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ABSTRACT 

The results of a time-dependent computation of blunt body 

shock layers for two-dimensional symmetric and axisymmetric flows 

are presented in a systematic form for a range of values of the 

free stream Mach number and bodies of different shapes and variable 

bluntness. 

A brief discussion of the relevant features of the computa¬ 

tional technique is given. The results are presented in a graphical 

form; the graphs have been produced by the computer. 
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1 . Introduction 

The main features of the tiow field about the blunt nose of 

., r>hicle flyinq at supersonic speed are, qualitatively, well- 

renown. A complete, detailed description of the flow, however, is 

Imrd to obtain. Formulae for the determination of some relevant 

parameters aro available, which generally rely on simplifying as¬ 

sumptions. More detailed results can be achieved through the use 

★ 
.>f numerical techniques on high-speed computers. 

One of these techniques, which was considered for the first- 

time in 1965 (Refs. 1 and 2) appeared as well-suited for practical 

purposes. As in most numerical procedures, the flow field is com¬ 

puted at the nodal points of a mesh. The mesh covers the shock 

layer only. Its fineness is controlled by two parameters in plane 

and axisymmetric problems, and by three parameters in three- 

dimensional problems. Obviously, the finer the mesh, the longer 

** 

the computational time required to obtain the solution. One 

important advantage of the technique resides in the fact that, 

even when an extremely coarse mesh is used, the values at the 

nodal points may be sufficiently accurate to provide a useful 

* Hayes and Probstein's book on Hypersonic Flow (Academic Press, 
1967) contains an exhaustive description and a critical analy¬ 
sis of practically all methods published in the open literature 

until '°65. 
★ ★ 

In problems involving two space parameters, halving the mesh 
size in both directions lengthens the computational time by a 
factor of 8. A factor of 16 is related to the halving of the 
mesh size in all three directions in a three-dimensional 
problem. 
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If the mesh is coarse. preliminary description of the flow field, 

the computational time is of the order of a few seconds.* By 

increasing the number of nodal points, not only more detailed 

information is obtained but the accuracy is increased. A computa¬ 

tion which requires about two minutes of machine operation yields 

results whose accuracy is generally greater than that of the most 

sophisticated experiments. In this connection, it may be noted that 

the use of a very coarse mesh is conceptually similar to the applica¬ 

tion of the method of integral relations (Ref. 3) with one or two 

strips. However, the present technique does not require a reform¬ 

ulation of the equations if the fineness of the mesh is increased, 

but merely a change in the two, or three, integers which define 

the number of nodal points. 

Therefore, it was considered appropriate to perform a systematic 

series of computations with a twofold purposes 

1) to test the technique in the widest possible range of 

body shapes and flow properties, and 

2) to provide a parametric compilation of cases which are of 

practical interest, in the hope that it could be used as a quick 

reference for neighboring cases. 

of the results are published in the present report. 

Since the object of tie report is a compilation and discussion of 

h 

All time estimates ara based on actual computations performed on 
the CDC 6600 computer. 



results, only a few words will be spent to describe the procedure 

used to obtain them. In what follows, the main features of the 

technique will be recalled from the previous communications referred 

to above and the adoption of new frames of reference will be 

justified. 

2. Outline of the Computational Technique 

For the sake of simplicity, we will focus our attention on the 

two-dimensional case. Let AB (Figs. 1 and 2) be a section of the 

body, CD a section of the shock wave, EF the sonic line. In Refs. 1 

and 2 , the equations of motion are written in a Cartesian frame 

(x,y). A natural boundary of the region to be computed is then 
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the closed line ABDCA, which has a segment, BD, parallel to the 

x-axis. Such a choice is possible only if (i) the body slope is 

positive up to a point inside the supersonic region, and (ii) the 

sonic line does not intersect the upper boundary. Both limitations 

are particularly severe if the free stream Mach number is low. 

The present computations have been performed after reformula¬ 

ting the equations of motion in a polar (r,0) frame, as in Fig. 2. 

In the axisymmetric case, a spherical frame (r,0,cp) is used, with 

the polar axis along the body centerline. In any meridional plane 

the section of the flow field appears again as in Fig. 2. 

As in Ref. 2, the region to be computed is first mapped onto 

a rectangle (Fig. 3) by linearly stretching the r-coordinate 

itween shock and body. New coordinates. G, Y and T are introduced. 

4 



defined by 

, _ r rbodv 
^ T ** r 

shock body 

Y = TT-0 

T = t 

when' t is the time. 

To compute interior points, the equations of motion are re¬ 

formulated in terms of the new independent variables. Then the 

derivatives of the equations of motion with respect to C» Y and T 

are formally evaluated. From such a system of equations the first 

and second order derivatives of density (p), velocity components 

(u and v), and entropy (S) with respect to T can be expressed as 

functions of first and second order derivatives of the same param¬ 

eters with respect to ' and Y. The increment of any parameter 

f(f=r,u,v,S) in a time step, t, is computed as 

1 à3f ; 
^.f = — _T + — TT* -*T 

ÒT 2 dT* 

The time step at each nodal point is taken equal to 

,'.s_ 
1.5(q+a) 

where q = (u2+v2)Í5, a is the local speed of sound, and As is the 

length of the shorter local side of a mesh quadrangle in the phys¬ 

ical plane. At the end of each step, the local increments are 

linearly interpolated to a common time step, chosen as the smallest 
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of the local time steps. 

Shock and body points are computed differently. In both cases 

the pressure is determined by a modified method of characteristics, 

as outlined in Ref. 2* At shock points a complete system of equa¬ 

tions is obtained by considering the Rankine-Kugoniot conditions 

for a moving shock. The system is then solved by iterating on a 

preliminary guess until the relative error in the velocity component 

normal to the shock is less than a prescribed tolerance, e. 

At body points, two additional conditions are obtained by 

writing that the entropy is constant for a moving particle and by 

using the momentum equation for the tangential velocity. Again, 

the complete system is solved by iterating on a preliminary guess 

until the error in the distance between the body and the initial 

point on the characteristic is less than e. 

The computation is started by assuming a parabolic shape of 

the shock and prescribing a linear distribution of Mach numbers on 

the body. The shock is initially assumed at rest. The values of 

pressure (p), c, u, v, and S are computed behind the shock and at 

the body, and linearly distributed at the interior points of the 

mesh. 

3. Presentation of the Numerical Results 

The computational program has options to output partial result« 

at any stage as well as at the end of the run. These include the 

mesh coordinates, the pressure, density, velocity components, 
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entjropy and Macn number at each mesh point. To get a direct feeling 

for the properties of the flow field, plots are necessary. Such 

plots, together with some typical numerical information, are ob¬ 

tained by processing the final output of the programs on a 

Stromberg-Carlson 4020 cathode tube display machine. Two pages of 

plots are printed, as shown in this report. It will be recalled that 

only two-dimensional symmetric and axisymmetric flows of a perfect 

gas are considered at this time. 

In the first page, the physical nature of the flow is described 

by the free stream Mach number and the value of the ratio of specific 

heats, V. The shape of the body and the extent of the computed 

region are shown in the figures of the seconu page and in the lower 

left figure in the first page. The number of mesh intervals is 

indicated in the first page; the first number denotes the number of 

intervals between shock and body and the second number denotes the 

number of intervals along the body. 

As an example, in Fig. 4 a mesh is 

shown which corresponds to the 

legend "4 BY 6 MESH". The mesh 

points on the body are marked by 

short lines pointing toward the 

origin of coordinates. The origin 

is the intersection of the upper 

boundary line and the centerline 

of the body. 

FIG. 4 
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. The standoff distance is expressed in arbitrary units. The 

abscissa of the stagnation point is expressed in the same units. 

