2.75 o746 3,463 1,85 oh5

Qg xipuaddy
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BLAST WAVE PARAMETERS BEFORE AND AFTER A OIVERGENT NOZZLE o T T

+

TABLE D-VII (Cont.)

SPECIFIC HEAT RATIO (GAMMA) = 1,400 T -
_.AREA RATIO_ACROSS. THE OIVERGENT NOZZLE = 10,00

CCCLU(NOZZLE INLET CONOITIONSI1113)131)¢CC((SECONDARY SHOCK CONDITIONS)313))) ( (PRIMARY

TRANSHITTED SHOCK CONDITIONS))

SHOCK  FLOW  FLOM SHOCK TEHP  2NORY 2NODRY 2NDRY  2NDRY  2NDRY PRIW  PRIF PRIN PRIM  PRIM SONIC MACH NO.
_HACH ___ . MAGH. . VEL. .. . STREN _ RATIO SHOCK FLOW FLON SHOCK TEnP SHOCK FLO¥ FLOW SHOCK TEMP  VEL. _. ... BEY.. CONT,
NO, NO. RATIO HACH HACH VEL. STIREN RATIO HACH HACH VEL. STREN. RATIO RATIO AND 2NORY
__________________________________ PO, KO, HNO. RATIO NO, NO ., RATIO | e emeee....8HOCK.
MS1{ M1 Ujsap PL/PQ Y1770 MS2 H2 Y2/A0.__PR/PO__ T/TD_MS3 M3  UI/ZAD P3I/PO YI/TQ  AI/AQ  HI(PRIME)
)
4614 8.66 3.48 L.28 7.39 1.40 2.98 3.6 1,50 2.80 15.23 3.S51 1.87 k5
... WT.62 8491 347 | 429 7.50 1.1k 3,06 370 151 . 2,86 15472 3459 1,90 4S5
49.12 16 3,07 4.29 T7.62 1,17 3.15 3.76 1.52 2.91 16,22 J.68 1.92 w45
646 50,65 %‘olel__h.Z‘J_,_l.’)___l.Zl Jeb 381 1532496 __ m.u-a.za_xda 245
6€.70 1.76  5.46 52.20 9.67 3,47 4,30 784 1.25 3.33  3.87 1.5)3 3.01 17,25 3.85 1.96 s
680 1,76  5.54 53,78 9,93 3,46 4,30 7.95 1,29 3,42 3493 1,54 . 3,06 17,77 3,94 1.95_ L 45
6.90 1.76 S.63 55.38 10,20 3,46 430 8.07 1.33 3.52 3.99 1.55 3.11 18.31  4.03 2.01 o 45
CTe00 1,77 __ Se71__ ST.00 10,47 3.46 _ 4,31 8.t . 1.37 3.61 4,04 1,56 3.16 18,85 4,12 2.03 45 .
7410 1,727 5,80 58464 10476 .46 4.31 830 1okt 3.71 0 4410 1.57 3.22 19.40 4,21 2.05 45
._LnZD_h_I___LJl__.._&h_Sl_lh_uz._!.si__hu Botbd__ 1046 3.80__ 4,16 1,57 327 39.96_ 4,30 2,07 249
T.38 1.78 5.97 62,00 11.3 Lo3t 8.52 1.50 3.90 .22 1.58 3.32 20,52 4,40 2.10 245
CTel0 1,78 6.05__  63.72  1t. 59 3.#5 . kel32 8.64 1.54 4.00 4.28 1.59 3.37 2109 4,49 2,12 W45
7.50 1.78 Bell 65.46 11,88 3.45 4432 8.75 1.59 4,10 4433 1,60 3.2 21.67 4.59 2.ti4 45
L 76D 4.TB 6,22 67,22 12.17 3,45 4.32  8.86 1.63 €21 4239 1,60 3,67 22426 .69 2,16 _ __ «4S5 ____ .
7.70 1.79 6.31 69.00 12067 3,44 “el32 8.98 1.68 .3t bebS 1.61 J.52 22.86 479 2.19 45
ST LT 639 TR0t L2a 7T Fabh G IT9e09 L TR Nt NG 146% 35T 23446 __4,089 2,24 .45
7.90 1,79  d.hp TE bk 13,08 S,h0 4,38 9.20 1.77 4,52 4456 1,62 3.62 24,07 4,99 2,23 b5
