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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-l/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 l-4 . 
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 over-pressure 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. It is 
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) 
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of the simulator. The driver end of the simulator is closed with an 1 g-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.2 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 (Sr) is supersonic, a secondary, 
rearward-facing shock wave (S2) is generated 5-1o. 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. 

? 

Y 
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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. K2 PL . 4 ,‘_ - - -- i l 

p2 p: 
; P3 *. PO 

I 

"2 
u; 1 uj u. 

T2 

p2 

a2 

xo x1 x2 . 
X 

DISTANCE 

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, tn , when the system has propagated beyond the 
divergent section. 

State 0 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, S2. The contact surface Cs 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 

t 

12 



Rankine-Hugoniot relations across the shock waves, the desired expression for the primary 
transmitted shock Mach number is derived in Appendix A and the solution by the Newton 
iteration method i2,16 ’ 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. 

Ml,, =M,* - 
-4M*P,(l-A) 2M*P, 

(I) 
4 

where 

M* =!!k 
a0 

(3) 

(4) 

2ao 
‘* = (y+l)M,, 

{[y;, -y][yM6 +1][ ;;I:;;; :;]r (3 

M2 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 .O 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 (M,i) 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 
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illustrates the fact that, as the area ratio increases, the shock strength, P#2, of the secondary 
shock wave, S2, increases. The curves of interest for this study were those for P#o and M*, 
since they concern the primary transmitted shock, Sr. 

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 
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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 3 100 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 

Nozzle Exit 
Shock Velocity 

(fPS) 

Test Initial Test 
Gas Gas 

Pressure 
( P W  

Nozzle Nozzle 
Inlet Static Exit Static 
Pressure Pressure 1 

(Psi@ (psis) 

Explosive Nozzle Inlet 
Weight Shock Velocity 

(PETN) (lbs) 

0.02<=W<=0.16 2000<=Vj<=11000 Air I 1<=P0<=12.1 1500<=Ve<=9100 

7000<=V,<= 12000 Helium l<=P0<=12.1 0.04<=W<=0.08 8500<=Vi<=15500 
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Figure 6. Shadowgraph of the Shock Wave at theconical 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 , Msl, for both helium and air at various initial test gas pressures in the range 1 .O i 
PO I 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, PI/Po, required for the nozzle exit shock strength, 
P~/Po. 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. 

c 

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. 

f 
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Figure 7. Nozzle Exit Primary Shock Mach Number as a Function of Nozzle Inlet Shock 
Mach Number 
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Figure 8. Nozzle Exit Shock Strength as a Function of Nozzle Inlet Shock Strength 
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The Figure 9 data are for an inlet shock Mach number, Msr, 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, Sr, and the secondary 
upstream-facing secondary shock wave, S2. This figure also shows that the static pressure, P2, 
indicated by a, +, decreases as the area ratio increases. The flow velocity in state 2, 
corresponding to P2, increases as the static pressure decreases and the area ratio increases. 

240 4- 
NOZZLE INLET CONDITIONS 

TEST GAS - AIR 
Msi . 4.09 

C- - 1130 FPS A,IA, . 1 f 
L 1 

?20 
t 
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3c- RANKINE-ItUCUNtUT FUR 

2001- Y - 1.4 kJ’*I - 2.55 / \ PRIMARY StlOCK WAVE , 

180 - 

IGU - 

140 - 

12u - 

loo - 

80 - 

60 

2uOO 3tml 4000 5OOu 6000 

U- FLOW VELOCITY - FPS 

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 Cvlindrical 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, Msr, required for a certain exit shock 
Mach number, M*, for both the conical nozzle transition and the cylindrical to rectangular 
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Figure 11. Shadowgr ' After the Nozzle Exit 

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 Cvlindrical 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. 
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Figure 14. Shock Tube Test Configuration for the Discontinuous Area Expansion Tube 
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Figure 15. Shadowgraph of Shock Wave 2.3" 



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, Msl, 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 (1 2.1 psia) initial test gas pressure with air as the 
test gas. Two explosive weights were used for each of the three test configurations. 

. 
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Figure 16. Shadowgraph of Shock Wave 17.7" after Discontinuous Area Expansion 
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Figure 17. Nozzle Exit Primary Shock Mach Number as a Function of Nozzle Inlet Shock 
Mach Number 

Table 2. Shock Parameters for a Conical Nozzle, a Cylindrical to Rectangular Transition 
Nozzle, & a discontinuous (no nozzle) Transition 

I 
Conical 
(8” exit dia.) 

Conical 
(8” exit dia.) 

Rectangular 
(4x8” exit area) 

Rectangular 
(4x8” exit area) 

i 

0.04 12.1 2.55 4425 3950 220 125 

0.12 12.1 2.55 6100 5400 470 245 

0.04 12.1 2.55 4100 3400 200 90 

0.12 12.1 2.55 6000 5000 400 190 
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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 .O 5 Pa L 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. 

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 Po a 

69- 168 

69- 12 

I 69-25 I 12.1 1 50 

1 69-35 1 12.1 1 70 

1 69-159 I 6.0 1 30 

69-49 

69- 102 

69- 1 84 1 .o 70 

vs CO Ms 
(fPS) @PSI 

2200 1172 1.9 

2350 1117 2.1 

2270 1 1097 12.1 

3140 I 1129 12.8 

4200 I 1134 13.7 

4100 I 1139 13.6 

(psia) (psia) 
0.9 59.2 32.7 

1 .o 60.2 44 

1 .o 60.0 43.2 

1.3 53.1 62.2 

1.5 15.8 25.2 

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 20 is 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. 

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 2 1 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. 

- -. PT-D 
134.8 PSIG - 

6.0 PSIA--- - 

- PT-0 . 
130 PSIG 

-c- 

. 6.0 PSlA-- 

140 PSIG 

6.0 PSIA- 

Figure 21. Stagnation Pressure Profiles from Four Transducers at 2.3 Diameter 



, -dd---; 

IArirllLl~ll ARRIVAL 1IME = 22. E7 111s 
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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, MS1 . 
Figure 24 shows the nozzle inlet shock strength, PI/PO, required for a nozzle exit shock strength, 
p3po - 
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Figure 23. Nozzle Exit Primary Shock Match Number as a Function of Nozzle Inlet Shock 
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Figure 24. Nozzle Exit Shock Strength as a Function of Nozzle Inlet Shock Strength in the 
2’ to 6’ Diameter Shock Tunnel 
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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. 

jIlli i 
I I I I 1 

Figure 2 
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TI:nT IS XILL'C-CONDS I-L 

:5. ‘;;tatic Pressure Profile at Nozzle lnlet (2 to 6’ Dkwter 

4 

i i i i I I 

Nozzle) 

TIME IN MILLISECONOS 

Figure 26. Static Pressure Profile at Nozzle Exit in the 2 to 6’ Diameter 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. 

50% Of AVERAGC PC/it: PRESSURE 

12.1 PSIA (AMBIENTt 
126.5 INITIAL TEST GAS PRESSURC 

u-u 
1 h?ILLISCCOND 

EVENT 69-35 
TEST GAS - AIR 
W - 10 LBS PETN PRtMACORD lEQUlVALENl TO 320 LBS PETN 

IN THE 6 FT DIA. x 200 FT SHOCK TUBE) 
INITIAL TEST GAS PRESSURE - 12.1 PSIA (AMBIENTI 
TEST STATION - 3.67 DIAMETERS AFTER NOZZLE I22 FEET) 

Figure 27. Static and Stagnation Pressure Profiles in the Test Section 3.67 Diameters after 
the Nozzle 
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Figure 28. Measured Nozzle Exit Shock Mach Number as a Function of Measured Nozzle 
Inlet Shock Mach Number for Three Area Ratios 

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 1 g-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: 

Wg=32W2 
Tg=3.17Tz 
&j = 3.17 x2 

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 0.3 15 
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 0.3 15 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 0.3 15 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 B-Foot to 1 g-Foot-Diameter Shock Tunnel 
The 19-foot diameter or blast tunnel was completed in early July of 197 1 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 over-pressure (AP), initial test gas pressure (Pa), initial sonic velocity (a& 
primary shock Mach number (M*), shock velocity (Vs), flow Mach number (Ms), shock strength 
(Ps/Pa), static impulse (I), and positive flow duration (t). These blast parameters were obtained 
from the measured over-pressures (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 over-pressure 
profile. A good approximation to the profile is obtained from the following equation: 

AP, = P,, [ 1 -(t/ta)]e-’ t/t~ ) 
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Where P,, = peak static overpressure and t,= positive phase duration. Figures 30 and 31 show 
static and stagnation over-pressure measurements near the muzzle end, respectively. The positive 
flow duration is about 32 milliseconds. 

Table 4. Nineteen Foot Diameter Blast Tunnel Flow Calibration Tests 

I k I I I I 
S/27/71 1 71-177 1 72 1 19 1 1147 1 1.54 1 1766 1 0.62 ) 2.57 1 0.27 1 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, Ps, and flow velocity, Us. The static pressure, P2, and flow velocity, U2, 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 31. Stagnation Overpressure Profile Measured 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 

l 

r 1 

I I 1 I I 
1, 

I I i I I 

A P(psigt MAXIMUM CAPABlLll'f 
19.5 (I’! - 320 Ibs) 

71-177 19.0 
71-145 23.0 
71-144 28.0 .\ 

71-178 29.0 
71-179 28.0 
71-146 33.0 
71-137 38.0 

;T TUNNEL 19-m DI AMETER BLA 
TEST GAS - AIR 

pD 
= 12.1 psia (ambient) 

EQUATION (A-40), 

9 8 
%I 

l 1130 rps a" 

Y- 1.4 / 

AZ/Al - 10 I / 
O- I I I I I I I I I I 1 

0.0 0.5 5.5 6.0 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 

MS1 - NOZZLE INLET SHOCK h\ACH NUMBER 
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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 over-pressure, 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 

40 



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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1 

Figure 39. Calibration Test Unit (CTU) in the 19-foot Diameter Blast Tunnel Test Section 
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5.0 Blast FacilitiedAdditional PhotoslShadowgraphs 

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: 

a. The beveled, 75 degree, 6-foot diameter muzzle end/test section, 
b. Giant water vapor-smoke ring at muzzle end during test, 
c. Shadowgraph of shock front, and bow wave from Sprint CTU, 
d. A conical, Calibration Test Unit (CTU) in the 19-foot diameter test section, 
e. The 16-foot long, 1200 pounds, Sprint missile, CTU trajectory measured from 400 

frame/set camera, and 
f. The Sprint missile, CTU in the large sawdust, soft recovery, pit after the test. 
g. The stagnation pressure measurement fixture(tansducers installed 3, 6,9, and 12 

inches from blast tunnel surface/measure boundary layer effects) 

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-l 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: 

a. Two foot diameter by 236 foot long shock tube, 
b. Two foot diameter to 6 foot diameter by 12 foot long conical expansion section, 
c. Six foot diameter by 297 foot long shock tube, 
d. Six foot diameter to 19 foot diameter by 40 foot long conical expansion section, and 
e. Nineteen foot diameter by 65 foot long test section. 

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* =W$Q, 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-l) below (from reference 11) can be used to find an expression for the 
flow Mach number, M2, in state 2 in terms of the area ratio across the nozzle and the flow Mach 
number Mr in state 1. 

dA y+l ‘[‘+qM2]+ds dA4 

~4 A -W-1) (l ; ‘32) R 
(A-1) 

Since ds = 0 for isentropic flow, equation (A-l) can be integrated between limits Ar and A2 to 
obtain equation (A-2) below. 

In+= Y+l In I 1+=&P 
2 2 -In M, 

1 2(Y-1) 1+y-1M2 1 t 4 
2 ’ 

1 

Equation (A-2) can be rearranged and simplified to yield equation (A-3), y+l 
XY-1) 

A2 w 
1+ y-lM2 

2 2 -= 1-l 4 M2 l+y-1& 

2 ’ 

Rewriting Equation (A-3), 

(A-2) 

(A-3) 

(A-4) 

The flow Mach number, MT, 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)=O. The solution by the Newton-Raphson method is in the 
following form: 
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M”., +f, -f(M) 
f'uw' 

Appendix A 

(A-5) 

This numerical technique converges, provided: 
1. Ma is sufficiently close to a root of f(M) = 0, 
2. F”(M) does not become excessively large, 
3. f’(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, Mz, and the solution is 
given by Equation (A-6) below. 

(A-6) 

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*: 

[ t 

,-Y-Ml 2Y -- -A4*2 +!&l)ll -p&M*2 +J&l]]. 
2Y pz Y-1 

[2$4* --L)+42]Z =O 

(A-7) 

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

where 

1 
52 

(A-9) 
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(A-10) 

(A-l 1) 

112 

(A-12) 

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. 
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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: 

P2 is given by Equation (A-l 1). 
a2 is given by Equation (A-12). 
M2 is given by Equation (A-6). 

w2 = M2sa2 

u2 = M,a, 

T2 =a,2 
fl 

pz 
p2 = RT, 

pr, =pr,Jt2 =Tt,44:! =A, 

State 3 Equations: 

2a,M * 1 
u3 = [ 1 l-- 

y+l iW2 

2(M *2 - 1) 

M3 = (J2q*2 -(y-l)I(y-1)M’Z +21)1’2 

U3 a3 =- 
M3 

2 

T3 ~5 
fl 
p3 

p3 = RT, 

(B-1) 

03-2) 

(B-3) 

(B-4) 

(B-5) 

(B-6) 

(B-7) 

(B-8) 

(B-9) 

(B-10) 

(B-l 1) 

(B-12) 

State 3’ Equations: 

P3 = P3/ 
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1+ Y52 

I- 1 

1’2 
2s iv; = 

)MtZ Y-l 
2 

a; =u~lM3/ 

T; _ ca;j2 
Ip 
4 

PI =RT,’ 

(B-13) 

(B-14) 

(B-15) 

(B-16) 

(B-17) 
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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 

---------------.--G---------------------.-----------------------------------------------------------------~-----------. 
c THIS PROGRAH CALCULATES THE BLAST WAVE PARAMETERS Al THE 
C EXIT OF A OIWFNT NOW THE MD771= ml&T 

10 C CONDITIONS , THE SPECIFIC HEAT RATIO fGAf?liA) OF THE 
___-_____....~._-_C_-----~ . . ..TESTwI.AS ,..ANO.lHE.AREA~_RAlIO.~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~. 

C 
__________________ C __________ NSETS.~NUnBER.OF..S~TS.-0~. DATA ________________________________________--------- 

C H=NU!lDER OF PAGES OF OUTPUT 
; I i  

C 
__________________ C __________ fr?Sl~~~Sl~NOZZLE~.I~LE~~St(OCK.~4CY.NUYBER _________________________________ 

C FHl=til=NOZZLE INLET FLOH MACH NUMBER 

C PRl l/PO ZD =NgZZLEINLETSHOCKSTRENCTH PRESSURE 
BEHIND THE SHOCK TO INITIAL PRESSURE RATIO) 

---.----...---....~-----------J~~~~~J-~~~~~~L~-LNL.EL-S[lA.r.IZ..JEr~.~A~URE.-~A.~la..dZ~oSS-gilOt~-- 

x5 _______________ E ____________________----------------------------------- _ _____-__-_--_------------------------------- 
C 
C FHWMm-SHOCK 

Fff2=H2=NOZZLE EXIT FLOW MACH NUtiBER UPSTREAM OF THE 
__________________ c” ___________ __________ SECONDARY-SHOCK-FRONT ________________ _ _____ _____._ I ____________ _ ____ 
30 C URt=U2/&O=NCZZLE EX:T FLOH ‘.‘EL”CITY TO I?!ITIAL SONIC 

__________________ C ____________________-.. VELOCIT~~~4~.IO~~U~S~.RE4~~O~~~.SECO~~O4RY.S.Y~CK..F.ROYTC ______ 
C PR2=~2/PO=STATIC PRESSURE UPSTREAfl OF SCCONOARY SHOCK TO 
C LfiLLIAl-T.EsL4ASJREzS.U~E-R4TIO 

TRZ=TZ/TO=STATIC TEtiPER4TURE UPSTREAtl OF SECONDARY SHOCK 
-35 _______________ c” ____________________--. TO-INITIAL-JEST..CAS ..~‘flPERA~URE.RATIO ________________________ 

__________________; ___________ F~SJ=~S~=~~‘=NOZZLE. EXIT. PRItiA’tY TRANSHITTEO .SHOCK.WICH.HOc _____ 
c Fti3=H3=NOZZLE EXIT PRIHARY TRdNSHITTEO SHOCK FLOW 
C tI4mRFR 

40 C UR3=U3/4O=VELOCITY RATIO ACROSS THE PRIflARY TRANSMITTEO SHOCK 
---------------._C__----------------- -IFLOW TO SONIC. VELOCITY) ___. ____________ ___________..___.._______ 

C PRS=P3/PO=SHOCK STRENGTH OR STATIC PRESSURE RATIO 
e-1 ____ - __________ C __________: __________. ACRk_THE.PRIhARY,TikMTTED .SHOCK.FRONT _________________ 

C TR3=T3/TO=ST4TIC TEMPERATURE RATIO 4CROSS THE PRIfl4RY 
45 c L~NSYI~TITEO-S~OCK_E.RO~T 

C AR3=43/AO=SONIC VELOCITY RATIO ACROSS THE PRIflARY TRANSHITTEO 
__________________ C ______________ ._____ SHOCK FRONT._. ___. - _____ _._______ _____ .________________._____________ 

Fti3P=tl3(PRIME)=FLOW H4CH NUHB’-R IN THE REGION BETWEEN THE 
__________________: _________________ ___. SECONO4RY SHOCK ANO TqE CONTACT .SURFACE.FOLLOYING ________ 
50 C THE PRIHARY TRANSHITTEO SHOCKtDEYONO THE NOZZLE) . L 
-_-_--------------E _--.---________.____ _ ____.______.____. _____.___..._-..-..-.--..-----.------------------------------ -. 

REAL flu 
-55 __________________.________ READ.e(5,13!NSETS . ..______ _ _____ _____.__________________________________--------- _ 

Y 
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------_-__---_-_--__ 13 _________ foRn!u~.lIZl~_______~_~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ '_ ___________________________________ 
DO 970 IA=l,NSETS -. -- 

REAO ~5rl5~tA.AR.TNIN.D~Sl,lUAX 
FORHAT (SFl5.7) 

________________________________________---------------------------------------- 
Fflll21=0 

------------------------------- fnZZJdl_=_D_-_-_____-------------------------------------~---------------~-------------- 
FM1 Ii) =THIN 
N=(TflAX-TflIN)/DtiSl 

65 H=(N/40)+1 
---------------_--------------- PQ-.95.‘Ll~i1H ________________________________________----------------------------------- 

HRITE 16,520) 
52X ----------------__-- _______ EQRY~.LllHlJ ________________________________________------------------------------------ 

WRITE (6,510) 
70 510 FORMAT IlY .+ SLAST WAVE PARA-IETERS BEFORE AND AFTER A DIVERGENT 

1 NOZZLE l ,111) 
~QITiC-tb ~3O).C~---------_--------~--~-~--------~-----------~-------~------~~---~---- -------------_---_________________ 

530 FORMAT (lti ,* SPECIFIC HEAT RATIO (tAf+fiA) = l vF6.3) 
WRITE (6t530J.48 ._______________________________________------------------------------ _-_______________________________..._ _______ 

75 540 FORMAT (1H ,* AREA RATIO ACSOSS THE DIVERGENT NOZZLE. 
5 + = ‘rF6.2.//) 

WRITE 16,550) 
.-__________________ 550 ________ FPIIHATe.!lH-e ~‘.~!I!I(NQZ.~LE..I:~L~T~CPNO!.~I~NS) !.).)!.!!?.!>.i ________________ 

6 ‘(((l(SECONOARY SHOCK CONOITI3NS)I)l)l) ((PRIHARY l 

.-.8_0~-____________------~-~-~--~-~- l TRANSr!I.~~EO..S~oc.K~~CQNO.~T~OHS) )-t/☺ _________________________ z _______________ _ _ . . . _ . 