The latter can be measured on the drawings, starting from the 

origin, and the unit length can thus be determined. As a rule, 

the unit length has a simple geometrical meaning in relationship 

with the geometry of the body. If the cross-section of the nose 

is a circle, the unit length is its radius; if the cross-section 

is an ellipse, the unit length is its major semi-axis; if the 

cross-section is a rectangle with a rounded shoulder, the unit 

length is the height of the rectangle. Finally, if the cross- 

section is a parabola, it is defined by 

y2= 2(x+x ) + 4 
o 

Also, in the first page the number of time steps and the 

value of e (called "TOLERANCE") used in the computation of shock 

and body points are shown. The values of the pressure 

printed in the first page are referred to the free stream 

pressure. The theoretical and computed values of the pressure at 

the stagnation point are printed, together with the relative error, 

E = Pst(comp)~Pst(theor) 

Pst(theor) 

The temperatures printed in the first page are referred to the free 

stream temperature. Again, the theoretical and computed values of 

the temperature at the stagnation point are printed, together with 
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the relative error, 

T -T 
E _ st(comp) st(theor) 

T 
st(theor) 

The computed values of pressure, density and temperature at the 

body point where M=l, divided by the computed values of pressure, 

density and temperature at the stagnation point respectively are 

also printed, with their relative errors with respect to the theo¬ 

retical ratios. 

In the right-hand side of the first page, pressure, Mach num¬ 

ber, and temperature along the body surface are plotted. The 

pressure is scaled to the computed pressure at the stagnation point 

and the temperature is scaled to the computed temperature at the 

stagnation point. The abscissae of these plots are angles, a (in 

degrees) measured between the centerline and a line joining the 

body point to the origin 

(Fig. 5) . 

In the bottom left of the first 

page and in the second page the body 

and shock geometries are repeated 

five times. in the figure of the 

first page, some streamlines are 

drawn. In a steady motion the 
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streamlines can be defined either as lines of constant entropy or 

as lines of constant total pressure. When the first is used, S 

is defined as 

S = In(p/p ) - Yin (p/p ) 
00 oo 

and the lines of constant entropy are spaced by 1/20 of the value 

of S at the stagnation point. Sometimes such a spacing does not 

provide enough information. In this case, lines of constant total 

pressure are used, spaced by 1/20 of the value of p at the stagna¬ 

tion point. As a proof of the equivalence of the two definitions. 

Fig. 6 shows, on the left, lines of constant entropy and, on the 

right, lines of constant total pressure for the same case, a two- 

dimensional flow about a circle at a free stream Mach number of 4. 

When superposed, the two figures match perfectly. 

Fig. 6 
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The other figures are self-explanatory. To interpret them 

quantitatively, it must be kept in mind that the values of the 

Mach number on the M=constant lines are spaced .1 apart. The sonic 

line is drawn heavier than the other lines. The isobars correspond 

to constant values of P/Ps^» -05 apart. The isopycnics correspond 

to constant values of ./ st < -05 apart. The isotherms correspond 

to constant values of T/T^, .025 apart. 

4. Discussion 

In the present report, only results for the two-dimensional 

and the axisymmetric problems and for a perfect gas at constant V 

are presented. In addition, one single program has been used for 

the computation of all the two-dimensional cases and one single 

program for all the axisymmetric cases, regardless of the geometry 

of the body. in other words, no special effort was made to achieve 

a greater accuracy in cases of a challenging geometry (very blunt 

e^^^Pses» flat-faced bodies) and we wished to explore the range of 

acceptability of such basic programs. 

A. Mesh-size effects 

To study the effect of mesh-size on accuracy, a two-dimensional 

flow about a circle at -4 was computed five times, using the 

following meshes: 

* 

These programs are labelled 2E and 2F, respectively. 
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Run No. 

Mesh 

Total number 
of steps 

Total time at 
final step 

199 200 201 

2x4 3x5 5x8 

160 240 400 

6.354 7.590 7.861 

202 203 

7 X 12 10 x 16 

560 800 

7.395 7.948 

(the time is scaled to r Vp /p » where r is the radius of the 
o oo oo o 

circle and p and p are the free stream values of density and 
oo oo 1 

pressure, respectively). In Figs. 7 and 8, the time history of 

some representative parameters is shown for the coarsest and the 

finest mesh of the set above. In the top and bottom parts of the 

figures respectively, the standoff distance and the pressure at 

the stagnation point are plotted (the latter is scaled to the free 

stream pressure). The middle part is the plot of the logarithm 

(base 10) of the difference between the maximum and minimum values 

of the velocity of the shock points, divided by the free stream 

velocity. Since the time-dependent computation aims at reaching 

a steady state, the first and third functions should asymptotically 

tend to a constant value, and the second function should tend to 

-oo. One can see from the graphs that the stagnation point pres¬ 

sure and the standoff distance reach a steady state in a relatively 

short time, whereas the shock wave is never perfectly at rest. 

This last feature is a result of the finiteness of the mesh, of 

the tolerance accepted in the iterations, and of the limited 

capacity of the computer. However, for all practical purposes, a 
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shock wave whose velocity is five orders of magnitude smaller than 

the free stream velocity is a steady configuration. 

No major differences can be noted between Fig. 7 and Fig. 8, 

despite the strong difference in mesh-size. The final results of 

all the cases mentioned above show, obviously, a better and smoother 

definition of values as the mesh-size is made finer and finer. The 

general trend of the curves, however, is the same in all cases. In 

addition, from a quantitative point-of-view, the differences between 

different cases at each point are surprisingly small. 

One can conclude that, in a case where the body shape is fairly 

smooth, preliminary estimates can be made with a fast, inexpensive 

run using a very coarse mesh. To make the point clearer, the 

dependence of some relevant parameters on mesh-size is shown in 

Fig. 9. The first plot shows the logarithm (base 10) of the rela¬ 

tive error in pressure and temperature, as computed at the stagna¬ 

tion point. These errors seem to level off at a value of about 

-4 
10 , probably because of the worsening of round-off effects with 

decreasing mesh-size. The second plot shows similar errors in 

p, r, and T as computed at the critical point on the body. Here it 

must be noted that the critical point itself and all the attached 

values are computed by linear interpolation between adjacent points 

on the body. Therefore, the accuracy is affected in different ways 

for different mesh-sizes (the relative location of the critical 

point in a mesh interval is not the same in two different cases), 

and this explains r. greater scattering in the plot. A line has 
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been drawn to represent an estimate of the errors and it shows the 

same trend as the two lines in the first plot. The third plot shows 

the standoff distance whose third significant figure seems rather 

hard to stabilize. Finally, the fourth plot shows the location of 

the critical points on the body and on the shock (measured in the 

polar frame of reference in degrees). 

RELATIVE ERRORS 
AT STAGN. POINT AT CRITICAL POINT 

STANDOFF 
DISTANCE 

LOCATION OF 
CRITICAL POINT 

FIG. 9 

To get an idea of the price one has to pay for a greater 

accuracy, here is a comparison of computational times for the five 

cases above, taking the time for case 199 as the unit: 

Run No. 199 200 201 202 203 

Computational time 1 2.5 10 28 73.5 

(the time for Run 203 is about 3 minutes on the CDC 6600). 
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In order to test the mesh-size effect on a body of a more 

complicated geometry, runs No. 169 and 270 were made. Their time 

histories are shown in Figs. 10 and 11, respectively. At the end 

of run 169 (400 steps), the standoff distance is not yet perfectly 

stabilized. A better situation is achieved in run 270, only because 

the computation runs for a longer physical time. In the final 

Plots, the pressure and temperature distributions on the body are 

not substantially different between the two runs. The Mach number 

distribution on the body is quite different in the region of high 

curvature. This results from a seemingly intrinsic difficulty in 

computing velocities on the body where the curvature is high. 