000 3479 6456 Thy50 13,39 Jouy 431 9.32 1.82 LTI 2 ] Web2 1,63 | J.67 | 26,69 8,090,206 ... a65._______.
8.10 1,50 6465 76.38 13.70 3J.bb 4,33 9ot 1.86 LYY AN be68 1.63 3.72 25,31 5.20 2.28 WS
8,20 1.80____ 6,73 _ 78,28 1602 3,66 4,33 9455 1.91 485 kTG 1464 3,77 25,95 5.30 2.30 o5 .
8,30 1.80 6.82 80.20 1434 3Jo4b4 ba3b 9.66 1.96 4.96 4.79 1.64 3.02 26059 S.4t 2,33 45
_fe4Q 1,80 6,90 82,15 1466 3,43 .34 __ 971 2,01 ____ 5,08 _ 4405 _1.63____J.07 27924 5,52 2.3
8.50 1.80 6.99 84,12 14.99 3.63 be3l 9.99 2.06 $.19 .91 1.65 3.92 27.90 5463 - 2,37 2 k5
0,60 __ 1,81 __7.07 86,12 1532 3,063 Lo3n 10.00 2.11 5,31 4.97 1.686 3497 28,56 5.7 . 2.40 - ebS .
8.70 1,81 T.15 88,14 15,66 3,43 L3l 10.12 2.16 Selke3 5.03 1.66 b.02 29,23 5,85 2.42 245
L8080 __ 3.81 726 90,18 16,00 3,3  &.36 10,23 2.21 5.55 5.08 1,67 4,07 29,91 5,96 2,64 ____ b5 ________
8.90 1,81 732 92.24 16.36 3,03 435 1034 2.26 5.67 S5.14 1,67 hot2 30.60 6.08 2.47 4S5
.__’idll_l.n__l._‘:x__%.u_lb.ﬂ Jeld 4o ¥5_ 3006 2,32 5,79 5420 _ 1460 bed7___ 31,30 __6.19_ 2.59.____.1:5_
1.81 7.49 17.06 3.43 4.35 10.57 2.37 5.91 5.26 1.68 4,22 32,00 6.31
_.9 20___,1.02____7 58 . % sa L L7.6D 3,43 4,38 10.69  2.42 6.00 .31 1.68 Le27 32.71  6ok3 z su ,~.l.5 _________
9.30 1.82 7.66 100,74 17.76 3.42  4.35 10.80 2.48 6.16 5.37 1.69 ' 4432 33.43 6.55 2.56 4S
L9.40 __1.82 7.7t 102,92 18,12 3,42 435 10.92 2,53, 6429 5443 1.69 ! 4.37 36416 6,67 2.58
9.50 1,82 7.83 105.12 18.49 3,42 4435 11.03 - 2,59 6.42  5.49 1.70 e k2 36090 6.79 2.61 45
9,610 1,82 7491 107,3% 18,86 3,42 L,35  flelb__ 265 6.55___ 5¢55 _1.20 LT} 35,64 6,92__2,63 %5
9.70 1.82 8.00 109.60 19.26 3,42 we36  11.26 2.70 6,68 5.60 1,70 4.52 36039 7.04 2.65 kS
.9,80 ___ 1,82 __8.00  111.88 19,62 3.42 4,36 11,37 2.76 6,81  5.66 1,71 4,57  37.15  7.17 2,68 4S5
9.90 1,83 8.17 114.18 20.00 3.42 4.36 11.49 2.82 6.95 5.72 1,714 4.62 37.91 7.30 2.70 'S
10,00 3483 8,25 . 116,50 20.39 3.42 4.36 11.60 2.2 7408  5.78 173 W67 38469 TPk 2,73 . ek
10,190 1.83 8.33 118,84 20,78 3,42 4e36 11.72 2.94 7.22 5+83 1.72 ° &.72 J9.47: 7456 2475 1 . "J4S
n_l.l}_ Z__lZlLZL__ZLAL__l._hZ__hM_u.N____J.00 __7036__5139_1112_511;5. Odﬁ_l;'ﬂ_Z.lL_.__.ﬂ L___
10,30 1.83 8.50 123.60 21.57 342 he36 11.94 3.06 7.50 5.95 1.72 ho82 41,06 7.82 2.80 oS
B )
BN )
, ot
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"'BLAST WAVE PARAMETERS BEFORE ANO AFTER A DIVERGENT NOZZLE