WRITE 16,560) 
560 FORHAT IlH ,~SHOCK~,3X,~FL~W~.3X,~FLO~.,4X,*SHOCK..4X. 

*TE~P~,3X,42NORY’2X~CZNDRY~,3X,~2ND~~~3X,~2NORY~,3X, 
~---'~NORY~,Z.X.I~PR~~~,~~.~~PRI~~,~.X,~~~~~~,~X,~PRI~~~,~~,--_~_---_-~~~-~---- --------------------------- 

a5 1 l PRIHC,3X,*SONIC~,4X,*flACH NO.*) 
WQITE (b&V! ._______________________________________----. ____________________________ ___-________________------------.- ._ ______ 

570 FORMAT lltl ,+nACH’,4X,.nACH’.3X,.V~L.~,4X,CSTREN’,SX, 
1 ~RATIO’~2X.~SHO.CK2.2~~L.O_W’.4X~~FLOH+,4X,~S~~~,3X. 

+TEMPC,3X,‘SHOCK~r2X,~FLO~~,3X,~FLO~~,2X,~SHOCK*,2X 

WRITE (6,590) 
----------~--_____~580~__~_-~-F~R~AT-_!iH. I'NO..~~~.X~'NO.C~~X,*RATIO~,I~X~~~AC~~~JXI~~~~~~~~~~_~_~_~~. 

5 ~nACH+,4X,+VEL.~,4X,4STREN~ .3X.‘RATIO+,2X,*HACH*,3X, 
6 +~~ACH~.3X,~V~L,~.2X.~Sl~~~~lX~.RATIO.,2X~~RATIO~,4X, 

95 r *ANO ZNORY’) 
------------------_____________ “RITE... (69~590) _.__.___._.__.... __._____..__ _.._________.__________________________ 

590 FORMAT IlH ,39X,~NO.*,4X~*NO.',5X,*RATIO*,laX, 
1 l ~0.~~4x,+~o.r~.4~,r~~~1~~~24x ----------------__________ __-.. *?SHOC,K+J/J ________ __________.____________ -__ 

WRITE (6,600) .f I ‘, ,-P# 
100 600 FORMAT IlH ,*MSl* 5X *Hi* 5X .UI/AO+ 3X l Pl/PO',4X, - .--?---L.--I - .L ._ --.,- .-L---- 

7 l Tl/TOC,2X,CHS21,4X,‘HZC16X,~~2/A~*,3X,~P2/P0., 
______________________ -me_8 ___. 3X~tT2CTOr~2x.1HS3L.~X~*~3g 15X,*U3/A0+,1~ ‘P3/PO* v _. . _. _ -t- __ _ _ __ _ _ _ _ _ _ _ __ ____ 

9 2X,CT3/TO+,2X,'A3/A0~,4X,~~3(?QI~E)~,//l 
_____ 00 900 r=2r42.see _ __ . ..________.___._. _ .___.. _ _.___ _________________________________ 

105 FNSl~I~=FHSl~I-il+DtlSl 
PRl lI~=1~2.+G~,_/.~.G~,l,~~F~~Sl~I~4~j2.~~GA-~.~~_/_Lt~tl.~~ _. --. -__ 
UR1lI~=12.+FHS1~II~/lGAtl.~r(l.-~l,/FHSl~I~~~2~~ 

: 

_______________________.__. TQl~I~=~PRllI~*fl.t~GA-l.l/.lG~*l.)+PRI~I~ ,.,/.._--.-.---_....--_---.---_-- 
6 ((GA-l.~/ItAtl.~tPRl~Ill 

LID~-----.~.~ __.__ _._ 'W?(GA:l.,l/(tA+l.) . _ _ _ _ _ _ _ _ _ . _ _ . _ _ _ _ _ _ _. _ . _ _ _ . _ _ _ _ _ . _ _ _ . . 

. 
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_________________________________ ~~1~11~;~1,.-nU~~~P41~1~-1.~.fS9Rl11./.741~1Z).~1~~~.~~.~~..~~~~~~~~. 
7 (S~RTl(l!t~Ul~(PRl(I)*nU)1) 

C~.Tl 
Cb-GA/CGA-I.1 . . 

__--_----------------- 90.0 ________ CWTLN’JE ________________________________________--------------------------------- 
130 805 FW51(11=FliS1~11 

950 CONTINYF 
970 CONTINUE 

STOP _____________________________________ ____________________--------------------- -----------I-...----------------- 
EN0 
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EN0 
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Appendix C 

. 

ciZf.Y~.~=.(Cl2+~2.-.~4t~CtO~~~2l.).!.rlC~.-.4,~~.~S33I.K~~J.l,/_Fi~2tJI1~~~~~~.~~~~~~~~ ---_----------------------------- 
7 ~Cl2~-~2,~F~S33~K~~~l./PR2lIll~ClD~~2~-~2.~ll.~AR2~I~l 
8 LA+Cll:.C.lO)) ____________________--------.-------- .._______________________________________-------------------------------------- 