More comments on this matter will be found under D. The general 

trends of constant Mach number lines, isobars, isopycnics. iso¬ 

therms. and streamlines is the same in both cases and let us once 

again draw the conclusion that, for a preliminary, inexpensive 

evaluation of the shnr'V 
snock layer, a coarse mesh can be used. 

B• Tolerance effect 

Some runs were made with different values of the tolerance in 

the shock and body point iterations, namely, t=icf4, icT5, and 10-6_ 

MO appreciable differences were observed, and -: = 10^ was adopted 

uniformly throughout the present set of runs. 

C‘ steps necessary to achieve converg.^, 

in all runs, plots as in Fig. 10 were made. As a general rule, 

the stagnation pressure is the first parameter to become stabilized. 
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However, if one is interested in obtaining an accurate description 

of the entire flow field, it would be a mistake to use the stagnation 

pressure as a criterion for stopping the computation. The standoff 

distance takes much longer to stabilize. Moreover, the logarithmic 

plot of the shock wave velocity range shows that an overall stabil¬ 

ization of the shock wave is achieved only after a long time has 

elapsed. There are evidently a number of wavelets travelling over 

the computational region, which sometimes are hard to damp. From 

a physical point-of-view, an inviscid flow does not provide any 

mechanism for the damping of such wavelets, except on the shock 

wave itself. We find a similar behavior in our numerical computa¬ 

tions since their artificial viscosity is purposely kept very low. 

No attempt is made at vhis time to analyze the propagation 

and damping of wavelets in the numerical computations in relation 

to the propagation and damping of sound waves in the present prob¬ 

lem. Here we simply show the patterns obtained in a specific case, 

a two-dimensional flow field about a 5:1 ellipse at M =20. 
oo 

Fig. 12 is obtained by stopping the computation at step 1000.^ The 

constant Mach number lines and the isobars seem to be pretty smooth, 

but the isopycnics and the isotherms are full of ripples. Fig. 13 

is obtained at step 2000. Now all wavelets are practically damped. 

For the sake of completeness. Fig. 14 shows the time history of the 

run up to step 2000. Between step 1000 ani step 2000 the shock 

velocity range drops by an order of magnitude. 
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In a practical case, one must decide when to stop a computa¬ 

tion by compromising between his need for accuracy and the avail¬ 

able computational time. If a computation has to be stopped pre¬ 

maturely, smoother curves can be obtained by a crude averaging of 

values. Fig. 15 shows how the plots of Fig. 12 look like after 

averaging. Of course, these curves do not exactly fall on top of 

the curves of Fig. 13; however, they are qualitatively correct and 

probably good for all practical purposes. 

Another important conclusion has been reached through the 

present numerical experimentation. For an arbitrarily prescribed 

set of initial conditions, the first phase of the transient is 

always very active. All the major changes take place in the first 

5% of the total time necessary to achieve smooth results. There¬ 

fore, the discussion above is practically independent of the choice 

of initial conditions. 

D. Mach number and bluntness effects 

To study the effect of bluntness on accuracy, we have run 

several cases for bodies with an elliptical nose, the ratio of the 

two axes of the ellipse being taken as a measure of the bluntness. 

An ellipse with a bluntness of 1 is a circle; an ellipse with a 

bluntness of 6 is almost a flat-faced body with a rounded shoulder. 

However, it turned out that a study of the bluntness effect 

could not be achieved independently of a study of the free stream 

Mach number effect. Fig. 16 shows the Mach number and bluntness 
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parameters for the cases presented in this report (for both the 

two-dimensional and the axisymmetric problem). 
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No computations were made for a bluntness parameter greater 

* 

than 6. Below 6, some of the cases had to be discarded because 

the results were evidently poor (the relative errors mentioned in 

section 3 were too high? the plots were far from being smooth). 

Some other cases did not even run to completion. In general, it 

seems that, for a given free stream Mach number, the results 

worsen with increasing bluntness; the program fails for values of 

•k 

See, however, a preliminary survey of flat-faced bodies under E. 
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tho bluntness parameter above a limiting value. Such a limiting 

value is a function of the free stream Mach number; the lower the 

Mach number, the lower the limiting bluntness. 

These limitations were, in a way, expected. Neither program 

hau been tailored for handling high curvature effects on the body. 

I he truncation errors due to the linear interpolations performed 

in computing the values on the wall grow excessively if the curv¬ 

ature of the particle paths and the consequent rate of change of 

physical parameters are too high. Such errors propagate within 

the shock layer and are steadily generated at each computational 

step, if we accept the hypothesis, mentioned under C, that the 

damping of the error waves is mostly due to a dissipative mechanism 

at the shock, we should conclude that a weak shock is less capable 

of producing damping than a strong shock. At a low Mach number, 

not only the error waves in the shock layer are harder to eliminate 

(and may even become unstable) but the shock itself is more sensi¬ 

tive to such perturbations and tends to wrinkle. It is interesting 

to note that, at very low Mach numbers, the shock wave is actually 

extremely sensitive to all perturbations, and it is hard to keep 

it stable in an experiment. However, it is not the intention here 

to suggest any quantitative correlation between the natural phenom¬ 

enon and the present numerical effects. This is, at least, pre¬ 

mature. It should be noted, also, that at a low Mach number the 

disturbance field to be computed becomes very large in comparison 
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to the body size. Consequently, the overall accuracy tends to 

deteriorate. We would rather say that it is surprising how far 

one can force the bluntness, and how close to 1 the Mach number 

can be taken, with still acceptable results, and that this can be 

done without increasing the number of mesh points over 200 and with¬ 

out providing any special treatment for high curvature walls. 

How to improve the situation at low Mach numbers and high 

bluntness is, at this time, hard to say. Any modification to the 

program which increases the artificial viscosity is not advisable. 

With a mesh as coarse as the ones used here (and let us recall 

that the object of the present program is to minimize the computa¬ 

tion time), the artificial viscosity is bound to deface the whole 

flow pattern (when the flow tends to become steady, the time 

derivatives become smaller and smaller and eventually their effect 

is nullified by an equal and opposite contribution of the artificial 

terms). 

One can note that the Mach number on the wall tends to 

oscillate more than the pressure and the temperature. This indi¬ 

cates that the weakest computation is that of the velocity on the 

body. In the present programs, the velocity is computed by using 

one of the momentum equations. The energy equation has been tried 

instead, with no success. The latter defines the square of the 

modulus of the velocity by the difference between the Lagrangian 

and the Euierian derivatives of pressure. Truncation errors can 
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occasionally make such a square become negative, so that the computa¬ 

tion halts. Some attempts to damp the oscillations in velocity at 

the wall only resulted in a general catastrophic worsening of the 

computation, except perhaps, in the case of a sharp corner where 

the wall region before the corner is practically disconnected from 

the wall region behind the corner. The matter is being studied 

further. 