TABLE D-IX
SPECIFIC HEAT RATIO (GAMMA) = 1.400 T T T
_AREA RATIO ACROSS. THE GIVERGENT NQZILE = 15,00

“ErCICINOZILE INLET CONDITIONS)13312)13) (C{((SECONDARY SHOCK CONDITIONS)111))) ((PRINARY TRANSMITYED SHOGK CONDITIONS))

SHOCK  FLOW  FLOW SHOCK  TEMP  ZNDRY 2NODRY  2NDRY _ 2NORY  2NORY PRIN  PRIF  PRIN PRIN  PRIN  SONIC

HACH NO.
CHAGH __. MACH . VEL. STREN RATIO SHOCK FLOW FLOW SHOCK TENP SHOCK FLOMW FLOW SHOCK TENP VEL. BET. CONT.
NO. NO. RATIO HACH HACH VEL. STREM RATIO MACH HACH VEL., STREN, RATIO RATIO AND 2NDRY
P, I . KO, NO, RATIO NO, NO, RATIO . . SHOCK ... . .

JMSA ML ui/An PL/PQ. TA/BD  MS2 M2

U2/ P2/P0__ T2/TQ WS ___ M3 __ UI/AQ P3/PD  TI/TD AJ/AG  HIIPRIME)

2,20 1,07 1.45 5,48 1.86 5,09 4.33 3,01 W06 LT e L2 .21 1.28 1,09 1,06 oh1
z IV 3418 1455 . b.0OO 1.95 4,98 4,40 LYY .05 W50 1019 W27 .29 1.41 1,12 1,06 02
2.40 1,16 1465 5455 2,06 4490  4.41 3.21 .06 W53 1,26 .34 .36 1,56 1.15 1.07 h2
~2a80 1,20 4,75 Pas2 2,84 482 Gaa2_ . 33 .07 .56 1,29 239 a3 1.7L_ 3,18 1,09 .62
2.60 1.23  1.85 r.72 2,24 4a?5 G4} Jout .07 259 1.36 .45 .50 1,87 1.22 1.10 k2
_2eT0_ 3427 1494 . .. 8436 . 2,34 4,69  h.ub 3.52 .08 63 1,39 S0 .56 2,03 1,25 1,12 .42 ..
2.80 7 71.30 7 2.0 8.98 2,45 4.64  4.46 3.62 .09 W66 1.4& LSS .62 2,19 1,28 1.13 W2
J2.90 _1.33 . 2.13. . 9.64 2456 4aB0 4 47T .73 .10 069 1,49 60 469 2,37 1.32 1,15 . .42 ...
3.00 1.3 2,22 10.33 2.63 4,56 .49 3.83 .11 T3 1456 .64 .75 2.55 1.35 1.16 2
.04 2,80 4e52 4,50 ¥.9% .12 W77 1.99__ .69 8L 2.7 1,38 4.4 .42
3,20 161 2,41 11.78 2,92 ket  4.52 ©.05 13 W88 1.65 L 13 .86 2492 1,42 1419 W62
3030 1,43 0 2,50 12454 . 3.05. 4s45 . 4453 . &alb ... ol W84 1,70 W76 092 . 3.12 1.46 1,20 w2
360 168 2,59 13,32 3,18 4ob3 4,54 w.2r .15 88 1,75 .80 .98 3.32 1,69 1.22 el
3,50 1.47  2.68 14,12 3032 4.W0 6,56 437 .1h .92 1,80 .84 1.03 3.5 1,53 . 1.2% ... 3.
.60 .49 2.7F 14,95 5,45 4.18  4.S7 4ot s W96 1,85 .87  1.09 3,75 1.57 1.25 W63
320 1.51 2.86 . 15480 3,60 4 36 4.58 GaB0 .18 1,00 1,90 .90 fedt  3.97_ .61 1,27 L4l
3.80 1.52 2.95 16.68 3,76 o34 k.59 Wt .20 1,05 1,95 .93  1.20 4,20 1.65 1.28 el
3490 . 1.56.. 3.06.. .. 17.58 . 3.89 4.32  &.60 .02 .21 1,40 2,00 .96  1.2% b3 1469 1,30 %]