20 FtiS33~K+l1=Ft4S331K)-P2lK) 
IF (PaSfFtlS33(K+l)-FMS33fK 1 I -.0005)670.870.860 

860 CONTINUE 
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Appendix C 

c SHOCK FRONT 
SU3ROUTINE SYST (GA,I,C13,C14) 

~~~5~~~~~~~~~~~~~~~~~~~~~~~~~~~co~~oN~~~~l~10~, ~UR111001.1191.~10.0~ r~Hl11001,EnZ11001~~~~. 
9 PR2f100~,AR2~1001,FNS31100),P43o1U43~100~,FN3~100~. 

is AR3(II=UR3fI)/Ftt3(?) 
TR311)=AR3(I)CC2 
FNS2~.~!~!l.~rlR2l~~'~ft?ZZIIL~?iZ~~l.tP.~1.J.~.I2,.~.G.~!~..~~~~~~~~~~~~~~~~~ ___---____--_____-__-------------. 

3 +lGA-l.)/(2.tGA))c+.5 
TW!I~~~:?R?!.I!+f? ___________________________ ____________________________________ ___________-_____-__------------- 

20 URZII)=FN2lI)*ARZ(I) 

FN3Pf~~=~~l..?(!.G~,l,.!/t,~~~~~~~~~~~~~~~2J~~.~~~~A~~!F~st~IJ.t~2?.~~~~~. ____________________------------.-..-~..._.._ 
2 -((CA-1.)/2.)) be*.5 

25 R-TURN __-._____________-__-----------~. -_______________________________________------------------------~~----.---------.---- 
END 

, ,. ;;;. 
, 
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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 .O AND 15.0 
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. .- 
BLAST "AVE PARA"EYERS BEFORE AND PFTER A DIVERGENT NOZZLE 

TABLE D-I 
____..________ -... -.-- . ..-_-.....--.-..-- 

SPECIFIC HEAl RAlIO ICI*'(A) = I.400 
AREA RAT13 &CROSS THE DI\IERGENT NOZZLE = 1.00 

--- ,,t,,,NOZZLE INLEl CONOIlIONS~lI~IIIllIlIiIlSECOHOARY SHOCK CONOITIONSlllll~lIlPRInlRI TRANSPITTED SHOCK CONOlTlONSI~ 

__-_ ..-. 
SHOCY FLO" FLON SH,CY YE"P 

RAT,0 :;",;: :::*w' 
tNDRY'-. -2NORY '.-ZNORY PRl" PRIP PRlM PRIM PRI" SONIC nlCHiEiEc-- 

"AC" MACH VEL. SIPEN FLOY SHOCU IEHP SHOCU FLOW FLOW SMOCK IEIIP VEL. 821. CONT. 

NO. NO. RATIO “AC” “AC” VEL. STREN RATIO MACH “AC” VEL. STREN. RATIO RATIO AN0 ZNDRY 

NO. NO. RATIO NO. NO. RATIO SHOCK .._.... 

. ._... 
._ 2.20'. -1.07... 1.45 5.48 l.l36 I.00 1.07 1.45 5.48 1.86 2.20 1.07 1.45, 5.41 1.16 1.16 l.Od' 

9.3" 1.1, ,.5r. 6.00 1.95 I.OP I .,I 1.55 6.00 1.95 Z.JO ,.I1 1.56 -5.94 I.95 1.40 1.00 .._.-- .--_ _._- __.. _.._ ._.. ..-- 
2.40 1.16 I.65 6.55 2.04 I.00 I.16 i.65 6.55 2.04 2.40 1.16 I.65 6.49 2.0b 1.43 1.00 

9.7" t-9, ,.O‘ ".3C ,.I‘ 1.00 1.27. ',I.94 1.34 2.34 2.70 1.27 1.94 8.27 2.34 1.53 1.00 
_...._ __-. ._.,. -_-. _ . _ _ . 

. 
. 2.60 1.10 2.04 8.98 2.1.5 1.00 1.30 ii04 s.9s ii45 2.AO 1.30 2.04 6.92 2.45 1.57 1.00 

..2.90 1.33 2.13 9.b4 2.56 1.00 I.33 Z.,J 9.b11 2.56 z.90 I.33 2.13 9.56 2.56 1.60 l.OO........-. 
3.00 I.36 2.22 10.33 2.68 1.00 1.36 2.22 10.33 2.66 3.00 I.36 2.22 10.27 2.60 1.64 1.00 

LLlQi.~lILto4- 
3.20 1.41 2.41 Il.78 2.92 1.00 1.41 2.41 11.7) 2.92 1.20 1.41 
3.30 1.23. 2.50 12.54 3.05 1.00 I.43 2.50 12.53 3.05 3.JO 1.43 1.00 .._. 
3.40 1.45 2.59 13.32 3.16 ‘1.00 1.45 2.53 13.32 3.18 3.20 I.45 2.59 13.26 3.16 I.?8 1.00 
i:sn ILL7 2.6” -._- . . . . __-- IL.11 _ ___ 1.32 1.00 ._._ _... 1.47 

ii49 
2.66 14.12 3.31 3.50 L-47 2.66 ~.. 14.01 3.32 1.82 ..l.QO . .._.. 

3.60 1.49 2.77 14.95 3.45 1.00 2.?7 14.95 3.45 3.60 1.49 2.77 14.69 1.45 1.66 1.00 

~:~~.:~2,~~-:'.~~-~.~~-:.~",~.:~:.~~-~~.~~--~.~~~.:~-:.:~"2.~~',.~"3~';~~~:--Q"--- 
. 

1:54 3:oc - I?.56 * 3.119 ,:oo ' 

. * . . . . 1.00 
3.90 1.54 3.04 l?.Sll 3.09 3.90 1.54 3.04 17.52 .3.19 1.91 . . . ..l.OO.......... 
4.00 I,lb J.lit II.'JO 4.0, I.00 1.53 J.12 l(l*YO 4.05 4.00 1.55 J.13 16.44 4.05 2.01 1.00 

-4.10 .1.57 .3.21 19.44 4.20 1.00 1.57 3.21 19.44 4.20 4.10 1.57 3.21....19.38 b.21 2.05 .._.. 1.00 .____._.._.’ 
L.20 I.51 3.30 20.4, 4.37 1.00 1.50 3.30 20.41 4.J? 4.20 I.56 J. 30 20.35 4.37 2.09 1.00 

-!LaBU l319L4P'4,SL 
4.40 1.60 1.48 22.42 4.70 

..4.50 1.61 3.56 23.46: 4.66 
4.60 1.62 3.65 24.52 5.05 

..4.70....1.63 . ..3.74 . ..25.60 5.23 
A.00 1.64 3.83 26.71 5.42 

-E-- 
53.91ZLd!4&L 

..s:ro _. ::z. 4.00 4.09 29.00 30.18 5.10 6.00 
5.20 1.68 4.17 11.36 6.20 
5.30 1.66 b.CO _ ___ . ..4.26 32.60 
5.40 i.b9 4.15 31.15 6.61 

1.00 1.62 3.65 24.52 5.05 4.60 

1.00 1.63 3.74 25.60 5.23 4,70 
1.00 1.64 3.83 26.71 5.42 1.80 

lr+9*l¶.-ll.dc4.13~5i.0P 
1.60 3.48 22.3b 4.70 2.17 1.00 
1.61 ii57 . ..23.40 4.08 ..Z.Zl .-...I.00 . . . ..__.... 
I.62 3.65 24.46 5.05 2.25 1.00 
1.61 3.74 ___ 25.54.. 5.23 2.29 .___ l.QQ........... 
1.64 3.81 26.65 5.42 2.33 LOO 

.L.65-&9~LZCsLbl-L3L--LQo 
1.b6 4.00 21.94 5.00 2.11 I%00 
1.67 4.09 30.12 .6.00 2.45 . . . ..l.OO........... 
1.66 4.17 31.32 6.20 2.49 l”O0 
1.66 4.26 32.54 2.53 _.. .6.&O . . . ..I.OO.. 
I.69 4.55 33.79 6.61 2.5? I,. 00 

7.26 1.00 5.70 1.71 
5.80 1.71 4.69 39.06 7.46 1.00 1.71 4.69 39.06 7.46 5.80 1.71 4.69 39.02 7.46 2.74 .I.00 

..5.90....1.r2 4.76 40.44 7.7I 1.00 1.72 4.73 40.44 7.71 5.90 I.72 4.7A 40.3ll 7.71 2.78 , 1.00 .- . 6.00 1.73 4.86 41.13 7.94 1.00 1.73 4.66 41.ll3 7.94 6.00 1.73 4.66 41.77 7.94 2.82 1.00 ; 

4.10 1.73 4.95 .l.QQ- 
6.20 1.73 5.03 

kL?-pLIL..& Pe42~4il5.~43.24-Q.lQ~~.~~~.~~~~””~b 
44.66 cl.42 1.00 1.73 5.03 44.b) 8.42 . . . 44.62 1.42 2.90 ,I.00 

a 
.t 
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DLAS, WAVE PARA"EYERS BEFORE AND AFTER A OIVERGEH; NOZZLE 

TABLE D-I (a... 
-- .! 
” ’ ’ 

___---.- ~ -- _--~. . -~- -.~.----. - - --~ 
SPECIFIC HEAT PA110 (GAW~AI = 1.400 

AREA RATIO ACROSS THE DIVERGENT NOZZLE = I.00 

- 
tll(liNOiZLE iNLET CONDlTIONS)llllIlIl)l~I~ISECONOARY SHOCK CONOITIONSlllllll~tPRINARY TRANSHITTED SHOCK~CONOITIOHSli 

-----..-___ ---. _- _--.- ___... .-__~ - -... ~ -.--- 
SHOCU FLOU FLOY SHOCK TEHP ZNORY ZNORY ZHORY ZNORY--- ZNORY PRIM PRI? PRIM PRIM PRI" SONIC "AC" NO. 

MLCH nACH VEL. SliEN RATIO SHOCU FLOY FLO" SHOCU TEHP SHOCK FLOW FLOW SHOCK TEIlP VEL. BET. COY?, 

NO. NO. PA110 IIACH "AC" VEL. STREN RATIO MACH "AC" VEL. SYREN. I1AllO RATIO AN0 ZHOR" 

NO. NO. RI110 HO. NO. RATIO SHOCK _.. 

6.30. 1.74 5.12 45.14 6.66 1.00 1.74 5.12 46.14 8.66 6.30 1.74 5.12 46.06 1.66 2.94 1.00 

-.b.40 . ...1.74 5.20 57.62 6.91 1.00 I.?‘ 5.20 47.62 6.91 6.40 1.74 5.20 47.56 A.9, 2.96 I.00 . . . 
6.50 1.75 5.29 49.12 9. lb 1.00 1.75 5.29 49.12 9.16 6.50 1.75 5.29 49.06 9.16 l.OJ 1.00 

~'.6~-+2~~~0'." 59,4 1-I. 0 a-lc75, 5.17~~50.65.-~9.41.-6.60__1.79~5.37~-80.59-9.4U~07-~0Q- 
. . . 52.20 9.67 1.00 1.76 5.*c 52.17 9.67 6.71 I.76 5.46 52.23 9.66 3.11 Q 00 

.b.60 ,..l.lb.. 5.54 53.76 9.93 1.00 1.76 5.54 53.74 9.93 6.11 1.76 5.55 53.60 9.95 3.15 1.00 
6.90 1.76 5.63 55.JA JO.20 1.00 1.76 5.bJ 55.14 10.20 b.91 1.76 5.63 55.40 10.2, 3.20 1.00 
7.00 i.77. 5.71 57.00 10.41 1.00 1.77 5.71 56.96 IO.47 7.01 I. 77 5.72 57.02 10.48 3.24 I.00 
7.10 1.77 5.60 58.64 10.74 I.00 1.77 5.60 58.61 IO.74 7.11 1.17 5.60 5O.bb IO.76 3.28 I.00 

s01./7 
1.10 1.711 

5. 8.5 60,31 Il..4~1.QQ~,~7~5,~~~6O.26~___JI.O2~~,~~~~.f~~~.6940,J1~11.44~5.~!2~.QP__. 
5.9, 62.00 ,I.,0 1.00 I.76 . 61.97 11.30 . . 5.97 62.02 11.32 3.3b 1.00 

7.40,. .i;rs. iii5 63.72 
7.50 1.76 6.14 65.46 
7.60 ..I.?6 6.22 67.22 
7.70 1.79 6.11 69.00 

Ldu,79 L39IP..Bl- 
7.90 I.79 6.46 72.64 

.8.20 ..I.60 6.73 78.26 
8.30 1.10 6.02 60.20 

13.70 
14.02 

I' 14.34 

-14. §6. 
14.99 
15.32 
15.66 

lb.09 
88.10 

16.00 90.14 
$6.34 92.21 

~,p,~~~~~~~~~~~~~~~i1;~~~~~-~.~~-~~.~~~~.~~~~.~gP~.~~-~.~~-94,3Clh.714.Qe___l,PP___ 
. 

.9.20..~.1:12...7:56 

. . . 
17.40 1.00 * 

. . 
96.54 - 17.40 * * 

. 9b.45 I?.Ob 4.13 1.00 
96.56 1.62 7.58 9.20 1.62 7.56 9s.it.9 17.41 4.17 1.00 

9.30 1.12 7.66 100.74 17.76 1.00 1.62 7.66 100.70 17.76 9.10 I.62 7.66 100.75 17.77 4.22 91.00 

72.66 13.09 3.62 1.00. 
Il.00 1.79 6.57 74.51 13.40.. 3.66 . . . ..l.OO _....... 
8.10 1.80 6.65 76.39 13.71 3.70 1.00 
6.20 I.¶0 6.74 76.29 14.03 3.75 .I.00 . 
6.30 I..¶0 b. 82 60.21 14.35 3.79 1.00 

-~.40~1.00~6.90-Q2.1614.63_l.~QSi,p0 
0.50 1.80 6.99 64.13 15.00 3.67 1.00 
0.60 1.61 7.07 86.13 15.34 3.92 1.00 ..__ ___ 
6.70 1.81 7.16 68.15 15.67 3.96 1.00 
a.80 i.8* 7.24 90.19 16.01 4.00 1.00 ._... _.___.. 
6.90 1.81 7.33 92.25 16.36 4.04 1.00 

.ii60 7.07 66.12 .._ 1.81 
6.70 1.31 7.15 IS.14 
.0.10 ..,.(I ..7.24 90.16 
11.90 ,.A, 7.J2 92.74 

1.00 
-l.OO- 

1.00 
1.00 
1.00 
1.00 
1.00 

1.00 
-1.QO 

1.10 
I.81 
1.81 
1.81 
I.81 

6.05 
6.14 
b.21 
6.31 

-6.3% 
6.46 
6.56 
6.65 
6.73 

6.62 

-1190. 
6.91 
7.07 
7.15 
7.24 
7.32 

13.70 
14.02 
14.34 

-14.66-m 
14.99 
15.32 
15.66 

16.00 
16.34 

11.59 
11.8s 
12.17 
12.47 

-lZ..ZL 
IS.08 
Il.39 

I.00 
1.00 
1.00 
1.00' 

_t.OQ- 
1.00 
1.00 
1.00 

.I.00 

.I.78 
I.76 
1.78 
1.79 

-lr79. 
1.79 
1.79 
1.80 
1.80 

63.66 Il.59 
65.42 11.8.J 
67.16 12.17 
bA.97 L2.47 

30;73-it.ZL 
72.61 13.06 
74.46 13.3.J 
76.34 
76.25 
80.17 

.QZ.lZ- 
84.09 

7.40 1.78 6.06 b3.73 11.60 3.41 ..l.OO 
7.50 I.?6 6.14 65.47 11.69 3.45 1.00 
7.60 1.71 6.23 67.2s Ii.19 3.49 . ..I.00 __. 
7.70 1.79 6.31 69.02 12.46 3.53 1.00 

~9.40~~.1.52. 7.74 102.92 16.12 1.00 1.62 I.74 102.61 18.12 9.40 I.62 7.75 102.93 18.14 .4.26 __. 1.00 
9.50 l.IZ 7.113 105.12 16.49 1.00 1.62 7.n.1 105.09 16.49 9.50 1.62 7.63 105.13 18.50 4.30 al.00 
9.60 1.62 7.91 107.35 ,a,~66~1.00~,,62~7.91~~.107,32 18.66- 9.60~1,b2~7,92~107.36~1~.~1~4r$~__1,00_~ 
9.70 1.62 a.00 109.60 19.24 1.00 I.62 8.00 109.57 19.24 9.70 ,.A2 I.00 109.61 19.25 4.39 al.00 - 

..9.80.... 1.62~~6.08 Ill.66 19.62 1.00 1.62 Cl*O.¶ III.64 19.62 9.60 I.e.2 7J.08 II,.89 19.63 4.43 .11,00 __ 
9.90 ,.A3 a.17 LL4.16 20.00 1.00 1.13 A.17 IL4.14 20.00 9.90 I.63 6.17 114.19 20.01 4.47 .l.OO 

10.00 1.83 6.25 116.50 20.39 I.00 1.33 A.25 116.46 20.39 10.00 I.83 6.25 116.51 2O.SO 4.52 *I.00 
10.10 1.63 1.33 116.A4 20.76 1.00 ,.A3 6.3J 118.bl 20.78 10.10 1.63 6.34 116.86 20.79 4.56 *I.00 

lpLzpi.lJZIZl~ 
10.30 1.63 8.50 123.60 

l~lLml.QO~l.Q1_... :A: A;;.:; 
21.57 1.00 1.63 l . 

21.17 ..10.20.--1.6~4r.42~21,22~~~19~~,~~~,~~~ 
21.57 10.30 1.03 6.51 123.62 21.58 . . 

Y . 

. 

._ 
. . 



BLAST HAVE PARAHElEPS BEFORE At,0 AFTER A DIVEQGENT NOZZLE 

TABLE D-II 
__- __--.___ - .._. . . . _- _ 

SPECIFIC HEAT RATIO ,GANqAI = 1.400 

AREA RATIO ACQOSS THE DIVERGENT NOZZLE = 1.78 

I~lfl~NOZZLE INLET CDNDIYlONSIII~IIIl~lll~liSECONOAQY SHOCK CONDIYIONSllIl~lll~PRI~ARY TRANSMlYTED SHOCK CONDI710NSll 
--. .- ..- - 

SHOCK FLOU FLOY SH3CK IENP ZNOQ" ZNOQY ZNORY ZNDW-' ZHORY PRIN PIIt' PRI" PRI" PRIN SONIC “AC” NO. 
MACH MACH VEL. SlqEN RATIO SHOCK FLOH FLOY SHOCK TEMP SHOCK FLOW FLOU SHOCK 1EHP VEL. BET. CONT. 
NO. NO. RAllO "AC" "AC" VEL. STREN RATIO MACH "AC" VEL. STREN. RATIO RAI 10 AND ZNDRY 

NO. NO. RATIO NO. NO. RATIO SHOCU 

JFiL- lLAOPy~OTL/_O-~SZ~nt-~U2/AO-PZ/PO~21lO~.nS3 ._.~3.~U3~AeEJ/P01311O~A3/AP~!~ 

2.20 1.07 1.45 

._ 2.36 1.11 1.55 
2.40 1.16 1.65 

1n.FllL-l. ZP~l.75~ 
2.60 1.11 I*A5 

2.70 1.21 1.94 
2.80 1.30 2.04 
2.90 1.13 2.13 
3.00 1.36 2.22 

~a.l01*1~2,aL 
3.20 1.41 2.41 

3.30 1.43 2.50 
3.40 1.45 2.59 

3.50. .I.47 .2.61 
3.60 1.49 2.17 

%:'I: ..- :.;;-..y: _._._ 

.3:90....1:54 3:04 
4.00 1.55 3.12 

-4.10 . ..1.57....3.21 
4.20 1.56 3.30 

5.40 1.86 1.74 
6.00 L.95 L.70 
6.55 2.04 1.67 

-T.lz- -2.14 -1.65-e 
1.72 2.24 1.62 
A.34 2.34 I.61 
1.98 2.45 1.59 
9.64 2.56 1.50 

10.33 2.61 1.56 
JL.O4- -2.10 -l.55- 
11.71 2.92 1.54 
12.54 3.05 1.53 
13.32 3.16 1.53 

14.12 3.32 1.52 
14.95 3.45 1.51 
15.00 Jab0 . ..l.'.l... 
L6.b” 3.74 1.50 
17.50 1.89 1.50 
16.50 ,b.O5 1.49 
19.44 4.20 1.49 
20.41 . 4.37 1.49 

2.07 
2.08 
2.09 
.2.10. 
2.11 
2.12 
2.14 
2.15 
2.17 

.2.11 
2.19 
2.21 
2.22 
2.23 
2.24 

2.25 
2.2b 
2.27 
2.28 
2.29 
2.30 

2.29 
2.37 

. 2;45 
-2.54. 

2.62 
2.71 
2.50 
2.09 
2.98 

-3.07- 
3.16 
3.25 
3.35 
3.44 
3.54 

._ -3.63 
3.72 
3.62 
3.91 
4.01 
4.10 

1.29 1.23 1.97 
li4.l 1.31 2.06 
I.60 1.30 2.15 

.e-1.89- -1.46-w2.23 
2.11 1.54 2.32 
2.33 1.63 2.41 
2.57 1.71 2.50 
2.01 l.c.0 2.59 
3.06 1.19 Z.bI 

.-a.at_ -1.91-t. LL 
3.51 2.08 2.16 
3.06 2,lA 2.94 
4.14 2.28 3.03 

4.44 2.313 3.12 
4.74 2.49 3.21 

_ .-9.05 --2.60-e.3.30 
5.36 2.71 3.39 
5.68 2.82 3.40 
6.02 2.94 3.56 
6.36 3.06 3.65 
6.71 3.10 3.74 

_. . . 
.94 1.22 4.2.5 1.66 1.29 .63 

.99 1.31 4.70 1.73 1.32 .64 .._.. 
1.04 1.40 5.14 1.81 1.35 .bS 

-1.OR~1.49~5.59-1.C.9~1.37-b5~ 
1.12 1.51 6.07 1.97 1.40 .b6 
1.16 1.67 6.56 2.05 1.43 ..67 _... 
1.20 1.75 7.07 2.14 1.46 .67 

1.23 1.14 7.59 2.23 1.49 -68 
1.26 1.92 8.14 2.32 1.52 .b6 

_1.19Z.Q0~~.70~2.42~1.IS~ba 
1.32 2.09 9.28 2.51 1.59 .69 
1.34 2.17 9.18 2.61 1.62 .69 .._.... 
1.37 2.25 10.50 2.72 1.65 .69 
1.39 2.33 11.14 2.03 1.66 .69 ._ .__.._ 
1.41 2.42 11.79 2.94 1.71 .?O 

.~1.43~2.50~12.4w.05~1,75.10~ 
1.45 2.58 13.16 3.16 ,.I8 .?O 

1.47 2.66 13.06 3.21 1.61 ._..... 70 ._._.___. 
1.48 2.74 14.59 3.40 1.05 .?O 

1.50 2.62 15.34 3.53 1.88 ._... .70 . . .._._. 
1.51 2.90 16.10 3.66 1.91 .71 

~~01.593L3921.~0~.i3~1.41~2.3~4.t0~~~.07~3.30~3.~1~~~2,9,b~9~,73~.9i.li 
4.40 1.60 3.41 22.42 4.70 1.48 2.32 4.29 7.44 3.43 3.92 I.54 3.05 17.69 3.92 1.96 .?I 

..r.:; . 1.61 1.62 -3.56 5.65 23.46 24.52 4.08 5.05 1.40 1.47 2.33 2.33 4.39 4.49 7.01 0.20 3.56 3.69 4.10 4.01 1.55 1.57 3.21 3.13 11.51 19.35 4.06 4.20 2.02 2.05 ..,71 .?l ..__. 

-4.70. e1.63.. 3.74 25.60 5.23 1.47 2.34 4.50 6.59 3.03 4.19 1.5.3 .I.29 20.21 4.34 2.00 ___._. .71........_. 
4.80 1.64 3.63 26.71 5.42 1.47 2.35 4.6.9 A.99 3.97 4.25 1.59 3.37 21.09 4.49 2.12 .?l 

~4.90~.553.91~27..34~ S.bLl.CT-2.354.?7----9.40 ~4.11__4.3b.-l.b03~4J2119141b4_2..15~ 
5.00 I.66 4.00 29.00 5.00 1.47 2. Ib 4.87 9.12 4.26 4.45 l.bl 3.52 22.90 4.79 2.19 .71 

6.00 1.46 2.37 4.97 10.24 4.40 4.54 1.62 3.10 23.63 4.95 ,.z.*t . ..'.....71 ..:rI. 
6.20 1.46 2.37 5.06 . 10.6A 4.55 4.63 1.63 3.66 24.75 5.11 2.26 .72 

.5,30 .e1.66.. 4.26 32.60 6.40 1.46 2.30 5.16 11.12 4.71 4.72 1.64 . ..3.76.. 25.75...5.27 2.30 ..: . . .72 :.. . . 
5.40 1.69 4.35 33.05 6.61 1.46 2.36 5.25 11.57 4.06 4.01 1.64 3.13 26.74 5.43 2.33 ' .72 g 

29.61 5.95 2.44 ..‘....72 .*: _.. 
5.00 1.71 4.69 39.08 7.46 1.45 2.40 5.64 13.46 5.52 5.lb 1.67 4.14 30.67 6.12 2.41 .72 

.5.90 1.72.. 4.76 40.44 7.71 1.45 2.41 5.74 13.95 5.69 5.25 1.66 4.22 31.95 -6.30 2.51. -72 .___ 
6.00 1.73 4.16 41.03 7.94 1.45 2.41 5.03 14.46 5.06 5.34 1.69 4.29 33.05 6.49 2.55 .?2 

_hlQ~~Q~43~t~:~t~_I.45_214L_:.~:_ b.20 1.73 . 44.b6 . 1.45 2.47. . -‘4.9t~~~~~_~.~~_~.~~~~~-Jlc.lL6~h2~~ IS.40 . . . . 35.30 b.86 2.62 

,. 

. . 



BLAST HAVE PARAHElERS BEFORE AN0 AFTER A DIVERGENT NOZZLE 

.._~-- _...____ .._____ ~.__. 
SPECIFIC NEAT RATIO (GAM’fAl = 1.400 

AREA RATIO ACROSS THE OIVERGENT NOZZLE = 1.18 

TABLE D-II (Cont. 1 

‘-I~iiltNDLZLE INLET-CDiDITIDNSI~lIlIllllI~l~ISECDNOARY SHOCK CONDIlIONSIilllll~,PRI”ARY TRANSMITTED SHOCK COND~TIDNSII 

--._--- _ _-_ 
SHOCK FLOY FLOY SHJCK TEHP ZNDRY ZNORY ZNORY ZNORY ZNORY PRIM PRIP PRIM PRl” PRIM SONIC MACH ND. 

.blACH HACH VEL. SIIEN RATIO SHOCU FLOW FLOU SHOCU TEMP SHOCK FLOW FLOY SHOCK TEHP VEL. BET. CONT. 
NO. NO. RATIO “AC” “AC” VEL. STREW RAlID “AC” “ACP VEL. STREN. (11110 RATIO AN0 2NDRY 

SHOCY ND. NO. 11110 NO. NO, RAIID 

e!SLflnlI~AO plLE!l-U/TO .-YSZd2 -UZ/AP- .P2l~O~elZILO-~P3.s.sJ!3 ~U311LP_e;lLPLLaLIo-AlLBDIllEl- 

6.30 -1.74.. 5.12 46.14 6.66 1.45 2.42 6.12 16.01 6.40 5.61 1.70 4.52 36.45 7.05 2.66 
. . . 

.72 

..6.40 ..1.?4 ,_ 5.20 47.bt 6.91 1.45 2.42 6.22 16.55 6.58 5.70 1.71 4.60 37.63 ?.25 2.69 _. 72 

, 

6.50 1.75 5.29 49.12 9.16 1.45 2.43 6.32 17.09 6.77 5.79 1.71 4.66 36.62 1.45 2.73 .72 
~~~60~1,19~5.$7~50.,65~9.41~1.45~2,~3~6.~1.~~17.b4~6.96~~’r.B7~1.~2~4,~5~0.03~~1~65~~.~~ .I2 

6.70 1.76 5.46 52.20 9.67 1.45 2.43 6.51 16.20 7.16 5.96 I.72 4.63 41.25 7.85 2.60 .I2 
- ..6.‘3’J ;.;; 5.54 53.76 ._.. 6.06 2.64 .I2 9.93 1.44 2.44 b.61 16.77 7.35 6.05 1.73 4.91 42.50 