In the range of validity of these programs, some interesting 

parametric results can be obtained, which confirm and extend the 

ones available in Hayes and Probstein's book. Fig. 17 shows diff¬ 

erent shapes of shock waves and sonic lines for two-dimensional 

elliptical bodies at different Mach numbers; Fig. 18 does the same 

in the axisymmetric case. Each part of these figures deals with 

a given Mach number to show the bluntness effect. Figs. 19 and 

20 show the Mach number effect on the shock wave and the sonic 

line for a parabolic body in the two-dimensional and the axisym¬ 

metric case, respectively. Figs. 21 and 22 show the Mach number 

effect on the shock wave and the sonic line for a circular nose 

in the two-dimensional and the axisymmetric case, respectively. 
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FIG. 19 FIG. 20 
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I,ist of Casos Reported 

In this report, the results for the , '1 1 )W 1 n cases are 

Two-dimensional problem (program 2E): 

A. Study of the mesh size effect 

Al 

A2 

A3 

A4 

A5 

Run No. 199 J 

200 I 
201 > circuí ir . o 

202 l 
203 ) 

A 6 

A7 

Run No. 169 

270 
flat - far' d ), vT. v 

shouldei', M 
nr: 

4 

a i unde 

H. Mach number effect on a circular nos..: 

Bl Run No. 320 M =20 
ao 

B2 221 10 

B3 (see A5) à 

B4 222 3 
B5 423 2 
B6 324 1.7 

B7 325 1.5 

Elliptical nose at M(_o=20 

Cl 

C 2 

C3 

C4 

C5 

C6 

(see Bl) 

Run No. 215 

319 

316 

317 

318 

bluntness parameter 1 
2 
3 

4 

5 

6 

D. Elliptical nose at M =10 
no 

Dl 

D2 

D3 

D4 

D5 

D6 

(see B2) 

Run No. 230 

331 

332 

233 

234 

bluntness parameter 1 
2 
3 

4 

5 

6 

;hown 
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E. Elliptical nose at M0O=4 

El 
E2 
E3 
E4 
E5 

(see A5) 
Run No. 210 

211 
212 
313 

bluntness parameter 1 
2 
3 
4 
5 

F. Elliptical nose at =2 

Fl (see B5) bluntness parameter 

F2 Run No. 340 
F3 341 

1 
2 
3 

G. Parabolic nose 

Gl Run No. 450 ^oo 

G2 451 10 
G3 352 4 

Axisvmmetric problem (program 2F): 

B. Mach number effect on a .»Pherical IlQafi 

C. 

Bl Run No. 120 

B2 
B3 
B4 
B5 
B6 
B7 

121 
103 
122 
223 
124 
125 

Ellipsoid, at Mqo=20 

Cl 
C2 
C3 
C4 
C5 
C6 

(see Bl) 
Run No. 115 

119 
116 
117 
118 

M =20 
oo 

10 
4 
3 
2 

1.7 
1.5 

bluntness parameter = 1 
2 
3 
4 
5 
6 
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D. Ellipsoid, at M^-10 

(see B2) 

Run No. 130 
131 

132 

133 

134 

E. Ellipsoid, at Moo=4 

(see B3) 

Run No. HO 

111 
112 
113 

F. Ellipsoid, at 

Fl (see B5) 

F2 Run No. 140 

F3 141 

bluntness parameter 
2 
3 

4 

5 

6 

bluntness parameter - l 
2 
3 

4 

5 

bluntness parameter - l 
2 
3 

Dl 

D2 

D3 

D4 

D5 

D6 

El 

E2 

E3 

E4 

E5 

G. Paraboloid 

Gl Run No. 150 20 

G o 151 10 

G3 152 4 

H. Flat-faced cylinder with a rounded shoulder, Mqo=10.5 

( -ratio of the shoulder radius to the cylinder radius) 

Hi 

H2 
H3 

H4 

Run No. 80 

81 

82 

83 

• = .50 

. 25 

.10 

.05 

The H-series 

technique against 

(Ref . 5 and 6). 

when expressed as 

of runs has been made to test the computational 

a recently issued set of experimental data 

The computed pressure distributions on the body 

a function of the arc-length, fall exactly on 
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top of the experimental curves. The shock waves also fit exactly 

the experimental shapes. Some of the computed patterns are rather 

irregular, particularly when ? is very small, but this should be 

expected, as we said in section 4. Note, for example, that the 

body shape assumed by the mzichine in case H4 is only a rough 

approximation to a flat-faced cylinder with a rounded shoulder, 

a = .05. 
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TWO-DIMENSIONAL CASES 



ï*3 l'*' : -»IC' i’L at; .Titre i vi ;t i i\.i i r !• .t 

? or 4 '„en. »cn avt r.'i U Lt:i.« o. t r ai d 

F.:c: 3TI.7A« lACn r _r _n. -j. co, 0'.r."A . i.-io 

T*-: nTAc\Mic:r »v..0::1, 

ce i*. r.T/im\t:c, j r.,j .. 1 ?o.ijUi 
ft i.ativ:: tf;:;.», 0. Oita 

Ittll i. STAONAT If,'4 TLI. \ ÜAU1 3’ 4.200 

ceil*. 3TAtNATitiw T[ r; ci:auj 4.107 

Allatu\. Eirro.t.^ o.co:ípi 

CK it ica:, moo».':- ratio: c. 0?:,0 

DMT ic,M. t)::f.3tiv RAT 10- (J. t:: 10 

Off IT I CAI. TtfTcirAT.RATIC: C.O: H 

tu, L. line. :- 0. CC:>3 3 

CPÏL. CK-C r* 0.01-3 ) 

(I L. CK .C : t. 0041 3 

STA'-cevr 0tzTtur.t:=5.0240 

ACZCIO'.A Cl' STAI KATIO I rOlNT= - l. 0(,000 
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* 

r 

CONSTANT mach NUMDErc LINES 
I3C3ARS 
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TWO OlttCNStONAl. SrrMETrtlC BLUNT B03T RUN f.0 200 

3 or ï. Mean. 240 »reno iolerancebO.ooooio 

PRtC STREAM MACH HUMBER" 4.00. OAMHA. 1.40 

ThEOR. STAGNATION RRE3Sur,E« 21.CG3 

CCMP. STAONATION rn£G3U'¡E" 21.040 

RELATIVE rnAON 0.00131 

Tt-COR. STAGNAT tCN TEMTERATURE« 4.200 

CCMR. STAGNATION TEMPERATURE" 4. ISO 

RELATIVE ERROR' 0. 000:0 

CRITICAL RREEtURE RATIO"0.5239 

CRITICAL DENSITY RATIO"0.G407 

CRITICAL TEMMCRAT.RATIO"0.8330 

IREL. ERROR" 0.01G2 Î 

IREL. ERROR" 0.01C3 ) 

IREL. ERROR" 0. 0033 3 

STANOOPE dista CE»0.3191 

AC3CI33A OP 3TA0NAT ION POINT* » 1. 00000 

STREAMLINES 
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T»0 STMrtUUC tR.UNT toaY KUU HQ 201 

a BY ÍI rc:JH, 400 STtl’3 TOLCRANC£‘0.000010 

rncc aiRCAM mach Nyr;rrr?» 4.CD. oahma* t.40 

TfXCT. STAONATION PiîZaUJuE» 2I.CCO 

CCr.f*. STAONATION PRCGSU.TC» 21.072 

RELATIVE cnnarf« 0.00020 

Tr-eorr. stacmtion tem^eratun;. 4.200 

CCMP. 3TAGNATION TCr..’c(TATu:;2i 4.200 

RELATIVE En-;0R>' 0. 00OC3 

CRITICAL PRESUME RAT IO» C.02^4 

CRITICAL OEIÆi rY RATIO» 0.C334 

CRITICAL TENPERAT.RATIO» 0.0342 

IRcL. ERTC7* 0.0001 ) 

CREL. ER Ï0T» 0. OOtn ) 

IRCL. EliROR» 0.0010 Î 

STANOOf'P OI3TANCC«0.r«:.ii3 

AC3CI33A Ol* STAONATION POINT» - 1.00000 
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î 
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A3 
rucrm^t 

CONSTANT MACM NiJ.'DfR LINES 
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Two Olro.sionM. 5rr;r:;Tinc ulu mt i:uat RUN K3 2C2 