4,00 1,55  3.12 16,50 .05 4.31 4,61 4,93 W22 106 2,05 9% 1,30 we67 1,73 1,31 Wbl
CGet0. 1457 3020 .. 19444 “4420 429 4.62 5404 . (2} 1419 2410 4,02 1,35 4,91 $.77 1,33 S T
“,20 1,58 3,30 20401 437 .28 4,63 5.15 .25 1,26 2.15 1.04 1,61 S.16 1.81 1,35 o43
—6a30 1,59 3,39 21,40 4,51 _4a26___ 4.64 5.26 .26 1,29 2.20_4a87  1a46. _ Sa42 1,86 1.36 .43
4,40 1,60  3.48 22,42 4,70 4e25 4,65 5.38 .27 1,36 2.25 1.09 1.5 5.68 1.90 1.38 W43
4,50 1,61 . 3.56 23,46 4e88 4.24  4.66 5,49 .29 1,39 2,30 1.12 1456 . 5.95 1,95 _.
4,60  1.62 3,85 24,52 5,05 .23 4,67 5.60 .30 Tebl 2.35 Loid  1.B1 6.23 2,00
SO T0 1.6 3lTh . 25,60 .. 5,23 . 4.22. 4,68 . 5,72 . . . .32 . 1,49 2,40 . £.16 . 1,66 . . 6.51. 2,06
5.80° 1,64 3,83 26.71 S.42 421  &,68 5.83 .33 1,56 2.45 {.18 1,71 6,80 , 2,09
4;30__1..65_.1;31__21;55___.5&;3.20 o 4aB9_ 5.9 .35 1461 2,50 4s20_ 1aZ6__ T.09 2414 1.4 .
5,00 1,66 4,00 29.0 5.80 4,20 4,70 6.06 .37 1.66  2.56 1.22  1.80 7,39 . 2.19 1,48 -+ ¢ 43
.‘5.10...41.61..._4‘-09.._,.,30.16 L. 6400 4419 . 4,70 . 6«7 . . .38 1,72 2461 $.24  1.85 . 7,70, 2,25
5,20 1.68 .17 31,38 6,20 4.18 4,718 6.28 Y 1,78 2,66 $£.25 1.90 8.0 2.30
JBeID_ 3,68 4.26 . 32,60 . b4 W A7 u,72 bab0 w2 1,34 2.71 3,27 1,95 . 8.32 2435
5,40 1,69  4.35 33,85 6461 Lol7 4,72 6.51 o3 1.90  2.76 1.29 2.00 8.65 2,41
S50 $aT0 __Gabd 35482 6,82 %¢16 4,73 646 265 1.97___2.00_3.30 _ 2204 6,98 2,46
5.60 1,70 4,52 36,02 7,04 Wkeib  4.73 6,74 o7 2,037 2.86 1,32 2.09 9.314-2.52
6,70 1478 %.60 _ 37,74 7.26 4e15 4,74 6,86 W49 2,09 2.91 1.33 2,14 9,66 (2,58 1,61, ! b3
5.0 1.71 4,69 39,08 T.48 4el15 4Tk 6.97 51 2016 2,96 1.35  2.19 10,00 - 2.63 1.62, ;o431 .
590 2472 4 78 _ 40,46 T 71 bodtk 475 7.09 .53 2,23 3.01 1,36  2.23 10,36 . 2,69 1,64 ., . 43 ., .
6.00  1.73 u.86 41,83 7,96 balld 4,75 7.20 .5k 2,30 3,06 3,37 2.28  10.72 2.75 1.66 W43
5 a3a24 . B.18  4ad3 6,76 P32 L5630 __3a11 £.39 2.33  11.08 2,82 1,
6,20 1473 5,03 W, 58 8.42 %13 4,76 T3 58 2,06 3,17 fen0 2437 11,45 2.88 1,70 .43
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ALAST WAVE PARAMETERS BEFORE .AND AFTER A OIVERGENT KOZZLE T e