6.90 . 5.63 55.38 10.20 1.44 2.44 \, 6.70 19.35 7.55 6.14 1.73 4.96 43.76 I.27 2.66 .72 

45.05 a.49 2.91 .72 7.00 1.77 5.71 57.00 10.47 1.44 2.44’ b.AO 19.93 7.75 6.23 1.74 5.06 ._ 
7.10 1.77 5.80 51.64 10.74 1.44 2.44 6.90 20.53 7.96 6.32 1.74 5.13 46.35 8.70 2.95 .I? 

~~~~.~~~.~~-b0..31-11.02-1.44-~.~~~~.~~-21.13~ ~.~~~6.41~1.74~5.21~47.67~1.92~2.99 .I2 
. 62.00 11.30 1.44 . 21.74 . b.50 1.75 5.29 49.01 9.15 3.02 .72 

1:70 _ 4.59 6.59 5.36 50.36 9.37 3.06 .I? 7.40 6:05 63.72 11.59 1,*4 2.45 7:19 22.36 I.?5 ._ 
7.50 L.76 6.14 65.46 11.11 1.44 2.45 7.21 22.99 a..¶1 6.67 1.75 5.44 51.74 9.60 3.10 .72 
7.60 1.78 6.22 67.22 12.17 1.44 2.46 7.30 23.62 9.03 6.76 l.?b 5.51 53.13 s.14 ._ 9.84 .I* 
7.70 1.79 6.31 69.00 12.47 1.44 2.46 7.48 24.27 9.25 6.85 I. 76 5.59 54.54 10.07 3.17 .I2 

-L.6~J.29~6.19~70.11~12.71~1.~4~2,4b~~.~~~24,92.~~.~~~~~.~~~.~~~5,6b~5.97~0.31~.2~ 7.90 1.79 6.40 72.64 13.08 1.44 2.46 . 25.58 ’ 5.74 57.42 10.55 3.25 .I? .I2 

.8.00 .1.7¶ 6.56 74.50 13.39 1.44 2.46 7.77 26.25 9:94 7.12 1177 5.82 58.89 10.80..3.29 .I2 _,._ _._. ~. 
6.10 I.50 6.65 76.36 13.70 1.44 2.47 7.86 26.93 10.17 7.21 1.77 5.69 60.36 11.04 3.32 .72 
6.20 1.80 6.73 71.20 14.02 1.4‘ 2.47 7.9b 27.61 10.41 7.30 l.?A 5.97 61.18 11.29 .3.36 .7Z 
“.JO l.“O b.“l “0.20 L4.14 I.44 2.47 (I.Ob 21.31 10.b5 7.39 1.78 b.04 63.40 11.55 3.40 .72 

4.40~r50~b.90-62~1514~6b,1.44-2.41~6~15_.29.01~ 10~69~7.47~1.76~6.12~64.95~11.61~,44 .72 
8.50 1.00 6.99 64.12. 14.99. 1.44 2.47 6.25 29.72 11.14 7.56 1.76 6.19 66.51 12.07 3.47 .72 

.Q.60... 1.11. 7.07 86.12 ’ 15.32 1.44 2.47 6.35 30.44 Il.36 7.65 1.79 6.27 66.06 3.51 12.33. . ..73 .~ 
6.70 1.51 7.15 II. 14 15.66 1.44 2.46 6.44 31.17 11.64 7.74 1.79 6.34 69.68 12.59 3.55 .I3 

. ..1.81 31.91 11.19 1.83 1.7Y 6.42 71*30 12.66 3.59. _.... 73 8.QO 7.24 90.18 16.00 1.44 2.46 6.54 
1.90 1.11 7.32 92.24 16.34 1.43 2.46 6.64 32.65 12.15 1.92 1.79 r2.93 6.49 13.14 3.62 .73 

.73 

.I3 

9.30 1.82 7.66 100.74 17.76 1.43 2.48 9.02 35.72 13.21 6.27 1.60 6.79 
17.94 13.97 3.74 ____.. 73.. 
79.b5 14.26 3.71 .I3 
61.37 14.54.. 3.81 .73 . .._. 

.73 

.?a------ 
66.66 15.43 3.93 .73 

_ 9.80 66.46 15.73 3.97 .73 .__ 1.82 .3.OI 111.66 19.62 1.43 
9.90 1.53 6.17 114.11 20.00 1.43 2.49 9.61. 40.57 14.66 .5..51 1.81 7.25 90.26 16.03 4.00 .73 

10.00 1.53 6.25 116.50 20.39 1.43 2.49 9.70 41.41 15.17 Il.90 1.61 7.32 92.12 16.33 4.04 .73 
10.10 1.13 6.33 ill.84 20.76 1.43 2.49 9.00 42.25 15.46 8.93 1.6, 7.40 93.97 16.64 4.06 .?I 
lL2Di.l--hA Ll2lLtl-2l.lll.~J_f.49~.9.9O 43.11 15.7b .9.07-. lr6L--~~47_.98.05_16.96_4.12.7~ 
10.30 1.53 6.50 123.60 21.57 1.43 2.49 9.99 43.97 16.06 Y.lb 1.62 7.55 97.74 1?.27 4.16 .73 

I 



. 
BLLST WlVE P,RL”EYERS OEFORE AN0 AFTER A OIVERGENT NOZZLE 

TABLE D-III 
-_--- ----- . -- _ _. -.-_--.__.-- 

SPECIFIC HELT 91110 lC!lMYAl = 1.400 

ARE4 RLYIO 4CROSS THE DIVERGENT NOZZLE = 2.55 

lll~ffNO22LE INLET CONOI7IONS~~~~~l~~~~((I((PECOND4RY SHOCY CONOITIONS~l~~~l~llPRl~~RY TRINStlITTEO SHOCK CONOIlIONSl~ 

-_-. -- --. 

SHOCK FLO” FLOY SH3CK TEMP ZNOQ” *NOR” ZNORY ZHOR” ZNORY PRI” .- PRIP -- PRIR PRl” PRIM SONIC MACH NO. 

“r&C” UACH .VEL. SrPEN RATIO SHOCK FLOW FLOW SMOCK 1 E”P SWOCU FLOY FLOW SHOCK row VEL. BET* CONT. 

NO. NO. RA,lO “PC” “AC” VEL. STREN RA,IO “Ad” )o.CH VEL. STREN, RATIO RAT 10 AN0 ZNORY 

NO. NO. R&r10 NO. NO. RATIO SHOCK 

-ni IfP_Q_.-Jl/JQ.~~S2.-_~2.~ YZIAO- .PZ/PQ.~~72/TO-K53 .._nJ--_UJ/A~3/Por;rrrO~luo~ 

-2.20 1.07 I.45 5.40 I.86 2.17 2.47 2.50 .b9 I.03 1.62 .85 1.06 3.62 1.55 1.24 .55 
.A.30 1.11 1.55 b.00 I.95 2.12 2.48 2.5’) .?9 1.09 1.90 .9% 1.15 3.98 1.61 1.27 .56 

2.40 1.16 1.65 b. 5S 2.04 2.09 2.4” 2.61 .90 l.,b 1.91 .95 1.23 4.36 l.K? 1.29 .56 

f”b~~~~.::-:l:~:.::-:.“o:--:.:“1--..:.’,”,-..- :.f: ~..~.~‘,--2.“7...1.“0~~.~~-~.~~‘.7”.”’---’”--- 
. 

2.7% ’ 
. . . . 

I.27 1.94 8.34 2.34 2.00 * 
. 

2.52 :’ 2.94 
. 

I.26 ’ 
2.15 1.04 . . 1.81 1.35 .57 

1.36 2.23 1.08 1.49 5.57 1.86 1.37 .5% 
2.80 1.30 2.04 I). 9ll 2.45 1.43 2.53 3.04 1.31 1.44 2.31 1.12 1.57 6.01 1.96 1.40 .58 
2.90 1.33 2.13 9.64 2.56 1.16 2.55 3.11 1.52 1.51 2.4% I.16 1.65 6.46 2.04 1.43 .51 
3.00 1.3b 2.22 10.33 2.68 1.94 2.56 3.22 I.65 1.59 2.46 I.19 1.73 6.9, 2.12 I.45 .S¶ 

2.2% I.51 .59 
.6Q 

3.40 1.45 2.59 13.32 3.16 1.09 2.61 3.61 2.26 1.91 2.11 1.30 2.04 0.95 2.46 I.57 .60 
-3.50 I.47 2.6% 14.12 3.32 I.88 2.62 3.71 2.42 2.00 2.09 1.33 2.12 9.49 2.55 ._ 1.60 __ .bQ .__.._ 

3.6% 1.49 2.77 14.95 3.45 1.87 2.63 3.%Q 2.56 2.09 2.97 1.35 2.19 10.06 2.64 I.63 .6% 
3.60~1.%6_1.611~3.902.76~2.1%~3.05-~1.37Z.27~10.63__1.L*_1.66.60- 
3.74 l.I6 2.b5 4.00 2.33 2.2.s 3.13 1.39 2.35 II.22 2.14 I.69 .60 
J.ll9 1.n5 2.6b 4.10 3.11 2.37 3.22 1.41 2.42 11.81 2.94 1.72 _. . ..61 ._ .._ 

4.00 1.0’1 1.12 ,A. no 4.05 1.1)4 ?.b? C.ZJ 3.50 I.L? 3.30 1.41 2.50 12.4b 3.05 1.75 .61 

.4.10 I.57 3.21 19.44 4.20 I.84 2.66 4.10 3.49 2.51 3.11 1.45 2.97 13.09 a.15 1.78 . . . . ..a 61 
4.20 1.56 3.30 20.41 , 4.37 : 1.63 2.69 4.4% 3.68 2.66 3.4b 1.46 2.64 13.75 3.26 1.61 .6I 

3.30.-2.73-3.s4..~.4a2.724.42_;1.3a4a4.6- 
4.09 2.19 3.63 I.49 2.79 15.11 3.49 l.Q7 .6I 

..4.50 1.61 3.56 23.46 ‘4.00 1.02 2.71 4.70 4.30 3.00 3.71 1.51 2.67 IS.%1 3.61 .I.90 ..___ .61 .____.._. 
4.60 1.62 3.65 24.52 5.05 1.82 2.72 4.30 4.51 3.11 3.79 I.52 2.94 16.53 3.73 1.93 .61 

..4.70 ..1.63. 3.74 _. 25.bO 5.23 1.81 2.73 4.90 4.73 3.23 1.31 I.53 3.01 17.26 3.15..1.9b . ..__.. 61 . ..______ 
4.00 1.64 3.03 26.?1 5.42 1.81 2.?3 5.00 4.95 3.35 3.95 1.55 3.06 16.01 3.98 I.99 .61 

4..9Q~L3.91~22.3lL--r, 
5.00 I.66 4.00 29.0% 

.611.01~.~~~~.~~~.~~~3.47-~4.0~.5h~~~~_l%.7%~4~1Q_1,~~~~ 
5.80 1.no . 

5:30 5:65 
3.59 4.12 I.57 . 19.56 4.24 2.06 .62 

..5.10... 1.67 __ 4.09 30.16 6.00 1.10 2.15 3.72 4.20 1.5% 3.30 20.36 4.37..2.09 ., __. 62 .._._.___ 
5.20 1.6% 4.17 31.3% 6.20 1.80 2.76 5.40 5.90 3.b4 4.2% 1.59 3.37 21.17 4.50 2.12 .62 

,.5.30.. I.68 4.26 32.60 6.40 1.79 2.76 5.50 6.14 3.97 4.37 1.60 3.45 22.00 4.64 ._ 2.15 _._.._ .62.. .._.. 
5.40 I.69 4.35 33.05 6.61 I.T9 2.77 5.60 6.39 4.11 4.45 1.61 3.52 22.04 C.?% 2.19 .62 

~:“,-:~:~,::-::,.~~-~.~t-:.:~--:.::---:,::-~,~:-.“.“-. 4.53_.1.62_3.59-23.~Q-4,91_2.22.6Z 
. . . . . . . . 

5.91: 
. 4.3% 4.bI 1.61 3.b6 24.5% 5.07 2.25 .62 

.5.70 ..l,ll.. .4.60 37. rc 7.26 1.79 2.7% r.13 4.52 4.69 1.63 3.73 25.47 5.22..2.29 _.___. 62 .._._.._ 
5.00 t.11 4.69 39.06 7.48 l.T.5 2.T% 6.01 7.45 4.bb 4.18 L.64 3.81 26.3% 5.31 2.32 .62 
5.90 . 1.72 4.78 40.44 7.71 1.7.3 2.79 6.11 l.72 4.00 4.66 I.65 3.%% 27.30 5.53 2.35 .62 
6.00 1.73 4.66 41.03 7.94 1.7% 2.79 b.21 3.00 4.95 4.94 I.66 3.95 20.24 5.6% 2.S% .b2 

-42.101.13 i--Ld&3 
6.20 I.73 5.03 44.66 

__Q,lO-~~7a-:.~~_~.t:-_~,:~.- ;A! -.:,~:_:.~g_:,~qZ-9rZe_lldU.~,Z__r6- 
8.42 I.73 . . . . . . . 30.17, 6.01 2.45 ’ .62 

. 
D 
s 
3 
a 
X 

::’ 
: 

0 



_.. 
BLAST YAVE PARAMETERS BEFOQE AN0 AFrER A OIVERGEHT NOZZLE 

TABLE D-III (Cont.) 

SPECIFIC HEAT RAllO AGARHAI = '1.400 

AREA .P..411@. 4CWSSKTHE. OIVERGEW .NOZZLE.= 2.55 ._____ __ 

(ItltINOZZLE INLET CONOIlIONSllII~~~l~~IllflSECONOAPY SMOCK CONOITI~NSlIIllIl~lPRIfiARY idANSHIliE0 SHOCK CONDZlXO~Sii-----~------------ 

-.- 
SHOCK FLOY FLOY SHJCK TE"P ZNORY ZNORY ZNORY ZNORY ZNOQY PRI" PRIP PRIM PRI" PPIH SONIC MACH NO. 

.IACH..... NlCN.... VEL, .__ .SrSEN . RATIO SHOCK FLOW FLCIY SHOCK IEMP SHOCU FLOY FLOM ..SMOCU .TEMP . ..VEL. . . . . ..BEl.. CoN7.a 
NO. NO. RAlIO "AC" MACH VEL. SlREW 11110 "AC" "AC," VEL. SIREN, RATIO RArlo AN0 PNOR" 

. _ . _. _. . . NO. NO. .eArxo NO. No. 941 IO .._. . ..___ .____.. SHPCK _._____ 

"21 Ml UIIdo PI/PD U/z!JJ!IU ZUtf.A4PZ~_PO2/TOS~~J U&O/PO 13/TP AU10 t3lPRIttEI 

_ . . . . 
6.30 1.74 5.12 46.14 0.66 1.7% 2.ao 6.52 I.87 5.41 5.19 1.6% 4.16 ..I 31.16 6.17 2.40 .62 

..6.4%.e.1.74 __ 5.20.... 47.62..... a.91 1.73 2.%1 6.62 9.17 5.56 5.27 1.b6 4.23 32.ib..t.34..2.52 . . . . . . . . 62 _________ 
6.50 1.75 5.29 49.12 9.16 1.77 Z.%I 6.72 9.4% 5.72 5.35 1.69 4.30 33.1% 6.51 2.55 .62 

-L6Oi.TsllL5&4 S~u.~u2rl~.62'9.7~~9.015.43_11494.3u4~2~6r6~~s.62 
6.70 1.76 5.46 52.20 9.b? 1.77 2.%1 .6.92 IO:10 6.05 5.52 1.70 4.45 35.2b 6.06 2.62 .62 

..6.‘30..- 
6.90 

I.76 .;A: _._. 
I.76 . 

7.%%... 1.77.. ;.',:.... 
7.10 I.77 

_z120.?7 5:68 
7.30 1.7% 5.97 

.7.40....1.76.. 6.05.... 
7.50 1.73 6.14 

_ 7.60 .wl.l% ._. 6.22.w. 
7.70 1.79 6.31 

-ZdQiJ~613~ 
a 7.90 1.79 6.4A 

8.00 l.I9 b.54 
A.10 1.80 b.b') 

.8.ZQ....l.50 . ..6.73 ___ 
1.30 1.80 6.82 

_IL4P1.40uIL 
A.50 I.80 6.99 

.0.60...1.01... 7.07 
1.70 1.81 7.15 

8.80 ____ 1.01 ._._ 7.24 
8.90 1.81 7.32 

53.73 9.93 
55.38 10.20 
57.00 ._ 10.47 
58.64 10.74 

4a,3 u id D L 
62.00 11.30 
63.72.-u 11.59 
65.46 11.88 
6?.22... 12.17 
69.00 12.47 

2Q.3l~12.11 
72.64 13.08 
74.50 lJ.39 
?b, 1" 11.1% 
70.2% 14.02 
80.2% 14.34 

-Et,-14,66- 
A4.I2 14.99 
EL.12 . 15.32 
Lie.14 15.66 
90.10 16.00 
92.24 16.34 

1.77 2.02 . .7;02 10.41 6.21 
I.77 
Ii?? 
1.77 

1.71. 
I.77 
1.77 
1.77 

2.02 7.11 IQ.74 b.3A 
2*A2 7.23 -11.06 6.55 
2.13 7.33 Il.&O 6.73 

+Y~-1.4Lll.LLb.9P. 
. 7.53 12.07 7.0% 

.2,%3 7.63 .12.42 ?.Zb 
2.83 7.74 12.77 7.45 

1.76 2.84 7.84 13.13 
I.?b 2.14 7.94 13.49 

~Lj~-2A--6.0c-13.0L 
. 2.A4 %.14 14.22 

1.76 2.04 3.25 14.59 
L.,b 1.15 B.15 14.97 
1.76 2.05 A.45 ._ 15.36 
I.76 2.05 8.55 15.75 

1.Lh-2.65.6L-16,1'~. 
I.76 2.85 8.76 lb.54 
1.76 2.05 %.A6 16.94 
1.76 2.16 0.16 17.33 
I.76 2.%6... 9.Ob ..I?.?4 
I.16 2.06 9.16 18.Ib 

- 

- 

7.63 
7."2 

-1.01. 
a.21 
8.40 
ll.bO 
8..¶0 
9.00 

-9.21. 
9.42 
9.63 
9.n4 

10.06 
10.27 

5.60 
5.60 
5.76 
5.04 

-5.93- 
6.01 
6.09 
6.17 
6.26 
6.34 

-6~42- 
6.50 
b.58 
b.b? 
6.75 
6.03 

2.91- 
7.QO 
7.oe 
7.16 
7.24 
7.32 

1.70 4.52 
1.71 4.59 
i;ri 4.66 
I.72 4.73 

-1*lt4,00~ 
I.73 4.87 
1.73 4.94 
1.73 5.01 
1.74 5.0.9 
I.74 5.15 

A. 7.L5.22. 
I.75 5.29 
1.75 5.36 
I. 75 5.43 
I. 7b 5.50 
I.76 5.57 

~lLZfi15b644 
1.77 5.71 
1.77 5.7.3 
1.77 5.85 
1.77 5.92 
1.7A 5.99 

36.33 7.03 2.65 . . . ..m.62... ..__ 
37.41 7.21 2.69 .62 
30.51 7.40 .2.72 . . .bz ___ ___ 
39.62 I.58 2.75 .62 

A4~J~-L.7U~7L6- 
. 7.96 2.02 .62 

43.06 A.I6..2,86 . . . . ...62 __._.__. 
44.23 0.35 2,%9 .62 
45.43 8.55 .2.92 . . . . .bZ ..___.___ 
46.63 a.75 2.96 .62 

-~;.~~",.~~~*;:~----"- 
. . . .b3 

50.35 9.37. 3.0b . . . ..__. 63 ________. 
51.62 9.5% 3.10 .bJ 
52.91 9.%0 3.13 . . . . . . ..63......... 
54.21 10.02.. 3.16 .b3 

-WiU~U 9‘,.3.~6t69~1.74_2~dl9.26~~16,5~10.497.4U~~101~J5U~-‘I 
9.10 1.11 7.49 9b.44 17.04 I.7b 2..5b 9.37 19.01 IO.72 7.49 I.78 b.13 65.16 11.84 3.44 .63 

..9.20 ____ l.O?.v.7.56 ___ 98.58... 17.40 1.76 2.%6. IO.94 1.7% 9.47 19.44 7.57 6.20 66.62 12.08 
61.0% 12.33' 

3.40.....-.,63.:......- 
9.30 I.92 7.66 100.74 17.76 1.76 2.66 9.57 19.07 11.17 7.65 1.79 b.27 3.51 .63 

e.9.%O..J.a2 .._ 7.?4....102.92 IO.12 2.06. 9.67 20.31 11.40 7.73 1.79.. 6.34:.. 69.56.12.57 . 
9.50 I.02 ?.A3 105.12 I%.49 

;.;: 
. 2.07 9.7% 20.76 11.63 7.62 1.79 6.41 71.05 12.02 

3.55,..-....:~.:-...... 
3.5.3 

a.06 I.60 b.62 75.62 13.5%.. 3.69 . . . 0.15 1.80 6.69 77.11 13.A4 3.72 a&-- 

%.I3 1.60 6.7b 7%.75 11.11 3.7b .63......... 

Y . 



I * ! 

-ELLSi’ W6iE P4RA”EYERS BEFORE 4NO IFTER 4 OIVERGENY NOZZLE 

TABLE D-IV 

SPECIFIC HE41 RATIO (GIMM41 = 1.400 
fiRE4 R4TIO 4CROSS IliE OIVERGENT NOZZLE = 4.00 . _. . _ _ _ 

. 
llllllNOZiLE-XNLE~~CONOIlIONSl~~~~ll~lll~lllSECONOARY SHOCK CONOITIONSIlIIl,,,,PRI”ARY TRlNSMITTEO SHOCK CONOITIONSI) 

----- --.- ..-__ --.- ..-.--..- -_ 
SNOCY FL0 W FLOW SH’JCY TENP ZNORY ZNORY ZNDRY LNORY PNORY PRI” PRIF PRlH PRlM PRIM SONIC M4CH HO. 
MLCH... ..HACtl ‘.‘EL. SliEN RATIO StiOCK FLOW FLOW SHOCK YEW SHOCU FLOW FLON SHOCK IENP VEL. __.. BEl...CONL. 
NO. NO. RAlIO NIGH n4cn VEL. STREN RLTIO MACH NACk VEL. SlREN. RI110 RLTIO AN0 ZNORY 

NO. NO. RPIIO NO. NO. RI110 . . SHOCK _______ 

. . 
2.20 1.07 1.45’ 5.48 1.06 2.78 2.94 2.69 .13 .a3 1.63 .72 .85’ 2.87 1.41 1.19 .49 

2.30 .__. 1.11. .1.55 6.00 1.95 2.72 2.95 2.74 .I8 *89 1.71 .77 .93 3.11 1.46 1121 . . :49 . .._.._.. 
2.40 1.16 I.65 6.55 ’ 2.04 2.67 2.96 2.67 .43 .94 1.78 ..33 1.02 3.47 1.52 1.23 .50 

-1.101.752---Z .991.6b~(1~.111~Ze_l.lL425~ 
2.60 1.23 1.15 7.72 

.14-G?.bZ2,9~..9.49- 
2.2‘ 2.59 2.91. .“S.OG .55 1.05 1.93 .92 1.16 4.11 1.63 1.26 .50 

..Z.?O 1.27.. 1.94. -8.34 2.34 2.55 2.99 3.15 .61 1.11 2.00 .96 1.25 4.46 1.69 1.30 __.-. .51......._.. 
2.30 1.30 2.04 8.96 2.45 2.53 3.01 3.25 .6? 1.17 2.08 1.01 1.33 4.81 1.15 1.32 .51 

..2.90 _.._ 1.33.. 2.13 ..__ 9.64 2.56 2.50 . ..3.02 _. 3.15 .I3 1.23 2.15 1.04 1.41 .__._ 5.17.. 1.82..1.35 _..__. .51______.___ 
3.00 1.36 2.22 10.33 2.68 2.48 3.03 3.45 a.30 1.29 2.2J 1.08 1.48 5.55 1.66 1.37 

-I~Ln---Lln--z~LlLLn Uz.d01L463,95,55 II1.362.30-lLlUir5 EL-.-.LY4-l9S .cBL 
s.20 1.41 2.41 11.78 2.92 2.44 3.06 3.65 .95 1.42 2.37 1.15 1.63 6.35 2.02 1.42 .52 
3.30 ._. 1.43 2.50. ._ 12.54 ._ 3.05 2.42 3.07 ___ 3.75 1.02 1.49 2.45 1.1.3 1.70 ..6.76 -2.09 -1.44 . .._._. 52 ____.____ 
3.40 1.45 2.59 13.32 3.16 2.41 1.08 3.65 1.10 1.56 2.52 1.21 1.77 7.19 2.16 1.47 .52 

. ..3.50 ____ t.C7... 2.68 ____ 14.12 .___._ 3.32. .2.40. 3.09 ____ 3.95 _.._. 1.16 1.63 2.60. 1.23 1.44 ____. 7.63.. 2.23L1.49 ._._. . ...52 _________ 
3.60 1.49 2.77 14.95 1.45 2.39 3.10 4.05 1.26 1.70 2.67 1.26 1.91 8.09 2.31 1.52 .52 