7 DY 12 M£Sn. t>30 STKt'S TOi-CRAUtE» C. C03010 

FREE 3TREAN (IACM NUMBER« 4. CS • OAM«a= l.<0 

TMEOR, STA3N <T tCN PnCSSU^E« Zl.CBO 

CCM.». 3TACNATICN P»:ES3u:«£.t 21.C35 

RELATIVE enmjR. 0. 00013 

Tr.EOR. STAGNAT ICW TEMPERATURE« 4.200 

COM". STACNUJCIN TEMPERATURES 4.200 

RELATIVE ERROR» 0. 00003 

f 
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A4 

to« 
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Two OtKÎNSICMAL STrtn.miC IXLl'iT COOT RUN KO 703 

10 BY 18 'ICSf . OOO 3TCKO TOLtKAKCE« 0. 000010 

fltci! STREAM IIACh Nur.^'R» 4,00. OAMMA. 1.40 

Tutor?. STAONUICN PRESnuTE* 21.CEO 

ca".». STACNMICN PfttiOURE« 21.072 

RELATIVE En/n.7. 0. 00017 

TMEOft, STAGNATION TtMPtftATjftE» 4.200 

COMP. STAGNATION TCM.ftIRAlUHE« 4.200 

RELATIVE ERftOft* 0. 00003 

CRITICAL Pnî33U*!E RATIO« 0.57.:-. 

CRITICAL DENSITY RATIO»0.C340 

CRITICAL TEn“ERrtT.RATIO»0.03:3 

:.<EL. ERROR» 0. 0007 J 

IREL. ERROR» 0.0001 Î 

tREL. ERROR» 0.0008 3 

STANDOrr OI5TANCC»0.5410 

ABSCISSA OP STAIJNAT ION POINT. - 1.00000 
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CONSTANT MACH NUr^ZfT LINES ISOJAKS 

» 
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r 

t»0 0IMtN3!0S*L 3t^rtT«IC BlUNT BOOT Kju KQ 16g 

5 Br BMCSi. 400 3TEP3 TOlE^ance . 0. 00001 0 

fWCE STREAM riACM Number. 6. 00 . Oamma. 1.40 

THCOR. 3TAONATION PIÎE33URE. 46.815 

CQmR. 5TA0NATI0N PRESSURE* 46.831 

RELATIVE ERROR. O.C0034 

TmEOR. 3TA0NATI0N TEM-ERATuRE« 8.200 

COMR. 3TAONATION TEMPERATURE. 8.201 

RELATIVE error, o.oooio 

CRITICAL PRESSURE RAT IQi0.7115 tREL. ERROR. 0.3407 ) 

CRITICAL DENSITY RATIO.0.7723 tREL. ERROR. 0.2183 ) 

CRITICAL TEMPERAT.RATIO.0.9212 (REL. ERROR. 0.I 054 3 

STANOOEP 0I3TANCC<0.8394 

ABSCISSA or Stagnation POINT. - 1.0394 
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r 
r 
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CONSTANT mach NUMBER lines 

P„N NO lSB . P» S. 00 A 6 

I 
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no OlreirStONAL 9T«KCT«IC Blunt boot RUH SO 270 

10 BT 1# MfM. BOO ater» TOlCRANCC*0» 000010 

PREC STREAM MACH SJMOCR* *.00 • OAMMA» t.40 

TmCOR. staonation pressure, «.bis 

COMP. STAGNAT ION PKESSURC« «.790 

REt AT I VE ERROR« O.OOOS3 

TmEOR. STAGNATION TEMPERATURE* 0.200 

COMP. STAGNATION TEMPERATURE* B.199 

RELATIVE ERROR* 0.00019 

CRITICAL PRESSURE RAT 10« 0.GCDB IREL. ERROR' 0. l«7 Î 

CRITICAL DENSITY RATIO«0.0979 IREL. ERROR. 0.1003 Î 

CRITICAL TEMPERAT.RAT IO«O.B700 IREL. ERROR. 0.0440 Î 

9TAND0PP DISTANCE.0.0777 

ABSCISSA OP STAG-MTtCN POINT. - l.00000 
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Two DIMENSIONAL STMMETRIC BLUNT BOOT RUN NO 370 

10 BT 12 MCS«, goo STEPS TOLERANCE« 0. 000010 

RRSE STREAM MACM NUMBERED. 00. OAMMA« 1.40 

TMECR. STAONATION PRESSURE«SIS.484 

COMP. STAONATION PRESSURE «SI S. 6S1 

RELATIVE ERROR- 0.00034 

TMEOR. STAONATION TEMPERATURE« 81.000 

COMP. STAONATION TEMPERATURE» 81.008 

RELATIVE ERROR« 0.00010 

CRITICAL PRESSURE RATIO« 0.5302 (REL. ERROR« 0. 003S ) 

CRITICAL DENSITY RATtO>0.6354 CREL. ERROR« 0.0023 ) 

CRITICAL TEMPERAT,RATIO«0.8344 IREL. ERROR« 0. 0012 ) 

STANOOPP OISTANCE«0.3821 

ABSCISSA OP STAONATION POINT.-1.30000 
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PROGRAM X. PUN NO 320 • M«20.00 B I 

CONSTANT MACH NUMBER LINES ISOBARS 

CONSTANT DENSITY LINES isotmcrms 
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TW DIMENSIONAL STMMETRIC OLUNT boot RUN N3 721 

10 BY 12 nCSH> 600 STEMS TOLERANCE>0.000010 

•FREE STREAM MACH NUMUER»! 0. 00 . OAMMA« 1.40 

ThEOR. STAONATION FRESSURE»120.217 

COMP. STAGNATION FRESSURE«129.237 

RELATIVE ERROR» 0.00016 

TMEOR. STAGNATION TEMPERATURE« 21.000 

COMF. STAGNATION TEMPERATURE« 21.001 

RELATIVE ERF OR» O.OOOCS 

CRITICAL PRESSURE RATIO»0.0301 

CRITICAL DENSITY RATIO» 0.6333 

CRITICAL TEMPERAT•RAT 10« 0.0342 

CREL. ERROR* 0. 003S ) 

CREL. ERROR* 0. 0024 ) 

(REL. ERROR» 0.0011 ] 

STANDOFF OIMANCE»0.40Q3 

ABSCISSA OF STAONATION POINT«-1.50000 
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T«0 dimensional srrmetRtc blunt body RUN NO 222 

ID BY UfMESHt BOO STERS TOLERANCE>0.000010 

FREE STREAK MACH NUMBER« 3.00. OAHHA« 1.40 

THEOR. STACNAT ION PRESSURE« 12.0S1 

COMP. STAtNAT[ON PRESSURE« 12.062 

RELATIVE ERROR- 0.000C8 

TMEOR. STACNATION TEMPERATURE« 2.800 

COMP. STACNATION TEMPERATURE« 2.800 

RELATIVE ERROR« 0.00003 

CRITICAL PRESSURE RATIO«0.5297 (REL. ERROR« 0.0026 ) 

CRITICAL' OCNSITY RATIO»0.634S CREL. ERROR» 0.O0C9 ) 

CRITICAL TCMPERAT.RATIO«0.8348 CREL. ERROR« 0.0017 ) 

STANOOPP OrSTANCE-0.6940 

ABSCISSA OC STAGNATION POINT«-l.30000 

STREAMLINES 
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Tua OlW.fltC'lAL STK^CTRIC r.u**t rã:-» PcN NO 4?3 

10 or 17 n£5«. 009 aiC^S tclCRAiîCC'O. OCOOIO 

fl*ee 5TOCAH flA.CM KU^KO» 2. OC» OAHMA» 1,40 

Tuto*. 9TA0NAT10N rf»e35L*t« 9.640 

COU*. 9TA0NATION rKE35u*C* 3.619 

RttATIve e**0*< 0.00334 

Tuto*. STAGNATION Ttr*C*ATUfTC» 1.800 

CO«*. STAGNATION TCHT’CKATUNE* I.7S9 

«LATIVf EKTOT* 0.00110 

COITICAL PfTCSSUTC RATIO» 0.5774 («L. tROCT* 0.0017 ) 