TABLE D-IX {Cont.}

SPECIFIC HEAT RATIO (GAMHA) = 1,400 T
_ AREA _RATIO ACROSS THE DIVERGENT NOZILE = 15,00

CCCUTENOZZLE TNCET CONDETTONSI1)) 112110 (0 { C{SECONDARY SHOCK CONDITIONS)))1)1) ((PRIMARY TRANSMITTED SHOCK CONDITIONS )~~~ 7777~

SHOCK FLOW FLOW SHICK TERP 2NORY 2HORY 2NORY ZNORY ZNDRY PRIN PRIF PRIK PRIN PRIM SONIC

MACH NO.
HACH ____. MAGH . VEL., ... STREN _.._RATIO SHOCK FLOW FLOK SHOCK TENP SHOCK FLOW FLOW SHOCK  TEHP VEL, .._...BET. CONT..
NG, NO . RATIO HMACH  MACH VEL, STREN  RATIO MACH MACH  VEL, STREN. RATIO RATIO ANO 2NORY
e e aiaee . ND. NO, RaT10 ND, NOD, RAT1O .. Ciemeeaes SHOCK___.____

6,30 1. T4 5.12 46,14 8.66 4,12 L,76 . T.59 +60 2.51 322 tebd 2.42 11.83 2.9 1.72

YL S 1,74 . 5.20 _  47.62 | 8.9%1 4,12 L.77 T - T7.56 63 2.58 3.27 1.42 2,07 0 12.22. 3.0% 1,73 . _ W43
6.50 175 5.29 “9.12 9.16 .12 L7 7.78 65 2.66 3.32 .43 2451 12.6% 3.07 1.75

—6.60  1.75 9437 50.65_ . 9.41  4eLll_ 4,77 TW89_ .67 2.73___J.37 __Lab%_ 2.56 13.00 d.lu 1,77
6,70 1.76 S.46 52,20 9.67 .11 .78 8.01 «69 2.81 3,42 1446 2.61 13,41 2.21 1.79

6480 1 .76_ 5,54 . 53,78  3.93 bL.il &,T78 8.12 o7t 2,89 J.67 .47 2,65  13.81  3.27 1.0% .
6.90 1.76 5.63 55.38 10.20 &.10 LoT8 8.24 73 2.96 3.52 1.408 2.70 $6.23 3.34 1.83

LTe00 377 S5.74 57.00 | 10,47 4,10 4,79 8.35 76 3,04 JeST Lele8 | 2476 4,65 3I.41 1,85 _ .
7T.10 1.77 5,00 58.64 1074 4,10 4,79 B.47 78 3.13 3.62 1.49 279 15,07 .49 1.87

1a2Q .27 5,88 60,31 11,02 b.1Q_ 4,79 Q.58 80 Je21__ Y. 67 . 1.50_ 2,083 35.51 _1.56_ _1.89._ .43
7.30 1.78 5.97 62.00 11,30 .09 4,80 8.70 83 3.29 3.72 1.51 2.88 $5.95 3.63 1.91 LR

L Teh0 1,78 .. 6,05 __ 63,72 . 11.59 4.09 _ 4.80 8.82 85 3,38 3.77 1.52 2,92 | 16439 .71 t.92 .. 3.
T.50 1,78 S.1b 65.46 11.88 4,09 “.80 8.93 87 346 3.83 1.9%9) 2.97 16.84 3.78 1,94 o433
T.60 1,78 6.22 6r.22 12.17 4.09 L.80 9.05 +90 3,55 3,88 1.54 3.02 17,30 3.86 1496 _ . Y
T.10 1.9 8,0 69,00 12,67 4,00  &.81 9,16 .92 3.64 3.93 1454 3,06 17.76 3.93 1.98 43