-3.10.~1.51-2.06-s- 15.60.-.-...J.bO-2.Jl -3.11--4.15~llJC~l.7I .-2.74~~1.26-.1.96~n.55~2.19~.s5.11 
1.10 l.UC C,‘ll I6.L” J, 74 ).lb 1.13 4.Zb 1.41 1.44 Z-I2 I.Jl 2.05 9,OJ 2.47 1.57 .5s 

. ..3.90. 1.54 3.04 11.50 J.89 P.Jb J.11 4.16 1.52 1.9J 2.09 1,JJ 2.12 9.52.. 2.5¶ 1.60 .._.._ .¶3 ._____.._ 
4.00 1.55 3.12 16.50 4.05 2.35 3.14 4.46 1.61 2.02 2.91 1.35 2.19 lO.OJ 2.64 l.b2 .53 

e.4.10 1.57 3,21.__. .19.44 ‘_ 4.20 -2.14. 3.15 4.51 _. 1.71 2.10 
4.20 1.58 3.30 20.41 ; 4.37 ,2.33 3.16 4.67 1.00 2.16 

3.04 ltJ7 __. 2.26... 10.55...2.73...1.65 _______ -53 ._....__.. 
3.11 1.39 2.33 11.00 2.82 1.61 .53 

4.1pD-.--.?L4 0 4..51--2d~.llkrl 1.902.27-~.lP_1L4I*~91.6731~- 
4.40 1.60 3.48 22.42 4.70 2.32 3.11 4.05 2.00 2.36 3.26 1.42 2.46 12.11 3.00 1.73 .53 

-4.50 1.61 3.5b ..__ 23.46 _. 4.88 2.31 3.18 4.91 2.11 2.45 3.34 1.44 2. 53 __. 12. 75. ..3.10... 1.76 ______..a 53 _________ 
4.60 1.62 3.65 24.52 5.05 2.31 3.19 5.09 2.21 2.54 3.41 1.45 2.60 13.33 3.19 1.79 .53 

-4s70 ____ l.b3 ___. 3.74 _____ 25.60 ._ 5.23 .2.30... 3.20 .__.. 5.19 _,___ 2.32... 2.64 3.46 .1.47 __ 2.66 13.92...3.29..1.I1 . ..e.e.. 53 _________ 
4.60 1.64 3.83 26.71 5.42 2.30 3.21 5.30 2.43 2.73 3.56 1.41 2.73 14.53 3.39 1.84 .53 

-4L9Pi.dS3,91ZL.IG .6L2.303.215,41 .542.ll.61458*6 D15-.3As,P1.11.51 
5.00 1.66 4.00 29.00 5.80 2.29 3.22 5.51 2.66 2.91 3.71 I. 51 2.86 15.71 3.bO 1.90 .54 

..S.lO ____ 1.67 ____ 4.09 .__. 30.10 6.00 2.29 3.22 5.61 __. 2.70 3.03 3.78 
5.20 

1.52. .2.91 ..16.43...3.71..1.91 .______a 54 _______ __ 
1.‘68 4,17 31.38 6.20 2.28 3.23 5.72 2.90 3.14 3.85 L.53 2.99 17.09 3.62 1.95 .54 

-5.30 _____ l.bI ._._. 4.2b _._.. 32.bO . ..6.40 2.28 3.23 _.__ 5.32 __ 3.02 3.24 
5.40 1.69 4.35 

3.93. 1.54 ____ 3.06.....17.76...3.93..1.96.........54 _._______ 
33.15 6.61 2.21 3.24 5.91 3.15 3.35 

2--.-66,8U.2L3~2~blPr’ 
4.00 1.55 3.13 18.44 4.05 2.01 .54 

SP 04.41sLi 
5.60 

3.2l1.4L4,9~5619.144.16_t..P4 .54 
1.70 4.52 36.42 7.04 2.27 3.25 6.14 3.40 3.57 4.15 1.57 3.26 19.85 4.28 2.07 .54 

.eS.?O~ ____ 1.71____ 4,60 __.__ 37.74 . ..7.26 2.27 3.25 6.25 3.53 3.69 4.22 1.58 3.32 
5.80 1.71 4.69 39.08 7.48 2.27 

. 20.57...4.40..2.10... ._._.. 54 _________ 
3.26 b.35 3.67 3.61 4.30 1.59 3.39 21.31 4.53 2.13 .54 

u5.90 el.72 ____ 4.78......40.44 __.__ 7.71 ..Z.tb:.. 3.26 __. 6.46 3.60 3.92 4.37. -1.60 3.45.. 22.05...4.65..2.16...-me... 54 _____.___ 
6.00 1.73 4.86 41.63 7.94 2.26 3.27 6.57 3.94 4.04 4.44 1.61 3.52 22.81 4.78 2.19 .54 
6.10 I.73 4.95 43.24 6.1U.21 3.2 

3 2Y’” 
IBd4.174.5U56 23.59 4.9 

6.20 I.?3 5.03 44.66 8.42 2.26 . 6.76 4.2s 4.29 4.59 1.62 3.65 24.37 ‘5.04 2.24 



. 
.SLAS~ NAVE PARANETERS- BEFORE ANO AFTER I.~IvERGEN~ NOZZLE 

. . _ __ . 

. . ~...... . . 
TABLE D-IV (Cont.) 

--- 
SPECXFIC HE41 RATIO (GLMNAI = 1.400 - 

..4RE4.RAT~O..4CROSS..~HE..OIV~RGEN~..NOZZL~.=~...4.00 . . . ..__...._.-.___....-. 

. . . . .._............ 
(tlI(tNOZZLE INLET CONOIlIONSI~lllI;Illl~lliSECONOARY SHOCK CONOITIONSIIlIlIIllPRIH4RY TR4NSHllTEO SHOCK CONOIlIONSl~ 

_-.--.- -- 
SHOCK FLOU FLOY S”,CK YE”P 2NORY iNDRY ZNORY ZNORY ZNDR" PRIM PRIP PRI” PRIN PRIH SONIC “4CH NO. 

N4CY __. NACti . . VEL. SI?EN RATIO SHOCK fLON FLOY SHOCK 1EHP SNOCY FLOY FLON SHOCK TEMP VEL. ______ fJEI,..CONl.. 

NO. NO. RATIO “AC” HACH VEL. 
R4TIO. 

STREN RATIO HACH H4CP VEL. STREN, RLTIO RI110 IN0 ZNORY 

NO. NO. NO. NO. RATIO.. ..___.. snocu . . . ..__ 

"Sl Hl UllAO ~VeOTiLIPSzn-uZ/~~~Z/ea211R~~~rcl ---u/~LeOR.A3/PO 

6.30 1.74 5.12 46.14 6.66' 2.26 -3.28 6.00 4.37 4.42 4.67 1.63 
3.7l 25,17- 5.17 2.27 -----'-;ri---------- 

..6.40 _... I.?4 . . 5.20 4.52 4.54 4.74 1.64 3.77 25.98 5.31 ..2.30 .......54......e.-. 
4.61 4.68 4."1 1.65 3.04 26.81 5.45 2.33 .54 

~4.63~4.61~4,69~1.653,9PtZ.b~5.IP1.3b.SI 
6.70 1.76 5.46 52.20 9.67 2.25 
.6..30 __ 1.76 _ .5.54.....53.7.¶ 2.25 

3.29 ;7.31 4.98 4.94 4.96 1.66 3.97 28.50 5.73 2.39 .54 
9.93 3.29 7.42 5.14 5.08 5.04 1.66 4.03. 29.36 5.67. 2.42 .._.._ .54.......- 

6.90 1.76 5.63 55.30 10.20 2.25 3.29 7.52 5.30 5.22 5.11 1.67 4.10 30.24 6.02 2.45 .54 
7.00 . . ..1*77....5.71.. 57.00 10.47 2.24 3.30 7.61 5.46 5.Jb 5.18 1.61 4.16 31.12 
7.10 1.17 5.80 58.64 10.74 2.24 3.30 7.74 5.62 5.50 5.26 1.61 4.22 32.03 

6.17. 2.46......:::......... 
6.32 2.51 

.os6p~U11rQZ-Z.24-~.~0.)4 ~~,79~5.645.33~1.69’I.2~2.9k4~U.:! 
62.00 11.30 2.24 3.30 7.95 5.96 5.79 5.41 1.69 4.35 33.87 6.62 

.7.40....1,70..6.05.. 63.72 11.59 2.24 3.31 1.06 6.13 5.94 5.46 1.70 4.41 ..34.81 6.73 2.60 _______ a54 .___.._._ 
7.50 1.76 6.14 65.46 11.88 2.24 3.31 6.16 6.31 6.09 5.55 1.70 4.48 35.76 6.94 2.63 .54 
7.60 . ...1.76 -...6.22... 67.22. 12.17 2.24 3.31 il.27 __ 6.46 6.24 .5.63..1.70 -4.54 36.73..7.10..2.66 ._______ a54 _________ 
7.70 1.79 6.31 69.00 12.47 2.24 : 3.31 6.38 6.66 6.39 5.10 l.71 4.61 37.70 7.26 2.70 .54 

-7.10-1.77-b.J9 ~70.61~~12.77~2.24~3.31~I.46~~6.64~6.55~5.76~1.71~4.61~36.701.43~2.3..5~ 
7.90 1.?0 n.4a 77.64 18.01 ?.I3 3.J2 I.59 7.03 6.7, 9.115 I.72 4.73 19.70 7.60 2.76 .54 

..D.OO. ~.1.19....6.56 14.50 lJ.J9 2.21 3.32 1.70 7.21 6.41 5.'12 1.72 4.10 SO.?2 7.?7 2.79 . . . . . . ..54......... 
6.10 1.80 6.65 76.31 13.70 2.23 3.32 8.80 7.40 I.03 6.00 1.73 4.86 41.75 7.94 2.62 .54 

-8.20 -.-.r.so....6.73...-. 76.28 14.02 2.23 3.32. 6.91 7.59 7.20 6.07 1.73 4.92 . ..42.79 . ..O.ll.-2.85 . .._ --.I54 __._ -..--. 
1.30 I.¶0 6."2 llo.20 sl4.34 2.23 3.32 9.02 7.76 7.36 6.15 1.73 4.99 43.84 1.29 2.18 .54 

SWt1~4~bhJ.ZL1.33~9.13__7,9~~~.~~~6,22__l.3kS~0~~9~~l~~~ 
14.99 2.23 3.33 9.23 0.17 . 6.29 1.74 5.11 45.99 8.64 2.94 .54 
15.32 2.23 3.33 9.34 8.37 7.87 6.37 1.74 5.18 . ..47.03 Q.63...2.97.~---.-,51.-------- 

83.70 1.01 7.15 86.14 15.66 2.23 3.33 9.45 8.56 0.05 6.44 1.75 5.24 41.19 9.01 3.00 .54 
..0.00..~.1.~1....7.24~.....90.10 16.00 2.23 .6.52 1.75 5.30.. 49.31 9.20 3.03 .-.....54......... 

8.90 1.81 7.32 92.24 16.34 2.23 6.59 1.75 5.37 50.44 9.39 3.06 .54 

17.76 2.22 3.34 10.09 9.84 9.14 6.89 1.76 5.62 55.10 10.16 3.19 .54 
.9.40~~~l.8ze~~ 7.74 . ..102.92 18.12 2.22 3.34 10.20 JO.05 9.32 6.96 1.76 5.61 ___ 56.29 10.36..3.22,,~~~~.,.54.~~~~~~~~ 

9.50 1.62 7.83 105.12 18.49 2.22 3.34 10.30 10.26 9.52 7.03 1.7? 5.74 57.50 10.56 3.25 .54 
1 07.35' 1 6.86 2.22I.34 
109.60 19.24 2.22 59.96 10.97 3.31 

-9.80.. .p::... :.;: ._ pt.;: _. 19.62 2.22 3.34 10.63 10.95 10.10 7.26 1.77 5.93 bl.20 11.18 
9.90 . . . 20.00 2.22 3.34 10.71 

.3r34 . . . . . ..~54..e....... 
11.18 10.30 7.3) 1.7.¶ 6.00 bZ.46 11.39 3.38 .54 

.10.00....1.6~....6.25 .,.116.50 20.39 2.22 3.35 10.84 11.41 10.50 7.40 1.78 6.06 63.73 11.60 3.41 . . .54..-...... 
10.10 1.13 8.33 111.84 20.78 2.22 3.35 10.95 11.65 10.70 7.48 1.78 6.12 65.02 11.82 3.44 .54 

1p.20 I.53 8.42 lZLz~~lr_Z~~~~:~.~~~~.~~ .-10.9L:.~~-~~:~-~,:~“.Ptlt#~~ 
10.30 1.83 8.50 123.60 21.57 2.22 3.35 . . 11.11 . . . 67.63 12.25 3.50 



BLAST UAYE PARAHElERS BEFORE AN0 AFTER A DIVERGENT NOZZLE 

TABLE D-V 

SPECIFIC HEAT RATIO tGAH(‘(Al = ‘1.400 
ARE4 RATIO 4CROSS THE OIVERGENT NOZZLE = 5.67 

IIl~ltNOLLL~ IN;ET-CONOI~IONStlllIIlIIlIll~lSECONOARV SHOCK CONOIlIOHS~Il~ll)l~PRIMARV TRANSNITTEO SHOCK CONOIlIONS~l’ 

--- .~_____. 
SHOCK FLOW FLOY SH3CK TEHP ZNOR” ZNOR” ZNORV ZNORV 2HORI PRI” PRIP PiiH PRI” PRI” SONIC WCH NO. 

li4CN HACH VEL.. SlXEN RATIO SMOCK FLOH FLOW SHOCK TEMP SHOCK FLOW FLOW SHOCK 1EHP VEL. BE 1.. COYI.. 
NO. NO. RI110 “AC” “dCH VEL. SIREN RAlIO “AC” “AC” VEL. SlREN. RATIO RATIO ‘. ‘AH0 i!NORl 

._____. .__ ._._ ____ __. NO. NO. RATIO NO. NO. RATIO __ ..__.____ SHOCX....e.. 

MS1 Ml Ill/An PlIPP~fLrl-lls2n2-u2a PppIp_PTIlLp_tlU II3 U3/AO P3/PP ll/TO Al/AA HSlPRInE) 



c 

BLAST HiVE--6AiinETERS~ BEFORE iH0 -APiER.A OIVERGENr NOZZLE 
. . . . . . ..-._...--. . . . . . . .._.........__..._. 

TABLE D-V (Cont.) -.. - 

SPECIFIC HEAT RAlIO (GAtiHAl = 1.400 

. ..AREI. .RAllO..4CSOSf..THE..OlV~RG~Nl NOZZLE = 5.67 . . .-. . . . . ._.._-.... . . ..____ _. 

..-...............__~................ . 
lll((lNOZZLE INLET CONDIlIOHSllI1llllIlIIlllSECOWOARY SHOCK COWOIlIONSlllllll~lPRI,,ARY 

~RiNS”iiTEO. SHOdK co~oirIoNsii .--.-.._---....__. 

SHOCK FLOY FLOY SHICK TEHP ZNOR” --- ZNORV ZNORV ZNORY ZNORY PRIN PRIk PRIM PRI” PRI” 

)tACn... .MCH... YEL.. ._ SliEN 
SONIC l4ACH NO. 

RI110 SHOCK FLOY FLOW SHOCK TEMP 

NO. MO. PA110 “AC” MACH VEL. STREN 
SHOCK PLOY FLOW SHOCK .TEKP. ..VEL. ._____ BEI,..COYT., 

RAT10 “AC” MACII VEL. SlREH. RATIO RATIO AN0 PNORV 

. . . . . . . . . . . . . .._... NO. NO. RATIO NO. NO. __ .RAlIO .__ . ..____. SNQCK _______ 

: 

.._ 

. 6. 



. 

BLAST. HAVE-.PiRANEIERS BEFORE .ANO AFTER 4 OIVERGENT NOZZLE 

TABLE D-VI --- 
l.iOO 

--.-__-. ..__ --._----__ 
SPECIFIC HEAT RATIO (CAM’lAl = 
.AREA RLTIO. ACROSS ~1HE OIVLRCENI NOZZLE = 7.50 . . . . . . . . . 

_ I~IIIINOZZLE INLET’CONOIIIONSllllllilllIlllISECONOART SHOCK CONOITIONSlllIllI1lPRIH4RV IRANSHIllEd sNOCw ~OkiIIIONSll ‘-.-----.--.-~- -- 

SHOCK FLOY FLOY SH3CK IEI(P ZNORY 2NORV ZNORY ZNORV ZNORV PRIM PRIG PRIN PRIM PRIN SONIC HACH NO. 

HACH ____ MACH VEL. SWEN. RATIO SHOCK FLOU FLOH SHOC* TEMP SMOCK FLOW FLOW SBOCK IEHP VEL. BET. .CQNl.. 
NO. NO. RAlIO “AC” “AC” VEL. SIREN RATIO MACH “AC” VEL. STREN. RATIO RATIO AN0 ZNORV 

____._....... . . ..__.. .._ NO. NO. RATIO NO. NO. RATIO. __. ____ . . ..SllOCK ________ 

-nl PLn-lins2---H~ ZLAO/PP~ZLI.~S1J/AO PJ1PO 13110 AS/la WJ IPlIU%le 

-“i..ib... .i.~d, .-..,.. 45 ..5.41 
2.8? 

. . . . . . . _. _ _ - - 

. ..z.so.. .l.Il _. 1.55 

1.06 J.?? 3.61 .I, .6J 1.1a .49 .55 2.00 1.24 1.12 .44 
6.00 1.95 3.69 3.62 2.97 .I4 .6? 1.45 .56 .63 2.21 -1.29 1.13 . . . .44 ._.._..___. 

2.40 1.16 1.65 1.55 2.04 3.62 3.63 ’ 3.06 .I6 .7I 1.51 .61 .I1 2.43 1.33 1.15 .45 
-2L5(1I.zo1.151.17 lW.SU.b4-.lb¶. 751.51.6Z__,la-Z.b6J.JU.lL.45 

2.60 1.23 1.45 7.72 2.24 3.52 3.65 . ‘3.26 .zt .a0 1.64 .72 .85 2.89 1.41 1.19 .45 
. ..2.70.. -1.27. ..1.94 _. .0.34 __ 2.34. 3.47 3 .bL 3.36 ._ _._. 23 .a4 I.70 .77. ,93 .3.14..1.46 1.21 _..... 45 . . . . . . 

2.00 I.30 2.04 8.96 2.45 3.43 3.68 3.4b .zs .69 1.76 .a1 1.00 3.39 1.50 1.23 .45 
. ..2.90 ____ 1.33.. .2.13 9.64 2.56 3.40 3.b9 __ 3.56 __ .tA .93 1.63 .a5 1.06 .___ 3.65 1.55..1.25 . . . . . . . . 46 ._..___._.. 

3.00 I.36 2.22 10.33 2.68 3.37 3.70 3.67 .31 .98 1.69 .90 1.13 3.93 1.60 1.26 .46 
LLlI~ld~L,nPJ.34-rzZJ 1.531.03 

3.20 1.41 2.41 11.76 2.92 1.32 3.73 3.8) .Jb 1.08 
-y~.d’,+d-4.2LL”““2”--““--- 

4.50 1.70 1.30 .46 
3.30 .__ 1.43 2.50 ._... 12.51 3.05 3.29 3.IC _ 3.93 .._ . . . . . 39 1.13 2:on 1.00 - 1.33 ..4.00. 1.75..1.12 .___.__. 46 ________._. 
3.40 1.45 2.59 13.32 3.18 3.2? 3.75 4.03 .42 1.18 2.14 1.04 1.39 5.10 1.ao 1.34 .46 
3.5O.e 1.47 . ..2.60. 14.12 ._. 3.32 3.26 3.77 . 4.19 ..__.._. 45 1.24 2.20 1.07 1.46 _.. 5.42..1.86 1.36.e ___. 46 ___________ 
3.60 1.49 2.?7 14.95 3.45 3.24 3.76 4.35 .48 1.29 2.26 1.10 1.52 5.75 1.91 1.3.3 .46 

-.y~-y~-‘.““-l”.oO~ J.bO-3.22~3.19~4.4P 

~.J:90 l:t4 . . . ..i.: 
If,. LA 3.14 3.21 3.10 4.91 

~5L-l.J5-2.JJ-L.lJ__I.5~~~~~~.~~ltP_-L4~ 
.55 I.41 2.39 1.15 1.64 . 1.42 .Cb 

::::: 
3.119 3.20 3.01 4.62 . .5a 1.47 .2,45 1.18 1. 70 _._. b.70.. 2.09.. 1.45.e.. ____ .46 ________ _._ 

4.00 1.55 3.12 4.05 3.19 J*12 4.73 .62 1.5, 2.51 1.20 1.76 7.14 2.15 I.47 .47 
..4.10 _.__ 1.57 __._ 3.21 ____ 19.44... ~..I,20 3.18 3.63. 4.53 . . -65 ___ 1.59. 2.55 

4.20 1.56 3.30 20.41 a 4.37 .3.I7 .69 1.66 
1.23. 1.02 ..7.5l...Z.Zl.e t.49,... ____ .47 _____._.__ _ 

-+l&Ad4uL;19-211_4p ” 
3.14 4.94 2.64 1.25 1.66 7.90 2.20 1.51 .47 

4. SLJ.lb-mJ.E5~5.05 
. 1.60 3.46 22.42 . 4.70 3.19 3.85 5.16 

~~13I.r3-2.70I.27~1.94~I.2’1~2.35~1.SJ~.41~~ 
.?I I.?9 2.76 1.29 2.00 8.69 2.41 1.55 .47 

._ 4.50 ._... 1.61 ____ 3.56 .23.46... 4.86 3.14 3.86 5.27 .a1 1.06 2.13 1.31 2.06 .____ 9.09 .2.4A..1.51_______. 47. ___________ 
4.60 1.62 3.65 24.52 5.05 3.13 3.17 5.38 .lls 1.93 2.89 1.33 2.12 9.51 2.55 1.60 .47 

e.4.70 ____ 1.63 ____ 3.74 ____. 25.bO __... 5.23 .3.13. 3,86... 5.49 __.__. .OY ___ 2.00. ..2.95 -1.34 . ..2.10 ____. 9.94..2.62..1.62 .______. 47. _._.______ 
4.60 1.64 3.83 26.71 5.42 3.12 3.e.n. 5.60 .93 2.08 3.01 1.3b 2.24 la.37 2.70 i.64 .47 

49P1.65A91Ln sAhl--3.1ua,il9s*7~ -Ip.LZz.ll6b 4, 
5.00 1.6b 4.ua 29.00 5. a0 3.11 3.90 s.a2 ~~:i-*pkw- 1.02 . 3.14 1.39 2.35 11.27 2.85 1.69 .47 

..5.10....1.(7.~..4.09 ____ 30.18 __ b.00 3.10 3.90 . 5.93 _.._.. 1.07 2.31. .J.ZO 1.41 2.41 __. 11.74...2.93 ..1.71_______ 147 ____.__._.. 
5.20 1.68 4.17 31.38 6.20 3.10 3.91 b.04 1.11 2.39 3.2) 1.42 2.47 12.21 3.01 1.73 .47 

7.04 3.01 3.34 i.63 

..F.70 ___.. l.?l_.__ 4.60.....37.74 7.26 3.01 3.93 6.59 1.36 
5.80 1.71 4.69 39.08 7.41 3.07 3.94 6.70 I.41 

..5.90 .._ 1.72. ..4.78. __ 40.44. 7.71 .3.07 3.94 6.61 1.46 
6.00 1.73 4.86 41.83 7.94 3.07 3.95 b.92 1.52 

-6d 1.73 4.95 -24 a. ln-LQ~9 5I.pu.51- 
6.20 I.73 5.03 44.68 0.42 3.06 3.95 7.15 1.63 

2.81 
2.90 
2.99 
3.08 

-3&L 
3.27 

3.58 1.49 
3.64 1.50 
3.70 1.51 -47 . . . . .._..-. 
3.7) I.52 2.92 16.32 3.bY 1.92 .47 

.J.u-L55~4 3.79 I.95 47 
3.89 I.54 3.03 17.45 3.2.A 1.97 .c7 

.:..: 

._ 
c 



BLAST YAVE PLRAMETERS BEFORE AN0 AFTER 4 OIWERCENl N022LE 
_ . . . _...___.._._ 

.._ 

TABLE D-VI (Cont.) 
--.--- __ ..__ 

SPECIFIC YEAT RATIO lGAM(lAl = 1.400 