CRITICAL OtNSlTY RATIO» 0.6327 JRCL. ERROR» 0.0019 ) 

CRITICAL TEMPERAT.RAT IO»0.8333 IRtL. ERROR» 0.0002 > 

aTANOC« OriTANCE»! .2748 

AQ3CI33A OA STAGNATION rOlNT«-l.90000 

, t .... j . 
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wca*** ?c» Pu’* NO H23 . tf* 2.00 

CONUTANT 0EN31TY UNES ISOTHERMS 



T»0 OtrCKStONAL 5»rrcTffic Cuunt dcot ií¿n no 32< 

10 Br 20 nesn, tOOO steps TCuEPANCCt 0. C00CI0 

f«e STREAM MAC« NIJM3CR» t.70. OAMMA. 1.40 

theor. staonatjos PREsauRE* 4.224 

COHR. STAONATICH PRESSURE* 4. PS 

RELATIVE ERROR* 0.01103 

ThECR. STAONATIOM TEMPERATURE* 1.570 

COMP. STAGNATION TEMPERATURE* 1.373 

RELATIVE ERROR* 0.00333 

CRITICAL PRESSURE RATIO*0.3231 

CRITICAL DENSITY ratio*0.0344 

CRITICAL TEMPERAT.RATIO*0.0341 

IREL. ERROR* 0.0010 > 

(KEL. EKRCR* 0.00C9 ) 

IREL. ERROR* 0.00C3 3 

STANOOPP DISTANCE*!.0300 

AQSOISSA OP STAONAT ION POINT* - 1.30030 

MACH N«’ 0 IST RI lIJT [ON ON Tr€ BOOT 

—T-'FC. 
- j i 
-iM' 

Vi-4- ‘ 
* ;i-1 
‘ • t :#ii 1 ur - t-i -11 - 

■t-!-; i 
:! ; ! ! Í ¡ i ; - : ’ ; i itii. IT!- 
• r ; f • 

■tH j 
-i ! i : •I ...1 :. ; 

- ! ^ " 1 - ! - 
T.i.i '1 

:r 

t*“ 
i.r 

-i t - V ! 

:.fH : 
Í H-t 

..lT ! . 
. « f - Í ii'll : ivi: ‘ 1. 

41-1 : 

"t- r ' 
_ !; ! 1 

lLÍi: il'R 
!.ï::i 

j_t_t t JILL j-Hi- 
-i.:..:. L-.; 1 ,L-1-:,,.: i, i i ! ! ! i i i i i i ! i ' | 

0.0 20. 0 40.0 60. 0 00.0 100.0 

TEMPERATURE DISTRIBUTION ON THE BOOT 
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CO'.STant DENSITY lines 
ISOTHERMS 



T *0 OJf'CNSÎC .al 3tr.-£lf'¡C Blunt ECjr f. . NO 'J2'j 

10 Br 20 I1C3 3TEt*3 TOlCîTance« c. OSPOl 0 

fBCK SfKCAM eaCm NüA'O:«* J.36. CAf'.'-'Ai l,<tO 

staonatfn‘< p.^sol^c» 3.413 

CO"P. STAONATICN PRL3SurC. 3,310 

RELATIVE eh,tot« 0.02143 

TmECR. STAGNATION TErPERATuTE. 1.430 

CO“'", STAGNATION TCrPERATUTC« 1.441 

RELATIVE ER/tCT. O.OC017 

CRITICAL PREOSUNE RAT 10« 0.3230 

CRITICAL DENSITY RAT IO« 0. 6344 

CRITICAL TEN"ERaT.RAT|0« 0.0333 

IREL. ENVÍO». 0. 0013 ) 

(«EL. ER'-07- 0. 0007 ) 

CREL. ER' C.T. 0. 00C3 ) 

3TAi;00fr OISTAI.CE.r.ST'ja 

AOSOiaSA OP STaonatICn point.-1.30000 



I 
T 

CONSTANT MACm Nj’UJT LINES 

I 
I 
I 

ISOTHERMS 
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Two OITCNSIDNAL STn.ÆTRIC UlWT COOT HUN NO 2Iâ 

10 BY 20 KCSMi 1000 STEPS TOLERANCE«0.000010 

FREE STREAM MACH NUK2ERr20. 00. OAMMA» 1.40 

T MEOR. STAGNATION Pf:ES3U.'ie*515.494 

COMT. STAGNATION f’tl£3CURE*5l5.524 

RELATIVE ERROR» 0. C00C3 

THEOR. STAGNAT IOíJ TElirERATu.rvc« 01.000 

con*. STAGNATION TEMPERATURE» 81.002 

RELATIVE ERROR» 0.00002 

CRITICAL PRESSURE RATIO»0.S242 CREL. ERROR» 0. 0077 ) 

CRITICAL DENSITY RATia»0.C301 CREL. ERROR* 0. OC30 ) 

CRITICAL TEMPERAT.RATIO* 0.0319 (REL. ERROR» 0. 0017 ï 

STANOOPP OI3TANCE«0.5C90 

ABSCISSA OP STAGNATION POINT»- 1.30000 

68 



rwmAM 2E. RUN NO 215 . f1*20. BO 

CONSTANT MACM NUMESfR LINES IS03ARS 

CONSTANT DENSITY LINES ISOTNCmiS 



Two dimensional symmetric glunt Boar RUN KO 319 

10 BY 20 MESH• 2000 STEMS TOLERANCE« 0. 000010 

rnte stream mach numoer^o. oo • oamha. i.<o 

THE OR. STAGNATION rRESr>URC«5l5. 

COMP. STAONATICN PRESSURE*513.370 

RELATIVE ERROR« 0.00322 

TMEGR. STARNATION TEMPERATURE» 01.000 

COMP. STAONATICN TEMPERATURE» O0.S33 

RELATIVE ERROR« 0. 000C5 

CRITICAL PRESSURE RATIO«0.5773 

CRITICAL DENSITY RATIO» 0.67S3 

CRITICAL TEMPl'RAT.RATIO» 0.CÕO9 

IREL. ERrTCR« 0. 0040 ) 
tREL. CúaCR« 0. 0053 ) 
IREL. ERRCR» 0. 0203 ) 

STANOOPP OtSTANCE«O.C'32 

ABSCISSA Of STAGNAT ION POINT« 1.13333 
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CONSTANT MACH NUMBcR LINES ISOSARS 
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i 

Two dimensional symmetric blunt tsoar run no sis 

10 or 20 MCSMt 2000 STEMS TOLERANCE' 0.000010 

FREE STREAM MACH NUMBERED. 00. OAM.MA« 1.40 

TMEOR. STAGNATION PREOVJRE'S15.4U1 

COMP. STAOííAT ION PRESSURE =515. 3j2 

RELATIVE I .IOR> 0.00018 

ThEOR. STAONATION TEMPERATURE» 81.000 

COM*. STAONATION TEMPERATURE» 00.533 

RELATIVE ERROR* 0. 00005 

CRITICAL PRESSURE RATIO»0.51GI 

CRITICAL DENSITY RATIO-0.G191 

CRITICAL TEMPERAT.RATIO»0.0337 

tRLL. ERROR« 0.0230 3 

CRf.L. ERROR« 0.0234 3 

(REL. ERROR» 0. 0004 3 

STANOOrf OISTANCe*0.7200 

ABSCISSA OP STAONATION POINT* ~ 1.05000 

I 
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CONSTANT MACH NUMBER LINES ISOBARS 
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T*0 0InCN3l0NAL STMMETRJC CR.UNT BOCIY RUN NO 317 