_PaB0_ a9 0a39 70,83 12477 4,01 9.28 099 de?2 3 a9_ L4095 Jadd 18,23 4,01 2.00 243
7.90 1.79 b.4d T2.6% 13.08 4,08 b.01 .40 .97 3.5 4,03 1.58 3.15 18,70 .09 2.02 43

0400 3.79....6456. .. 74450 13,39 .08 . 4,01 9.51 1.00 3.91 4,08 1.56 3,20 19418 w17 2.04 .. 3
8.10 1.80 6.65 75.38 ©13.70 4,08 LTE 2 9,63 1.03 .00 Y13 1.97 324 19.67  4.29 2,08 ol
8,20 1480 6,73 _ 78.28 - 14,02 4,08 4,82 9.74 1,05 4,09 L.18 1458  3.29  20.16 4,34  2.068 . %
8,30 1.80 6.82 50.20 1he 34 4,07 W,82 9,86 1.08 “eld 4.23 1.58 3.33 20,60 4,42 2010 3

B.40 1,30 6,90 BR.15 14,66 4.07__ 4.82__ _9.98 Aell 4028 4428 1,99 3a37 21417 4050 2.2 .43
8,50 1.80 6,99 84.12 14.99 4,07 4,82 10,09 1.43 .38 33 31.680 3.42 21,68 4,59 2414 o4l

Q.60 ___1,8% _7.07 86,12 15.32 4,07 L.82 10.21 1,16 CPYY ) 4438 1.60 Jaub 22420 44685 2416, ... o83
4.70 1.81 7.15 . 88,14 15.66 4,407 L,83 10.32 1.19 “.58 Lokl Ll.61 3451 22472 4.76  2.18 W43
8,80 _ 1,91 .. 7T+2% . . 90,18 16,00 4,07 6,83 10.64 1.22 4.68 bob9 1.61 3.55 23,25 4e85 2020 ... eb43 . __
84.90 1.81  7.32,  92.24 16,34 4,07 4,83 10.56& t.25 he78 454 1.62 3.60 23478 4494 2422 el

a0 S0 TLAL 94033 16e69 4506 4,83 10467 1,208 4e88_  4¢59__ 1,62 __ Jaflh 2433 __5.03_ 2624 443
9.10 1.81 749 96. L4 17.04 4,06 4.A3 10.79 1.31 4499 LebU 1463 3.69 24,87 5.12 2.26 43
(9020 . 1402 . 758 96.58 17,40 4.06 4.83 10,91 . 1.34 5.09 4,69 1.63 3e73 25443  G.21 . 2628 ... .. o3 .
9,30 1.82 7.66 100,74 17.76 4.06 4,83 11.02 1.37 5.20 4.7 1.B64 3.77 25.99 5.31 2.30 b3

940 1,82 T.Th . 102,92 18,12 4,06 4 AL tl.14 1440 .30  4.79 1.6% J.82 . 26455 540 z.sz _______ PLT R
9.50 1.82 7.83 105.12 18.49 4,06 &.8&  11.26 1,43 Sebel  4o84 1.65 3,86 27.12 5.50 W34 43

~ 9460 1,92 7,91 . 307,35 3886 M4e06_ b,d% 23,37 1,46 5,52__ 4,89_ 1,65 5-91__27110_505'14.21_3?__1.5}*.__.
9,70 1.82 8.00 109.680 19.24 4,06 L.84 11.49 1,49 5.63 h.94 1.66 3. 95 28.29 S5.69 2.39 43
09,80 ___ 1,82 __5.08  111.33 19.62 4,06  4w.34 11,60 1,52 575 4499 1466  MeDD  28.87 5,79 2,41 L)
9.90 1,83 8,17 1164.18 20.00 4,05 o84 11.72 1.55 5.86 505 1.66 boli 29.47 5,89 2.43 LK

10,00 1,83 8,25 _ 116,50 20,39 4.95 e84 11.9%6 1.59 5.97 5.10 1,867 L. 03 30.07 5.93 2.45 b3

10,10  1.83 8,33 118. 84 20,76 4,05 4,84 11.95 1,62 6.09 5.15 2.67 o413  30.68 6.09 2.47 43

10,20 1,83 8,62  12%.20 21,17 405 _4.085 12,07 1,65 6.,230 . 5,20 1468 __ 4017 31429 62192249 . .4}

10.30 1.83 8.50 123.60 21,57 4.05 4.85 12.19 1.68 632 5.25 1,68 Lo 22 31.91 6.30 2,51 okl
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Appendix E

Appendix E.