ARE4 RATIO 4CROSS IHE DIVERGENT NOZZLE = 7.50 

_.. __ 

fl~lllNOZZLE INLE~~CONOITIONSIIl~III~l~IlllISECONO4RY SHOCU CONOI~IONS~I~II~~~IPRI~~RV 
.---. . . . .._._..._... _...__ 

IRANS~ITTEO SHOCK CONOllIONSI1 
--.- -. ..-_ 

SHOCK FLON FLOY SH)CK TEHP ZNOPY ZNORY ZNORY ZNORV -ZHDRT-PRG-xIr PRlN PRIM PRIM SONIC IlACH NO. 
.NACH H4CN. .VEL. SIREN RAIIO SHOCK FLOU FLOU SHOCK TEHP SHOCI( FLOY FLOU SHOCK TENP UEL. 
NO. NO. RAIIO 

. . . ..BET. tofu.. 
MACH l44CH VEL. STREN RArlO “AC,, NACN VEL. STREN. RI110 II4110 AN0 ZNORY 
NO. NO. RATIO NO. NO, R4110 . ..SHOtK _______. 

. 
6.30 '.i.ic----s;lz 

I 
46.14 0.66 

w6.40 -1.74... S.20 _.. 47.62 6.91 
6.50 1.75 5.29 49.12 9.16 

-EP 7 
15 9Ll1spL6 W&l- 

. 1.76 5.46 52.20 9.67 
_ 6.aO.. .;.;:.. ;.‘,; 53.76 9.93 

6.90 . . 55.38 10.20 
7.00... :.;;... 5.71 57.00 _ 10.47 
7.10 . 5.80 58.64 10.74 

420 L.77 5_.QUbO..3111,QL 
7.30 1.76 5.97 62.00 11.30 

..7.40. 1.78...6.05 63.72 11.59 
7.50 1.78 6.14 65.46 ll.OQ 

m.7.60 .:..I. 76 ___ 6.22 67.22 12.17 
7.70 1.79 6.11 69.00 12.47 

--x-s- 
L~2P.BI2.12~ 

. . 6.46 72.64 13.08 
. ..Q.QO....1.?3....6.56 74.50 11.39 

0.10 1.80 6.65 76.31 13.70 
-.6.20 ____ ?eeQ ____ 6.73 .I._.. 78.20 14.02 

8.30 1.80 6.62 QO.20 : 14.34 

1.06 3.96 7.26 1.61 3.36 3.96 
3.05 1.96 7.37 1.74 3.46 4.02 
3.05 3.96 7.46 1.00 3.91 4.08 

l.Q63.66-4.lC 
1.92 3.76 4.21 

3.04 :'x 7.61 1.9a 3.6.7 4.27 
3.04 . 7.93 2.04 3.97 4.33 
3.04 .3.98 6.04 2.11 4.08 4.39 
3.04 3.98 6.15 2.17 4.19 4.46 

-a.o4..91 
3.04 
3.03 
3.01 3.99 k.60 2.43 4.64 4.71 
3.03 3.99. 0.71 2.50 4.75 4.77 
3.03 4.00 a..52 2.57 4.67 4.63 

-3.D34.00~b.9a ~2.6~--!l.99~.9n- 
3.03 4.00 9.04 2.71 5.11 4.96 
3.03 4.00 9.16 2.7.3 5.23 5.02 
3.02 4.00 5.27 2.06 5.36 5.0.3 
3.02 4.01 9.36 2.93 5.48 5.15 ., 
3.02 4.01 9.49 3.00 5.61 5.21 

1.55 
1.56 
1.5b 

_1. SL 
1.58 
1.59 
1.60 
1.60 
1.6, 

-llbZ 
1.62 
1.63 
1.64 
1.64 
1.65 

-l*45 
1.66 
I.66 
1.67 
1.67 
I.68 

-- 
. ..-._. . . . . ..-___.. 

3.0') 16.02'- 3.96 1;99 .47 
3.14 .16.60.. 4.00 2.02 .4? . .._. . . .._.... 
3.20 19.20 4.17 2.04 .47 

~..259,ao_s.zu,o 
3.31 20.41 4.38 
1. lb 21.03. 4.46 2.12 ,..-...47 .____.__ 
3.42 21.66 4.59 2.14 .47 
3.47 22.30.. 4.69 2.17 -.~7.....-~-.. ..__ 
3.53 22.94 4.60 2.19 .47 

2.27 . . . . . . ..47...-...e.. 
3.75 25.63 5.25 2.29 .47 
3.80 26.32 5.36 2.32 ..:47 ..__ __._ 
3.06 27.02 5.41 2.34 .47 

4.13 .30.66 v6.09 2.47........47.-.....--- 
4.16 31.43 6.22 2.49 .47 

-5.~4_L.tLl,6~4.242~2~IJ~ii i47 

15.32 3.02 
15.66 3.02 

17.76 3.01 4.02 10.61 3.80 6.96 5.84 1.72 4.12 39.52 7.57 2.75 .47 
wY.4O.m l.QZ..s 7.74 102.92 18.12 3.01 4.02 10.73 3.08 7.11 5.90 1.72 4.76 40.33.~.7.71 ..2.76 . . . . . ..47...-....-. 

9.50 1.82 7.53 105.12 16.49 3.01 4.03 10.84 3.97 7.25 .5.96 I.72 4.13 41.25 7.65 2.80 .47 

sL6_O~~9tlPL~~l~~.~~~~~~~~~j-l~.95__4r0b__1,~0_6,03~2-~~~~4~~~,OQ~..Q3 ~47 
9.70 1.82 8.00 109.bO . 

19:62 1.01 
. II.Qb 4.14 7.55 6.09 1.73 . . 0.15 2.85 . .47 

9.6O...l."'...y; ._ :;t.:: 4.03 ll.lQ 4.23 7.70 ._ 6.15 1.73 4.99 43.91 6.30 ,2.66 :: L47 ..____.. 
9.90 1.53 

10.00....~.43....6:25 1lb:SO 
20.00 3.01 4.03 11.29 4.32 7.85 6.21 1.74 5.04 44.61 6.45 .2.91 447 
20.39 3.01 4.03 Il.40 4.41 8.00 6.2l 1.74 5.10 45.73 .8,60 2.93 i47 ..,.__ 

10.10 1.Q3 6.33 116*.34 20.76 3.01 4.03 11.51 4.50 6.16 6.34 1.74 5.15 46,65 6.75 2.96 .47 

46.52 9.07 3.01 

, 
,. :: 

.._ 
, *, 



F,LASl~“AYE PARAHElERS BEFORE ANO AFTER 4 OIVERGENT NOZZLE 

TABLE D-VII 

SPECIFIC HEAT RArIO tGA”‘!A, = 1.400 
LREA RAlIO. ACROSS THE OI’JERGENT NOZZLE = 9.00 . .._._.._. 

. 
lllf(~NOLZLi I~i~l~CONOIlIOHS~II~lIlllI(((((SECONO4RY SHOCK CONOIlIONSIIlIIlllIPRX~4RY TRANSHITTEO SHOCK CONOITIONSll _ 

--___--- 
SHOCK FLOW FLOY SNICK TEMP ZNORY ZNORY ZNORY ZNORY ZHOR” PRIM PRlP PRI” PR,” PRIM SONIC "AC" NO. 

~ MACH. MACH VEL. SlREN RATIO SNOCI; FLOW FLOW SHOCK TEW SHOCU FLOW FLDY SnOCK TEliP VEL. BEl...CONT. 
NO. NO. RATIO MACH "AC" VEL. STREN RATIO NACN n4cr VEL. STREN, RATIO RI110 AN0 ZNORY 

. NO. NO. RArIO NO. NO. RAllO SWCK ____._r 

JlSiniAPlLt! P.lLTO-HZ 21 -u2llP92cPo.-T2/TP.-~s~-~ -fAPSJt.F!O-W?JXlEL 

. _ . 
‘.‘. 2.20 1.07 1.45 5.48 I.86 4.09 3.61 2.91 .I0 .58 I.32 .42 .46 1.76 1.20 1.10 .43 

e.2.3O.u let1 1.55 b.00 1.95 4.01 3.lt 3.01 .I1 .62 1.34 .49 .54 1.97 1.24 I.11 .43 .__.__.___ 
2.40 1.16 1.65 6.55 2.04 3.94 3.“3 3.11 .I3 .66 I.44 .55 .bt 2.17 1.26 1.13 ,44 . 

-2diQ1.UZS1.12 1~z0~1.50..6~.69ZLJ14JL~S 
_ 2.60 1.23 1.85 7.72 
..2.70 _._. 1.27 .1.94 ___ 8.34 

2.24 ‘“..“L.+~-,j.:;- 3.82 . 3141 .16 .74 I.56 .65 .7b 2.59 I.36 1.17 .44 
I 2.34 3.77 3.86 .I8 .I0 1.62 -70 .ns 2.61 1.40 1.18 .._. .44 .._.....__ 

2.40 1.30 2.04 8.98 2.45 3.73 3.8.Y 3.51 .*9 .82 1.67 .75 .90 3.04 I.44 1.20 .44 

2.90.. .1.33 9.c.k 2.56 3.69 3."9 3.61 .ZI .8b 1.73 .96 3.27 1.46 1.22 2.13 .79 . ..4k ____.___.. 
3.00 I.36 2.22 IO.33 2.64 3.66 3.90 3.72 .23 .9I I.79 .a3 1.03 3.52 I.53 I.24 .45 

-2.31ldl 
--Et--- 

Lww2,PP-A.6Ulr923.82.25e.v.- .95_1.85.nllrD93.211.51 
. 1.41 2.41 11.76 2.92 3.60 3.93 3.93 .27 1.00 1.91 .91 1.16 4.03 1.62 1.27 --%---- 

.3.30 ._ 1.43 2.50 .._ 12.54 3.05 3.50 3.94 4.03 .30 1.05 1.97 .95 I.22 4.30 1.6b I.29 _.____ .45 ._________ 
3.40 1.45 2.59 13.32 3.16 3.56 3.96 4.14 .32 1.09 2.03 .96 1.28 4.58 1.71 1.31 .45 

..3.50...1.47 .._. 2.66 _._ 14.12 .__.. 3.32 3.54 3.97 4.25 .34 1.14 2.09 1.01 ..1.34 ._._ 4.07 1.7b .1.33 ______. 45 __________ 
3.60 I.49 2.77 14.95 3.45 3.52 3.9) 4.35 .37 1.20 2.15 1.04 1.40 5.16 1.61 1.35 .45 

3.1oI.sI dl3..beJ.501.994.46-1;19 25Z*2uLPu114651461,61.-- 
3.60 I.52 2.95 16.66 3.74 3.49 4.00 4.57 .42 1.30 2.27 1.10 1.52 5.77 I.92 I.39 .45 

..319P ____ 1.54 ____ 3.04 ..___. 17.56 ______ 3.69 3.47 4.01 .4.6ll .44 _. 1.36 2.33 .I.13 ._. 1.58 _____ 6.09...1.97..1.40 ._______. 45 _____.__.. 
4.00 1.55 3.12 16.50 4.05 3.46 4.02 4.79 .47 1.42 2.39 1.15 1.64 6.42 2.03 1.42 .45 

.!e.lO ____ 1.57 ____ 3.21__._ .19.44... +,20 3.45 4.03... 4.90 _ _... .50 __. I.46 _._ 2.45 .1.1-9... 1.70 _____ 6.75v.2.09 1.44 _______ .45 
4.20 1.50 3.30 20.41 ,4.37 3.44 4.04 5.01 .53 I.54 2.51 1.20 I.76 7.lQ 2.14 1.46 .45 

.,______.___ 

-!I--LA o.JWd43dQSd2 56,60Z.)I__LLZZu 5-.2L?on 45’ 
4.40 1.60 3.46 22.42 4.70 3.42 4.06 5.23 .56 1.66 2.63 1.24 1.67 7.81 2.26 1.50 .45’ 

..4.50.:.1.61....3.56 23.46 :. 4.88 3.41 4.07 5.34 .62 1.72 2.68 1.26 _. 1.93 ____ 8.18 2.33!.1.53 .____ . ...49. __________ 
4.60 1.62 3.65 24.52 5.05 3.40 4.07 5.45 .65 1.79 2.74 1.26 I.96 6.55 2.39 1.55 .46’ 

-4.70 ____ 1.63 ___. 3.74 _____ 25.bO _____. 
4.60 1.64 3.63 2b.71 

5.23 .3.39 4.01 5.56 . ..___.. 66 .____ 1.65 . ..2.60. 1.30 ____ 2.04 _____ 6.94...2.46..1.57 _______. ::;; _________. 
5.42 3.39 4.09 5.67 .I1 1.92 2.66 1.32 2.09 9.33 2.52 1.59 

Aa9-1.65J.91nz .61~r3~4.P~.1Il-.I 4.9ti.Jt__LL;141.1-9.1~9 1.61 46’ 
5.00 1.66 4.00 29.00 5.80 3.37 4.10 5.69 *II 2.06 2.96 1.35 2.21 10.14 2.66 I.63 .46 

..5.10 ___. 1.6? .___ 4.09 ..__ 30.16 .___ 6.00 3.37. 4.11 6.00 .81 2.14... 3.04 1.37 -2.26 __.. 10.56...2.73..1.65 _______. 46: ______. _._ 
5.20 I.66 4.17 31.38 b.20 3.36 4.11 6.11 .a5 2.21 3.10 1.38 2.32 10.96 2.80 1.b7 ,46’ 

3.36 4.12 2.26 3.16 .1.40 2.37 11.42...2~87..1.69.~~ _____ .46: ____._____ .___ ___ 
2.36 3.22 1.41 2.42 11.66 2.95 1.72 .46’ 

1,2&~I~US,P2 I.74 46’ 
3.34 I.44 2.53 12.77 3.10 1.76 .46 

.m:&~; 2.60 3.40 1.45 2.59 .13.24.. 3.10 1.73 _ ____..____ 
2.66 3.46 1.46 2.64 13.72 3.2b 1.60 

5.90 1.72 4.78 .40.44 ____ ____ 
6.00 1.73 4.86 41.03 

. ..__. 7.71 3.33 4.15 6.89 1.12 2.76 3.52 I.47 2.69 14.20 ..3.34. 1.63 _____. .4$; ._______ 
7.94 3.33 4.15 7.01 l.lb 2.85 3.56 1.49 2.75 14.69 3.42 1.65 .46 

-fLdQ--liL~ slu?4 
6.20 1.73 5.03 44.66 6.42 ,la_3.3~4~:~--f.::---‘.2P--:.~:--:.~~~:~--:.~:~~:~.ILLl,a~6’ 3.32 . . 1.24 . . . . . 3.59 1.69 .*b’ .I 



. 
BLAST UAVE PARkTERS-BEFORE AND AFTER A OIVERGENl NOZZLE 

. . . . _. 

TABLE D-VII (Cont. 1 
----___.--_-- 

SPECIFIC NE41 RI110 ICANMAI = 1.400 

. ..ARE4.P?T.CO..4CRDSS..IYE OIVERCENT NOZZLE = 9.00 

IIII~~NOZZLE XNLEl CONOil~ONSiiillllllll~ll~SECONOARY SHOCK CONOIlIONSlIllIlI~IPRItlARY “iRANSNfTlEO~SHOtK CONOflION~ii----‘~-----‘.----- 

-___-__-- 
SHOCK FLOW FLOW SN3CK 1ENP ZNORV ZNORV ZHORY 

--zioiiv-.--~ .__ 
PRIP PRI” PRI” PRI” SON xc NACH NO. 

NACY . ..__ HACH __,_ VEC. SIXEN RATIO SHOCK FLOW FLO" PHOCK ::r PR1” SHOCK FLOY FLOW SHOCK IEKP VEC. ____._ BET.. CONT. 

NO. NO. RATIO NACH )IACH VEL. STREH RATIO NACH N4CH .VEL. SYREN. R4TIO RI110 IN0 ZNORY 
NO. .._......._........__......~.~~.~... . NO. RATIO NO. NO. R47IO __.... _..._ ._._____.. SN~QCIC ____ ___ 

MS1 Nl U1/40 PI/PO 7ULQ.A!SZ~Z__LL ZLdPPZLPQTPLLQ-AIS3~~PJlPP~ 

6.30 lr74.-.‘5;li- .46.14-.-- A.66 3.32 4.16 7.34 1.28 ,.I1 3.16 1.52 2.9, 16.22 3.64 1.92 ‘6 

a.32 5.17 7.46 1.33 
3.31 4.17 ‘7.57 1.37 

J.314.12~.68- 1.42 
3.31 4.10 ‘7.79 1.46 
3.31 4.18 7.91 1.51 
3.30 4.14 4.02 1.56 
3.30 6.19 B.13 1.60 
3.3b 4.19 4.21 1.65 

s.ii 
~.__ 

3.81 1.53 2.96 ..16.74 3.76 . 1.94.v ___. ._._____ __ 3.29 3.47 1.54 3.01 17.28 .3.05 1.96 &; 

.3.39_3.93_1L543.01iz.OZ_L.9L1.99.46 
3.4) 3.99 1.55 3.12 14.37 4.04 2.01 .46 

3.54 4.05 1.56 3.17 14.93 b.13 2.03 ._. 66 . . ..____ 
3.60 4.11 1.57 3.22 19.50 4.22 2.06 .46 
3.16 ,4.I7 1.50 3.28 ZQ.07. 4.32 . . . ..*b.....-... 
3.b4 4.23 1.51 3.33 20.65 4.42 

:.:; . . . 
. .kL 

7.20 1.77 5.6-Q ~1.7Q~~.90.c.~~..S9~Q~1.~~4~112~~.cs 

7.30 1.74 5.97 62.00 11.30 3.30 4.19 4.47 1.75 4.00 4.35 1.60 3.43 21.45 4.62 2.15 .a6 
_ 7.40 1.74.. 6.05 .._ 63.72... 11.59 3.29 .4.20 4.54 3.49 22.45. 4.72 2.17 -.....a46.....w. 1.00 4.19 4.41 1.60 
7.50 1.74 6.14 65.46 11.b.l 3.29 4.20 6.70 1.05 4.29 4.47 1.61 3.54 23.07 4.12 2.20 -46 

-7.60 e...l.76... 6.22 67.22... 12.17 3.29 4.20 5.81 1.91 4.40 4.53 i.62 3.59 __ 23.70.. 4.93 2122 .em.e~46.~~~e~~~ 
7.7Q 1.79 6.31 69.QO 12.47 3.29 4.20 8.92 1.96 4.51 4.59 1.62 3.64 24.33 5.03 2.24 .C6 

46Q-LJ9 _6.19_7Q.6UZ,7?-J.Z9_S~tQ9.04~~ 
7.90 1.79 6.411 72.64 13.04 3.29 4.21 9.t5 

2.01-4.62~~.65_1..61~~,~~-~~.~~5.1L2.2t~ 
2.07 4.73 4.71 ,.64 . 

6.00 1.17.. b.90 ?4*?0 Il.39 ,.I0 4.21 9.1b 2.12 4m.4 C,I? l.bC. 3.40 2b:ZO :::: :::: . . . . . . . . . . . . . . . . . . . 
b.10 l.bO 6.65 76.3b 13.70 3.2b 4.21 9.3b 2.lb 4.96 4.b3 1.65 3.b5 26.94 5.47 2.34- .46 

..b.ZO~...lrbO....6.73. 7b.Zb '14.02 3.21 4.21 9.49 2.23 5.07 4.b9 1.65 3.90 .27.62 5.50 2.361----...46....-.-.-. 
1.30 l.bO 6.b2 bO.20 .'14.34 3.2) 4.21 9.60 2.29 5.19 4.95 1.66 3.95 tb.30 5.69 2.39. .46 

~0~~2.~S~~bh3.204r22s.z2~ 2.35 _5.$15.DU~bb.Q0~..99~.~L~Ll~ .46 
b.50 l.bO 6.99 14.12 14.99 3.21 4.22 9.bJ 2.41 5.43 5.06 1.67 4.06 

e.6.60 ____ 1.61 ___ 7.07 
29.69 5.93 2.43, .!a6 

b6.12 15.32 3.2b 4.22 9.94 2.47 5.55 5.12 1.67 4.11 30.40 6.04.~2.46.'-.....46~.-....._ 
I.70 l.bl 7.15 bb.14 15.66 3.2b 4.22 10.06 2.52 5.67 5.1b 1.6b 4.16 31.11 4.16 2.4b. .46 

..5.~0....1.01....7.24 __ 90.11 16.00 3.27 4.22 10.17 
b.90 l.bl 7.32 92.24 16.34 3.27 4.22 lO.Zb 

9.901.11.4-94.~16.6413.27~r2~~10.40~ 
9.10 1.01 7.49 96.44 17.04 3.27 4.23 10.51 

. ..9.ZQ....l.BZ... 7.50 91.5b.. 17.40 3.27 10.62 4.23 
9.30 1.112 7.66 too.74 17.76 3.27 4.23 10.74 

19.62 3.27 4.24 11.30 
9.90 1.¶3 b.17 llC.lb 20.00 3.26 4.24 11.42 

,.lQ,OO l.b3 _ b.29 116.50, 20.39 3.26 4.24 11.53 
10.10 l.b3 b.33 llb,bC 20.7b 3.26 4.24 11.65 

2.59. 
2.65 

.2,71- 
2.77 
2.83 
2.90 
2.96 
3.03 

-3*09- 
3.16 
3.23 
3.29 
3.36 
3.43 

.3.50.-. 7.69- 
3.57 7.34 

5.10 
5.93 

.6.05- 
b.lb 
6.31 
6.44 
6.5b 
6.71 

.b.b5- 
6.9b 
7.12 
7.26 
7.40 
7.55 

5.24 1.61 __ 4.21 Jl.b4 6.20. 2.5ll.......b6~........ 
5.30 1.6b 4.26 32.57 6.41 2.531 .46 

-:.:~,~~~lJ3r3LQ.53-2.161---L4(~ 
. . 4.36 34.06 b.bb 2.5). .46 

5.4b 1.70 4.42 34.b2 6.7b. 2.60 :......46......... 
5.54 1.70 4.47 35.5b 6.91 2.63 .46 
5.60 1.70. 4.52 36.36 7.04 2.65, .46.. .__ ..___ 

5.66 1.71 4.57 37.14 7.17 2.bb. .46 
-5.If--l*7I 

5.7b 1.71 
5.b4 1.72 4.72, 39.53 I 7.57. 2.75;.ww.e..46 _.._.__. 
5.90 1.72 4.77 40.35 I 7.70 t.lbi .46. 
5.96 1.72 4,bZ 41.17. 7.b4 2.bOi .Cb .._ 

6.02 1.73 4.bb 42.00 7.98 2.b2, .46 

43.b9 b.26 2.b1 .46 

I F, 



-iJLASl- HALE PARAHElERS BEFORE AN0 AFlER A OIVERGENI NOZZLE 

--~ __- 

SPECIFIC HEAT RATIO lGAN*A) =’ I.400 

AREA RATIO ACROSS THE OIVLRGENT NOZZLE = 10.00 

(l(llINOZZLE INLET CONOlYIONSlIllllllli(lll~SECONOARY SHOCK CONDITIONSIIlllllIlPRIttARY TRANSNlTlEO SHOCK CONDITIONS)~ 

-~- _..__. . ..-. 
SHOCK FLOW FLOY SHOCK TEHP ZNORY ZNORY ZHORY 21lORY ZNORY PRIM PRIM PRIM PRIK PRIM SONIC MACH NO. 

NACN MACH VEL. SIREN RATIO SHOCK FLOU FLOW SHOCU 1 EHP SHOCI( FLOU FLOY SHOCK 1EHP VEI.. BET. CONY. 
NO. NO. RATIO “AC” “AC” VEL. SIREN RATIO “AC” “ACP VEL. SYREN. RAIIO RAY10 ANO ZNORY 

NO. NO. RATIO NO. NO. RATIO .___ SWOCK _____. _. . 

“51 “I UtlAP PI/p PTOASZ~t~ YZLA’L.-PpZ/PP.-mIZIlO -JlSJ .n 3U/EOr3flPALAP 

2.20” .i.or-. -1.45 a 5.40 l.ab 4.21 3.93 2.91 .08 .5b l.ZA .3a .41 1.67 1.11 1.00 ..4j 
. ..2.30.. 1.11.. 1.55. 6.00 1.95 4.20 3.93 3.03 .09 .59 i.J4 .44 .49 1.85 1.21 .l.lO ._..... 41. . . . . . 

2.40 1.16 1.b5 b.55 2.04 4.12 3.94 3.13 .I1 .bS 1.39 .50 .5b 2.03 1.25 1.12 .43 
2.5pI.zD1.15.12 ..144.063.95'3.2L.12- 

t.bO 1.23 1.05 7.72 2.24 4.00 J.97 ::t: . 
3.90. y. 

.13 .70 b7~.::~b~~‘t-‘.21’.‘~.l~- . 2.41 1.33 1.15 .43 