10 BY 20 KCSMt 2000 STCRS TOLERANCE* 0.000010 

EREC STREAM MACH NUKQCR*20. 00. OAMMA. 1.40 

TMEOR. STAONATION RRESSUf.E^SlS.iO-l 

COMP. STAONATION rRECCURE»S13.332 

RELATIVE ERROR« 0.00030 

TMECR. STAONATION TEMPERATURE« 01.000 

CUMP. STAONATION TEMPERATURE« O0.S93 

RELATIVE ERROR» 0. OOOC3 

CRITICAL PRESSURE RATIO«0.5C30 

CRITICAL DENSITY RATIO«0.ES27 

CRITICAL TEMPERAT.RATIO*0.r543 

CREL. ERROR* 0. 0SS2 J 

tREL. ERROR* 0.0297 ) 

CREL. ERROR* 0.0257 ) 

STANOOPP DISTANCE*0.7529 

AOSCIS3A CP STAGNAT ICM POINT.-1.00000 

STREAf ¡LINES 
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ISOTHERMS 
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HO OlMENÍtONAL 3YMMÍ.TKIC fXUNT C^'JT KUN KO 310 

10 BT 20 MESMt 200n 3TCC3 TOLtRAKCl;* 0.0C0010 

HTEC STrcAfi hacm kum:!;r<?o. oo. oammaj 1.40 

TMEC^. STAC’MTIOil P^CSOU.tCrblS.^O-l 

cor«». 3TACNAT10N (•RESSUfU-blS.aO? 

RELATIVE Er.ROR» 0.00033 

TriEOR. STAONATION TEM^nATU^« 01.000 

conp. ST AONATION TEMPERATURES OO.S12 

RELATIVE EKrTOR« 0. 00010 

CRITICAL PHES3URE RATIO» 0.1334 

CRITICAL IJizNSITT RAT IO« 0.0707 

CRITICAL TEMPERAT, RAT IQs O.t'R’j 

IREL. ERROR« 0. ULO ) 

(REL. ERROR« 0. 0703 ) 

(REL. ERROR« 0.0422 ) 

STAKOOPP 013TAKCE«0.77C-; 

AC0CI53A OE STALRAT ION POIUTs O.rO'O? 

STRZAMLlf ES TEMPERATURE OISTRILüT ICI CN Tl E LE ET 
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PROOftMl 7C. RUN NO 310 . n*30. SO C 6 



Two Dir£K3lCNAL arr-iTRtc blunt t ear Run Kt) ?33 

10 BT 20 RC3M. 1 000 S1ER3 TCl.CRANCE= 0.000010 

rRte 9TRCAH «ACM NUNaER.lO.OO. Oanna. 1.40 

ThEOR. STAGNATION r«:03UN£«l23.217 

CONT. STAGNAT ICU P. .i-GGU/rE« l?9.217 

RELATIVE ERoOR« 0.00000 

MEOR. STAGNATION TEN'ERATu21.000 

COTJ*. STAGNATION TEMPERATURE* 21.000 

RELATIVE ERROR« 0. 00000 

CRITICAL PnEOGURE RATIO*0.5237 

CRITICAL CENSITY RATIO«0.C1J7 

CRITICAL TEMPERAT.RATIO* 0.0317 

tf.EL. EM*;OT* 0. 0C37 J 

IREL. EM..OT* 0. 0C37 ) 

IREL. LN.TCR* 0. 0020 ) 

STANOOPF DISTANGE*0.GOl2 

AIViCISSA OF STAGNAT IC 4 POINT* 1.30000 
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TkO Dtt'ÍINSIGNAL OTHî;ETl,’JC f.'LLNT CDHY RUN (¡0 33! 

10 OY 20 MESM. 2000 STU-a lOLERA.N.-fciO. C00010 

PREE STKEAM mach NUMoerMO. 00. Oai-; ia= 1.40 

TMEOÍY. STAGNATION PRESSUSErlZO. 217 

COliP, STAGNATION PRESGG'!C = 123. 1S7 

RELATIVE ERiïC.T» 0. 00015 

ThEOR. STAGNATICN TEPPERATURE» 21.000 

CCP.R. STAGNATION TEMPERATURE * 20.5.:9 

RELATIVE ERROR* 0. 00004 

CRITICAL PRESSURE RATIO* 0.5777 

CRITICAL DENSITY RATIO» 0.G751 

CRITICAL TEMPLRAT.RATIO» O.C. 37 

IREL. CRRC : » 0.OSES ) 

OREL. ERROR» 0.t050 ) 

CROL. ERRO f* 0. DECT ) 

stands,-F DI3TAr,GE*0.C91ü 

ADOCISSA OF STAGNAT ICN POINT* • 1. 13'?3 

°*0 0.0 lo.o ?j.o : :).o <o.ó iio.o^ro.o " vû.O 
mach NJ:,..:;: niGTUI. JTK > l > T!.. LE JY 

TEMPc RATURE OI'JTRIL JT (C'4 C'I Tl E L^3Y 



PTOCWAH 2E. «JN KO 331 . ruio. 00 

CONSTANT 0ÎN3ITT LlNcS ISOTMIRNS 

81 



TMO Otl'.E^IONAL STOMEIrtlC r-UJNT COOT RUN NO 332 

ID BY 20 rnSM, 1000 UTEPS TOLERANCE* 0.000010 

PREE STREAM MACH NUMBER*! 0. 00 . OAMMA* 1.40 

ThEOR. STAGNATION PrtESSunE*l20.2l7 

COMP. STAGNATION PRE53U-7E*123.152 

RELATIVE ERROR* 0.00030 

ThEOR. STAGNATION TEMPERATURE* 21.000 

COMP. STAGNATION TEMPERATURE* 20.i*a7 

RELATIVE ERROR* 0.00014 

CRITICAL PRESSURE RATIO* 0.5333 CREL. ERROR* 0. 0-ÍC3 ) 

CRITICAL DENSITY RATIO* 0.G53Î IRCL. ERROR* 0.0323 J 

CRITICAL TEMPERAT.RATIO» 0.0452 IRcL. ERROR* 0. 0H2 ) 

3TAN00PP DISTANCED.7613 

ADSC IS3A or STAGNATION POINT« -0.37UCO 



PROGRAM 2C. RUN K3 332 . M<10.00 

CONSTANT MACH NUMBER LINES 



T»0 UlrCi.aiC'^L SrrrîT^lC D-.UNT B03r ffiJN t.O 723 

10 BT 70 KS5«. I0C0 STCP3 TOi-tfíANCe.0. OOCCt 0 

PWCC STREAM MACH 00 . OAhMA. 1, <10 

TmEOR. STAGNATION P/T£5Sl;'‘C » 170. ? 17 

CONR. STAGNATION PNESSU»T£tl79.073 

RELATIVE ERROR* 0.0011? 