SHADOWGRAPHS OF SHOCK WAVE FORMATIONS AND FLOW
OVER A CONICAL TEST UNIT
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Appendix F

Appendix F.
TWO TO SIX-FOOT DIAMETER BLAST TUNNEL/ADDITIONAL PHOTOS
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Appendix F

Figure F1. Two by six foot Diameter Blast Tunnel/Conical Unit in Test Section (Ambient
Air Test)
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Appendix F

Figure F2. Two by Six foot Diameter Blast Tunnel/Aluminum Diaphragm at Muzzle End
for Initial Test Gas Pressure
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Appendix F

PROTECTIVE ..
STING WEDGER

-

4

B [ |BRE GLASS
~;'HAN9|§G STRAPS
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B TEST
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T e
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FLEXIBLE HOSE :
FOR INSTRUMENTATION &
WIRES

LAMINATED —
WOOD SECTIONS
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o : »
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»

Figure F3. Conical Unit in Test Section/Unit Suspension & Instrumentation Bundle
Explosively Cut after it is Engulfed by Blast Wave
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Appendix F

Pl R Lol A

= --_,: pELe

Figure F4. Shadowgraph of Blast Wave/Shockfront, Compressed Blast Tunnel Initial Gas
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Appendix G

Appendix G.

Six foot-diameter by 200-foot long shock tube/additional photos
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Figure G1. Six foot Diameter by 200 foot Long Shock Tube/3" Thick v_w 50 ft. Long,
Re-usable Driver Section
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Appendix G

Figure G2. PETN Explosive, 400 Grain/Foot, Primacord Configuration at Driver End/7
Vertical Plains of Primacord/Ends Taped Together with RP-1 Detonators
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Appendix G
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Figure G3. Six foot Diameter by 200 ft. Long Shocktube During Test
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Appendix H.

Six foot Diameter by 19 ft. Diameter Blast Tunnel Configuration
Photos
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Appendix H
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Figure H1. Six ft. by 19 ft. by 306 ft. Long Blast Tunnel
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Appendix H

Giant Water Vapor/Smoke Ring at Muzzle End During Blast Test

Figure H2.
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Figure H3. Shadowgraph/Shock Front/bow Wave from Sprint CTU/Water Vapor/Smoke
Ring




Appendix H

Figure H4. Photo/Sprint CTU/Water Vapor - Smoke Ring/During Blast Test

100




Appendix H
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Figure H5. Sprint CTU Trajectory Measure from 400 Frame/Second Film/1200 1b
CTU/Landed in Soft-Recovery Sawdust Pit and About 65 feet from Original Position
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Figure H6. Two foot diameter to 6 foot diameter to 19 foot diameter by 650 foot long Blast
Tunnel
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Appendix H

Figure H7. Two Foot Diameter to Six Foot Diameter to 19 foot Diameter by 650 Foot Long
Blast Tunnel




Appendix H

Figure HS. Stagnation Pressure Measurement Fixture/Transducers Installed 3,6,9,&12
Inches From the Blast Tunnel Surface/Boundary Layer Evaluation
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Two foot Diameter to 6 foot Diameter to 19 Foot Diameter by 650 foot Long
Blast Tunnel Drawing

Figure H9.
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Figure H11. LTU mnm.umﬁm& in 19 foot diameter test section
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Appendix H

Figure H12. LTU in 19 foot test section

108



601

Mopuim 0joyd/uoHBIUIWNISUY/ LT *¢TH 2ans1y

H xipueddy



Appendix H

{oe Al .

| m,mmwﬁm H14. Large sawdust soft recovery pit
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Appendix H

Figure H16. Final pre-test, LTU-parachutes-sawdust pit configuration
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Appendix H

Figure H17. Post-test, LTU in sawdust pit
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