2.34 .15 -74 1.57 .bb 1.37 1.17 .._._. 44 2.70 1.27. 1.94 0.34 3.95 

2.80 1.30 2.04 0.98 2.45 3.91 3.99 J.5J .17 .?a 1,bJ .I1 1.41 1.19 .44 
2.90 1.33... 2.13. _. 9.64 2.5b 3.87 4.01 3.64 111 .82 1.68 .75 .91 ..3.07. 1.45 1.20. .___ ~44 ._____._. ._.. 
3.00 l.Sb 2.22 10.33 2.b8 3.83 4.02 3.r4 .20 .a7 1.74 .a0 .97 3.30 1.49 1.22 .44 

.J.lO. 1.43. .2.50 __ 12.54 3.05 3.75 .b.Ob.. 4.0b .25 1.00 1.91 ..91 l-lb 4.04 1.62 1.27 ___ __I 44 _...__... 
3.40 1.45 2.59 13.32 3.1a 3.73 4.07 4.11 .27 1.05 1.97 .95 1.22 4.30 l.bb 1.29 .44 

14.12. 3.32 3.71 4.09 .._ 4.21 .29 1.09 2.03 , 90 . ..l.ZO __.. 4.57 1.71. 1.31 ______. a44 . . . . . 
3.45 3.69 4.10 4.10 .31 1.14 2.09 1.01 1.34 4.rJ4 1.76 1.33 .44 

p.33 -1.19-2.14-i. 04IL4PS.lJ-l. Al-id- 
.5b 1.25 2.20 l.OI 1.46 5.42 1.86 1.36 .45 
.JE 1.30 Z.26 1.10 

4.00 1.55 3.12 10.50 4.05 J.bf 4.14 4.02 .40 1.35 
.4.10 1.57 3.21 ._... 19.44. ; 4.20 3.61 4.15 4.93 .4J 1.41 2.37 1.15 1.b3 6.34 .2.02 1.42 .______. 45 ..______ 
4.20 1.58 3.30 20.41 4.37 3.60 4.16 5.04 .45 1.47 2.43 1.17 1.68 b.66 2.07 1.44 .45 

hL301.59~1*.40 ’ 4 .2Li*594*1,s.15 .4Z-.53-2>49_Ll~ .9e2.13_1L!l-- 
4.40 1.60 3.40 22.42 4.70 3.50 4.10 5.26 .50 1.59 2.55 1.21 1.79 7.33 2.18 I.48 .45 
-4.50 .._. l.bl... 3.56 ___ 23,46’.. 4.01 3.57 4.10 5.37 .53 l.b5 2.60 1.24 1.85 ___ 7.6.9 2.24..1.50 ._____..a 45 .._______. 
4.60 1.62 3.b5 24.52 5.05 3.56 4.19 5.40 .55 1.71 2.66 1.26 1.90 8.03 2.30 1.52 .45 

-4.70 .__. 1.6.3 ____ 3.74 ._.__ 25.60. ._. 5.23 3.56.. -4020 ____ 5.59 . .5A 
4.no 1.64 3.03 2b.71 5.42 3.55 4.21 5.70 .61 

1.77 2.72. 1.27 .___ 1.96 ____. 8.39.. 2.3b..l.54 .______ :‘J: __._..___. 
1.A4 2.78 1.29 2.01 8.76 2.43 1.56 

3.9PI.hS3.91 b~.9l--ZPrll~i Id-91. 
5.00 1.66 4.00 1.97 Z.E.9 1.33 2.12 9.52 2.55 

..;.;~...l.“‘.... . 1.6) 4.09 4.17 ._._ 30.18. 31.30 6.00 6.20 J.53. 3.52 4.2J 4.23 .._ b.04 b.15 ____ .70 .73 2.04 2.11 2.95 3.01 1.34 1.36 __. 2.10 2.23 .._ 10.32 9.92 2.62 2.b9 __ 1.62 l.bS ._.____. 1:; . . .._. 

10,72..2.7b..l,bb. . . . . . . 45. _.___.. 



QLASl.I(AVE-‘PARAliEYERS BEFORE AND AFTER A OIVERGENl NOZZLE 

TABLE D-VIII (Cont. ) 
-_- ---__--___ 

SPECIFIC HEAT RATIO (GAH’lAl = 1.400 

..AREA.PAIIO..ACROSS TYE DIVERGENT NOZZLE = 10.00 . _ . _ _ _ 

ll(IltNOZZLE INLET CONOIlIONSIIlll-il;illl~l~SECONDARY 
.._._.._.___._._.. 

SHOCK CONDITIONSl~IlIlIllPRIHARY TRANSflIYlEll SHOCK CONOIlIONSlI 

..--_ .._- -- 
SHOCY FLOU FLOU SHOCY YEHP 2HOR” ZNORY ZNORY ZHORY ZNORY PRIM PRI, PRZ” PRIH PRI” SONIC NACW NO. 

.HACfl___._ MACH... VEL. ._ SIPEN RATIO SHOCK FLOW FLOY SHOCK 7EHP SHOCK FLOW FLOU SHOCK 1EHP VEL. ._ __ BEI...COYY. 
NO. NO. RATIO “AC” HACH VEL. SlREN RATIO HACH MACH VEL. SYREN. RATIO RATIO ANO ZNORY 

._........_.........._....~ . . . NO, NO. RAlIO NO. NO. RATIO.. SHQC.K. . . . . ..___.__. ..____ 

MS1 VI VI/A0 PllPQ ll/USZe ~2V2LAQ.PZCSO--lt/TDS3nl m- 

b.30 1.74 5.12 46.14. A.b6 3.48 4.20 
. . . . . .._..___ 

7.39 1.10 2.91 3.64 1.50 2.00 15.23 3.51 1.~7 ,45 
. ..6.40.--. 1.74....5.20... 47.62 a.91 3.47 4.29 ,_ 7..50 1.14 3.06 3.70 1.51. 2.Lb -15.72 

- 
3.59 1.90 .45 

6.50 1.75 5.29 49.12 9.16 3.47 4.29 
.._._ ._.._____ 

7.62 la.1 7 3.15 3.76 1.52 2.91 lb.22 3.68 .-I.92 .45 

se6.80.e..l.76 5.54 . ...53.78. 9.93 3.46 4.30 7.95 1.29 3.42 3.93 1.54 3.06 
6.90 1.76 5.63 55.38 10.20 3.46 4.30 3.07 1.33 3.52 3.99 1.55 3.11 18.31 4.03 2.01 .45 

..?.OO ..-.1.77... 5.71... 57.00 10.47 3.46 4.31 6.18 1.37 3.61 4.04 1.56 3.11 10.05 4.12 2.03 . . . . . ...45 ________ 
7.10 1.77 5.10 50.64 10.74 3.46 4.31 II.30 1.41 3.71 4.10 1.57 3.22 19.40 4.2L 2.05 .45 

8,4~~U14t_3.~,r41J~~Q.Cl~ I.46 -3.~P4I1~_t*.Q21~219.9r4.a9_lQT~ 
4.31 8.52 1.50 3.90 4.22 1.50 3.32 20.52 4.40 2.10 .45 
4.32 1.b4 1.54 4.00 4.28 1.59 3.37 21.09 4.49 ..2.12 ..-•45...... _. 

7.50 1.78 6.14 65.46 ll.QQ 3.45 4.32 1.15 1.59 4.10 4.33 1.60 3.42 21.61 4.59 2.14 r45 
7.60.~~.1.78 . ..6.22 67.22 12.17 3.45 4.32 .5..9b 1.63 4.21 4.39 1.60 3.47 ._ . ..22.26 4.b9 2-16 045 ___ __._ _ 
7.70 1.79 6.31 b9.00 12.47 3.44 4.32 n.9a 1.66 4.31 4.45 1.61 3.52 22.Ab 4.79 2.19 045 

.I.39 
I.10 

_1,79_6.J9.._'r~.!:--::,::--..:.::---:.::_9,*~~ .--:.::.--:.::-.:'::-:.~:-~.::-23'464."9-2.21 .4- 
1.79 b.4” ' ' ' . . - . . 24.07 4.99 2.21 .45 
1.19 B.00 6156 7C.IQ 13.39 3.44 4.33 .___ 9.32 I.82 4.b3 C.bZ lrb3 3.67 24.69 5.09.. . . . . . . ..45......... 2.26 

0.10 1.80 6.65 7b.31 13.70 3.44 4.33 9.43 1.&b 4.74 4.66 l.bJ 3.72 25.31 5.20 2.21 .45 
..a*2fJ.e.. 1.8O....b.73 78.24 L.4. 0 2 3.44 4.33 9.55 1.91 4.05 4.14 1.64 3.77 25.95 

I.30 1.80 b.02 Q0.20 14.34 3.44 4.34 9.66 1.96 4.96 4.79 1.64 3.02 26.59 

-%i--- 
OQ~2..1~14.hh3*4.J- 4.34~91712,01-5.01_4.Q5-1.bS3.Q7_27rP4 

.&Jo ___ ::","1... ",:',', ",i::: 14.99 15.32 3.43 3.43 4.34 4.34 10.00 9.59 2.06 2.11 5.19 5.31 4.91 4.97 1.65 1.66 3.92 3.97 .28.56 27.90 

8.70 1.81 7.15 QQ.14 15.6b 3.43 4.34 10.12 2.lb 5.43 5.03 1.66 4.02 29.23 
..Q.OO.~~.l.41..~.7.24...., 90.10 lb.00 3.43 4.34 10.23 2.21 5.55 5.00 1.67 4.07 29.91 

0.90 1.81 7.32 92.24 lb.34 3.43 4.35 10.34 2.2b 5.67 5.14 l.bl 4.12 30.60 

- 

,..9.40,.-m.l.S2 ._. 7.74....102.92 
9.50 1.82 7.a3 105.12 

3’::-- . 
17.40 
17.76 
10.12 
16.49 

.3.4J4.35-10.46- 
3.43 4.35 10.57 
3.43 4.35 lO.b9 
3.42 4.35 10.80 
3.42 4.35 10.92 
3.42 4.35 11.03 

.--2.32- 
2-J) 
2.42 
2.48 
2.53 
2.59 

.-5.79- 
5.91 
6.04 
6.16 
6.29 
b.42 

-5.20 
5.26 
5.3, 
5.37 
5.43 
5.49 

A.60 
l.bO 
l.bll 
1.69 
l.b9 
1.70 

4.27 32.71 b.43 2.54 .._ -'.45 ________. 
' 4.32 33.43 b.55 2.56 ..45 
i 4.37 ._ .34.lb b.b7 ~.58...~.~..'45... _.___ 

4.42 34.90 6.79 2.bl '.45 

5.30 z.jo...... i45 . .._____ 
5.41 2.33 .45 

i 5.05 2.42 .45 
5.9bc2.44 ____ .45.--....- 
6.01 2.47 .45 

1.12 
1.12 

7.eiLOL._35 +~~b~,~35_11~1'! 
1.00 109. b0 . 3.‘2 4.36 11.26 

ii.62 1.42 4.36 11.37 2.7b bell 5.bb I.71 4.57 
:;.;; 

7.17 2.60. ,. . ..45 __. 
20.00 3.42 4.3b 11.49 2.82 b.95 5.72 1.71 4.62 8 .x45 
20.39 3.42 4.3b 11.60 2.0 7.01 5.7b 1.71 4.67 ‘:,A:69 

:::“, :::: 

'a.45 _.. _. 
10.10 1.33 Q.33 llQ.Ql 20.7Q 3.42 4.36 11.72 2.94 7.22 5.03 1.72 4.72 39.47, 7.56 2.75 .I '-J45 

c . 

, . . ; 



BLAST WAVE PARAMETERS BEFORE AND AFTER A DIVERGENT NOZZLE 

TABLE D-IX 
_ .- -I 

SPECIFIC HEAT RATIO (GAHNAJ = 1.400 
. ..PREA.RATIO ACROSS THE DIVERGENT NOZZLE = 15.00 

_ . 
lIlJJ(NOZZLE f~LEl~CO~OIlIO~SilJlJJ,lJJ~J,,~SECONOIRI SHOCK U)~OIlIONSllJ~JllllPRI~ARY JRAHSHIIIEO SHOCK COHOITIONSII 

-.------._. --- - .--.. --- ._-_- _-- 
SHOCY FLOH FLOY SMOCK TEHP ZNDRV 211ORY ZNORV ZNOR V ZNOR” PRI” PRIt PRIM PRIM PRIM SONIC MACH NO. 

.NACB __ .HACtl . VEL. SlQEN RATIO SMOCK FLOY FLOU SHOC I( TEHP SHOCU FLOY FLOW SHOCK TEHP VEL. EEI. COHT. 
ND, NO. RAIIO nPCH nbcn VEL. STREH RAlIO HPCH “AC” VEL , STREN. RAlIO RI110 AND PNDRl 

. . NO. HO. RAlIO HO. HO, RATIO SHOCK 

Jlsil.!AlrydoLeou.IP-nsznZ- U2LA~-P2IPP--I2/To--~s~.-~~_u~Ldee;rLPoT1/IPd3/bO 

_ 
. . . . 1.07--~‘1.45 2.20 5.46 1.86 5.09 4.39 .S.81 .OC .47 1.1s .21 .21 1.26 1.09 1.04 ..41 

..A?.30 . . . . 1.11 .1.55 6.80 1.95 4.98 4.40 3.11 .05 .50 1.19 .2? .29 1.41 l.J2 l.Ob .42 ..__.. 
2.40 1.16 1.65 6.55 2.04 4.90 4.41 3.21 .06 .53 1.24 .J4 .36 1.56 1.15 1.07 .42 

-%Y 
P.-L---Z .1u.az4.42--3.31--01. 

..z:ro ___. :::: ::i: ._.__ 
._.. 

:::t 2.24 2.34 4.75 4.69 4.44 4.43 1.41 3.52 .08 .07 .63 .:~--:.:~--:t~::--‘11”.‘““““-4’---- 1.39 . .50 .56 1.67 2.03 1.22 1.25 1.10 1.12 ..42 .42 
._... ._____..__ 

2.60 1.30 2.04 6.91 2.45 4.64 4.46 3.62 .09 .66 1.44 .55 .62 2.19 1.26 1.13 .42 
-2.90 .___ 1.3s.. 2.13.. 9.64 2.56 4.60 4.47 3.73 .lO .69 1.49 ,60 .69 2.37 1.32 1.15 . ..42 . . _._._.. __ 

3.00 1.36 2.22 10.33 2.63 4.56 4.49 3.83 .ll .?I 1.54 .64 .75 2.55 1.35 1.16 .42 
-adO 1.38 2.31 1 tn~7LnO.524J1503.94 -12.7r-1.59-69..8u.Za1~JP__l.la.4r 

3.20 1.41 2.41 11.78 2.92 4.CI 4.52 4.05 .I3 .80 1.65 .I3 .a6 2.92 1.42 1.19 .42 
. . 3,30...1.43.. 2.50 12.54 J.05 4.45 4.16 .t4 .a4 1.70 .76 .92 3.12 1.46 .l.Zl.___.__. 42 4.53 .._.. __ 

3.40 1.45 2.59 13.32 3.18 4.43 4.54 4.27 .15 .nn 1.75 .80 r98 3.32 1.49 1.22 .42- 
J.50 l.C? 2.61 14.12 J.32 4.40 4.56 4.1) .lh .12 I.80 .OC 1.03 3.51 1.53 .1.24 _._.... 43 __.___._. 
S.t.8 I.49 .?.?r 14.95 3.41 4.38 4.57 4.48 .lI .Y6 l.bS .67 1.09 3.75 1.57 1.25 .43 

. -Lzo1.!i1*db-Srno ~~.6&-4.Jb~4.5l--s-4.60 -181.011.919P1.~~.9~.11_1.21 
3.80 1.52 2.95 16.66 3.74 4.34 4.59 4.71 .20 1.05 1.95 .9J 1.20 4.20 1.65 1.20 .*3 

..3.90 . ..1.54. 3.04.. 17.56 3.89 4.32 4.60 4.82 .?I l.IO 2.00 .96 1.25 4.43 1.69 l.JO .43 
4.00 1.55 3.12 10.50 4.05 4.Jl 4.61 4.91 .22 l*IC 2.01 .9Y 1.10 4.67 1.7J 1.11 .4J 

..!e.i’J ____ 1.57 . ..3.2t. _. 19.44 ‘4.20 4.29 4.62 5.04 .23 1.19 2.10 1.02 1.35 4.91 L.77 1, 13 41.______.._ . . . . . ..a 
4.20 1.56 3.30 20.41 4.37 4.28 4.63 5.15 .25 1.24 2.15 1.04 1.41 5.16 1.61 1.35 -43 

4~~59~S~L.4l4.5114.2614.64.26. 26-1.29-2.2OJ.PI.4b.?l~~;86_1.1 
4.40 1.60 3.48 22.42 4.70 4.25 4,65 5.38 .27 1.34 2.25 1.09 1.51 5.68 1.90 

-4.50 1.61 .._ 3.56 21.46 4.08 4.24 4.66 5.49 .29 1.39 2.30 1.12 1.56 5.95 1.95..1.40 ____ . . ..CJ ._.__...__ 
4.60 1.62 3.bS 24,52 5.05 4.23 4.67 5.60 .I0 1.44 2.35 L.14 1.61 6.23 2.00 1.41 .43 

e.4.70 .___ 1.63....3.74 ___. 25.60 5.2J 4.22 4.68 5.72 .32 1.49 2.40 1.16 _. 1.66. __ 6.51L2.04. 1.45 . . . . . . . . 43: ________. 
-4.80 1.64 3.63 26.71 5.42 4.21 4.63 5.83 .I3 1.55 2.45 1.18 1.71 

Lh30 SUZ,~45tbl.20~4.695.94_ 
6.80, 2.09 1.45 ,, :: .4).. 

5.00 1.66 4.00 29.00 5.60 4.20 4.?0 6.06 
--::-~~:--:~:$t~:~~-:,“-:l:~~:$“” 1 .4' 

. . . . . . 1.46 1 ” .43 I 
..5.10 ___. 1.67....4.09.... 30.18 6.00 4.19. 4.70 6.17 .38 1.12 2.61 1.24 1.65 7.70 ;.2.25. 1.50 _...__.. 43 _.._______ 

5.20 1.66 4.17 31.38 6.20 4.18 4.71 6.26 .40 l.?l 2.66 1.25 1.90 8.01 2.30 1.52 .43 

..:J: . .__.. i.2: . .__.. 4.15 4.2b _.... 32.60 33.65 ._ 6.40 6.61 4.17 4.17 4.72 4.72 6.40 6.51 .42 .4J 1.84 1.90 2.71 2.76 1.27 1.29 2.00 1.95 ._. 
_ 2.3K1.53 .____._. 4J.L; ______ 

6.32 8.65, 2.41 1.55. .43 5 

7.26 4.15 4.74 6.66 
5.80 1.71 4.69 39.08 7.41 4.15 4.74 6.97 .51 2.16 2.96 1.35 2.19 10.00 2.65 1.62, 3.43 , 

..5.90... 1.72... 4.18 40.44 7.71 4.14 4.75 7.09 .53 2.23 3.01 l.JC 2.23 10.36 2.69 1.64 .>. .SJ I . . . . 
6.00 1.73 4.66 41.83 7.94 4.14 4.75 7.20 .54 2.30 3.06 1.37 2.26 10.72 2.75 1.66 .43 . 

-- 6.20 . 5.03 5~LZ4nLlbll*iJ~lbLd2~ 44.66 a.42 4.11 4.16 T.4J ~56-2.3?.I.lLL~JS~JllLPhtdZ .S8 2.44 3.i7 1.40 2.31 il.45 2.6a I.70 - 



_--.---..- .- - 

RLA=,T IdiVE PARAHETERS BEFORE .ANO AFTER A OIVERGENl NOZZLE 
. .._ .~ . .._- ___.... 

TABLE D-IX (Cont.) 
------.. - --.- -__ 

SPECIFIC HEAT RATIO IGAM~AI = 1.400 
4RE4.RITIO 4CROSS THE OIVERGENT NOZZLE = 15.00 

.._._..._...__....._ . . .._.... 
ttl(ltNOZZLE INLET CONOIlIONilJl~lllililll~ltSECONDARY SHOCK CONDIlIONSlllllIllIPRIHARY TRANSHIl~EO SHOCK CONOiliONSll 

--..-___.--_- 
SHOCK FLOY FLOY SH3CK rEHP - ZNOR” ZNDRV ZNORY ZNDRY ZNORY PRIM PRIP PRIP PRIM PRIM SONIC HACN NO. 

li4Cl.__._. IlhCH.. VEL. .._ STQEH RATIO SMOCK FLOY FLOU SHOCK TEHP SHOCK FLOY FLOY SHOCK .lEnP VEL. ._____ BET.. COttl... 
NO. NO. RATIO MACH MACH VEL. STREN RATIO “AC” “ACH VEL. SlREN. RATIO RATJO AN0 ZHORI 

. ..__.____........__.......... . ..___ NO. NO, RAllO NO. NO. RI1 IO . _ SHOCK ______.. 

nscnll~stnzv2LIo /P-!JT2/I’UlSJ-~Je-eWAl&/pp~ll 

. ._ . . . . . . 46.1.4 
11.63~ ,;72 ._..... ;i.j ._____...._ 6.30 1.74 5.12 6.66 4.12 4.76 .7.55 .60 2.51 3.22 1.41 2.42 2.94 

w.b.40 .__._ 1974-c 5.20 47.62 t..9‘ 4.12 4.77 
6.50 1.75 5.29 49. ‘2 9.16 4.12 4.77 

-t-t? 
S5LlL!XL65 .4L5.l14.?L 

. 1.76 5.46 52.20 9.67 4.1, 4.76 
..6.80 1.76.. __.. 5.54.. 5J.7A... ..9.93 4.1‘ 4.78 

6.90 1.76 5.63 55.36 ‘0.20 4.10 4.76 
..7.00 t.77.. __._ 5.71 57.00 10.47 4.10 4.79 

7.10 1.77 5.80 56.64 10.74 4.10 4.79 
-L2PkLL--5 .~ao.~1~1..0t4~1oc.?9~ 

7.30 1.76 5.97 62.00 11.30 4.09 4.10 
.7.40... 1.70.. 6.05 ..__ 63.72 .._ 11.59 4.09 . ..4.60 

7.50 1.76 6.14 65.46 11.61 4.09 4.60 
7.60 1.rn 6.22 67.22 12.17 4.09 C.“O 
7.70 I.,‘) n. II (i’,. no 12.47 4.09 4.11 

~L.dO-l.I’l~b.J’l~lO.ul~I2.11~4.0e~4.o1~ 
7.90 1.79 6.46 72.64 13.06 4.01 4.61 

-0.00 1.79 _.._ __._ 6.56-s. 74.50 .___ 13.39 4.06 4.61 
6.10 1.00 6.65 76.38 13.70 4.08 4.61 

.7.56 .hl 
7.73 .65 

J.19- -.67- 
8.01 .69 
8.12 .I1 
6.24 .I3 
6.35 .76 
6.47 .7I 

-8.5L- --sBO.- 
6.70 ..¶I 
6.62 *as 
6.9J .I7 
9.05 .90 
P.lb .‘)2 

-9nLU.--- - .95- 
9.40 .97 
9.51 1.00 
9.63 1.03 
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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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Photos 
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Figure Hl. Six ft. by 19 ft. by 306 ft. Long Blast Tunnel 
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Figure H5. Sprint CTU Trajectory Measure from 400 Frame/Second Film/1200 lb 
CTU/Landed in Soft-Recovery Sawdust Pit and About 65 feet from Original Position 
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H6. Two foot diameter to 6 foot diameter to 19 foot diameter by 650 foot long Iis; 
Tunnel 

102 



ix H
 

103 



Appendi 

1 



. 

1.
6 

GR
IV

ER
 

1 
16

FT
8 
L8

3m
 
1D

lA
I.

D.
 

?.
7 m
 

TE
ST

 S
EC

TI
ON

 6
33

.5
FT

- 

19
 fT
 (
5.

8 m
l1

.D
. 

D
 

T
: !4
 

Q
 

-. X I 



106 





108 



, 



A
~~~n

d
~x H

 

110 



Appenc 

rw
enty 

foot diam
eter, 

nylon, parachutes 
to decef 



A
ppendix 

112 



dix H
 

If3 



Distribution 

Unclassified unlimited release 

1 MS0130 
1 MS1 167 
1 MS048 1 
5 MS0481 
1 MS0481 
1 MS0481 
1 MS0555 
1 MS0555 
1 MS0555 
1 MS0847 
1 MS0847 
1 MS0557 
1 MS0557 
1 MS0557 
1 MS0847 
1 MS1 163 
1 MS 1452 
1 MS 1453 
1 MS 1454 
5 MS 1454 
10 MS 1454 
1 MS9018 
2 MS0899 
1 MS0612 

Joseph Polito Jr., 1200 
Frederick Hartman, 15343 
Mark Rosenthal, 2114 
Tom Hendrickson, 2 114 
Hal Radloff, 2114 
Bill Moffatt, 2114 
Steve Heffelfinger, 9 134 
Jim Nakos, 9 134 
Floyd Mathews, 9 134 
David Martinez, 9 124 
Richard Field, 0124 
Tom Baca, 9 125 
Jerome Cap, 9 125 
David Clauss, 9125 
Rod May, 9126 
Larry Posey, 25343 
John Merson, 2552 
Greg Scharrer, 2553 
Lloyd Bonzon, 2554 
Mike Kaneshige, 2554 
Manuel Vigil, 2554 
Central Technical Files, 8945-l 
Technical Library, 96 16 
Review & Approval Desk, 09612 
for DOE/OSTI 

114 


	Abstract
	Acknowledgments
	Contents
	LIST OF SYMBOLS
	1.0 Introduction
	2.0 Primary Shock - Wave Diffraction and Flow Processes Through a Divergent Cross-Section
	3.0 Calculation of Blast Parameters Across a Divergent Section
	4.0 Blast Facilities
	4.1 4-Inch Shock Tube Studies
	4.2 2 - Foot - Diameter to 6 - Foot- Diameter Conical nozzle Shock Tunnel
	4.3 6-Foot-Diameter to 1 g-Foot-Diameter Shock Tunnel

	5.0 Blast Facilities/Additional PhotosEhadowgraphs
	6.0 Discussion
	References
	Appendix A. EQUATIONS FOR THE BLAST WAVE PARAMETERS AFT OF DEVERGENT NOZZLE, GIVEN THE NOZZLE INLET PARAMETERS
	Appendix B. EQUATIONS FOR THE SOLUTION OF THE COMPLETE WAVE SYSTEM AFT OF NOZZLE
	Appendix C. FORTRAN COMPUTER CODE, “DIVNOZ”, INCORPORATING THE EQUATIONS OF APPENDICES A AND B FOR CALCULATION OF BLAST PARAMETERS TABULATED IN 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 .O AND 15.0
	Appendix E. SHADOWGRAPHS OF SHOCK WAVE FORMATIONS AND FLOW OVER A CONICAL TEST UNIT
	Appendix F. TWO TO SIX-FOOT DIAMETER BLAST TUNNEL/ADDITIONAL PHOTOS
	Appendix G. Six foot-diameter by 200-foot long shock tube/additional photos
	Appendix H. Six foot Diameter by 19 ft. Diameter Blast Tunnel Configuration Photos
	Distribution