ThfOR, STAGNAT |PN TCM/N.RATl|R^* 71.000 

COMP. STAGNATION TEMPERATUR::» 70.203 

RELATIVE ERROR* 0. 00032 

CRITICAL PRESSURE RAT|0*O.SS3R 

CRITICAL DENSITY ratiq.o.goh 

CRITICAL TEMPERAT.RAT IO* 0.G3<I1 

(REL. ERROR* 0. 0332 ) 

(REL. CI.RCR» 0.0273 ) 

CREL. ERROR* 0.02-19 } 

STANOOt’P OISTANCE*0.7723 

ABSCISSA or STAGNATION POINT. ■ 1.00CC0 

PRES-JURE OISTRtUJÎ ION O'i ThE GOÛT 
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T»0 OIW.-StONAl. Stff-CTWIC B-UNT BU3r (TUN f.0 734 

to or 70 r.csjt. tooo TOi.e'<Ar.cc*o.ccrot0 

f(»CC 31RCAH MACH NUM3C>»*10. 00. OAr.rtA. 1.40 

ThCC*. 3TAONATION Prc33'j(?c;«t?9.7l7 

COMP. 3TACNATI0N PRC3SLJPÎ.129. 043 

«LATlví CRTO«. 0.00133 

îhton. 'áTAONATlON TCMPCrATuRC« 21.000 

COMP. STAGNAT ION TCMPCPATUPC» 70.S92 

PCLATtvC CRPOP* 0. 00030 

CRITICAL PRESSURE RATIO.0.5077 (RCL. ERROR* 0.1129 J 

CRITICAL DENSITY RAT IQ.0.6772 (REL. ERRLR* 0.0502 ) 

CRITICAL TEMPERAT.RAT IO* 0.€370 tREL. ERRC T. 0.0114 Î 

STAÍ.UOAP OllTANCi:.0.7O97 

A3SCISSA OP STAGNATION POINT.' 0.C;C37 



PRC.VîAi ?c. NO 23* . Mil 0.00 D 6 

I30BAK3 



no Dir.:s-a;c jal ovr;;.LTi<n: '.^lwt ccjy RIM 1.3 ?tO 

10 or 20 r.;sM. icoo stcps TOLERAv-cerO.cocoto 

Ercc 5TRSAI1 MACH RU.'.:.cRi 4. 00 • OAMMA* 1.40 

TKÏOrt. STAGNATION rRESTJJ!^* 21.0:3 

CU.^. STAGNATION (VGCGUHÜ. 21.035 

RELATIVE ERROR« 0. 00031 

THEOR. STAGNATION TEUPERaTURE« 4.200 

COMP. STAGNATION TEMPERATURE» 4.1C3 

RELATIVE ERROR* 0.00010 

CRITICAL PRESSURE RATIO* J.5?C3 

CRITICAL CGKSITY RATIO* 0.r,274 

CRITICAL TEMPERAT.RATIO« 3.C301 

OREL. CRi'OR* 0. 0141 3 

OREL. ER.\'C7= 0. 0103 3 

OREL. ERROR« 0.0023 3 

STANDOPP OI3TANCE*0.7G43 

A03CIE3A C' STAGNATION POINT* - 1.3CC00 

TEMi'ERATO CE OISTRiruTIC J CN 1H G.3Y 

88 
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CONSTANT MACH NUMBER LINES 
ISOBARS 
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Tto OIKENSIG'.'Al SYMMETRIC tS.UNT BCOY RUN 1.13 2U 

JODY 20 MESH. 1000 STEMS TOLERANCl-0.000010 

PRCE STREAM MACH HUMEER« 4.00« OAf-MA* 1.40 

ThEOR. STAONATION PRESSURE« 21.ISO 

COMP. STAONAT ION PRiSS’JRE« 21.CS3 

RELATIVE ERROR« 0. 000-13 

TmEON. STAGNATION TEMl'ERATURE« 4.200 

COMP. STAGNATION TEMPERATURE« 4.1S9 
RELATIVE ERFOR» 0. 00014 

CRITICAL PRESSURE RATIO! 0.S7S3 CREL. ERRCR* 0.0302 ) 

CRITICAL DENSITY RATIO=0.C73ù (REL. ERRC :■ 0. Cr?3 ) 

CRITICAL TEMPERAT.RATIO»0.0550 CREL. ERROR« C.0230 3 

STANOOFP DISTANCE»0.0741 

ABSCISSA OF STAONATION POINT* '1.13333 
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PROOKAH 2e. mjN NO 211 . «« 4.00 E3 

CONSTANT HACH NUMBE« LINES 

P 

•|¡! 
■F 

li 
I 
k 
f I 91 

j 



1*0 Otf"N3:OMAL SlK^lrtlC DLL)'IT rCCJY RUN K0 ?\7 

10 BY 20 M-SM. 1 000 STtfO TCLfR*'Cfc = 0. 00001 0 

FK^E STREAM mCM f.U.'L LR» <.C0. GAf MA= l.<10 

Turen. ST AQUATION PRESS'J".:« 21. f 3 

CO"*. 3TA0NATI0N PREr^J'.L» 21.034 

relative erncT* o.occls 

TMLC.T. STAGNATION TEr..JLltATu:;C* 4.200 

cor.'*. STAGNATION TEKVRATUXE» 4.1Í 3 

RcLATIVE EimOU 0. 00013 

CRITICAL PMESr'.TIE RATIO* 0.G223 tn^L. EH C'T> 0. 1731 J 

CRITICAL OCrüITY RATIO 0.7131 IKLL. Cr...CT* 0.124 3 ) 

CRITICAL TfT.PcRAT.RAT IQ* 0.0723 CIÙL. D.rX’* 0. 0<r.3 ) 

STAtnorp bist ai ct-*o. r : is 

ALL,CIS"A c," STAONAT ION POINT* 1.03000 

4.CO 

3. CO 

2.00 

1.C0 

0.0 

' ; * I 
î ; î r 

1 . . 
- . • i ' - 

.1,. 

. < . 
✓ N 

..] 
i \ 

i ¡ 
M--\ 

■i 
_. . 

Í ■ * > ' \i 

_L - .. 

i- 

! 

; • 
'Mi 

• . 1 1 
- • : 

11 
: t 

> ! 
■ i i i 

1 1 ■ 1 ’ i : 
’ 1 ! ! 

. 1 : 

1 ; • ¡ ’ 

-M' M • ; : • 
j . . t 

■■i- ft ; 
1 ■ • 
4 i ’ * 

O^O ïoVo ?0.0 : 0 0 '. 0.0 t 3.0 70.0 
MACM i.L; -. < u;st„i. jrir i o, i t. _ . .:ir 

--4- -<-M 
; f 

' \ 
■V 

— .- — —-- 

— — — — 
.... 

— 
— — 1.. ..-M 

— — — — — 

..... 

0.0 10.0 20.0 3'J. D 43.0 S3.0 CO. 0 VC. 0 

ur.rcRATu L oiSTiii1 jticn Cn Tr E c;:;y 

92 

m » 

m m 



93 



Two dimensional symmetric Blunt boot RUN NO 313 

10 BT 20 MESH. 2000 STEMS TOLERANCE*0.000010 

RREC STREAM MACH NUMBER* 4.00. OAMMA* 1.40 

TtiEOR. ST AON AT ION PRESSURE* 21.038 

COMP. STABNATION PRESSURE* 21.032 

RELATIVE ERROR* 0. 00077 

TMEOR. STAGNATION TEMPERATURE* 4.200 

COMP. STAONATION TEMPERATURE* 4.123 

RELATIVE ERROR- 0.00022 

CRITICAL PRESSURE RATIO* 0.5439 

CRITICAL DENSITY RATIO* 0.C4O9 

CRITICAL TEMPERAT.RATIO* 0.8486 

CRcL. ERROR* 0. 0233 J 

CREL. ERROR* 0. 0110 ) 

CRCL. ERROR* 0. 0184 ) 

STANOOPP DISTANCE*0.9718 

ABSCISSA OP STAONATION POINT* -1.00000 

TEMPERATURE DISTRIBUTION ON TME BODY 
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two DI nt k3I On aí. srnntTNic blunt boot Rl« no 340 

10BT 30 nesn. 3000 STEPS TOLERANCE*0.000010 

PREE STREAM MACH NUMOCR* 2. 00 • OAMMA« 1.40 

TMEOR. STAONAT ION PRESSURE* 5.640 

COMP. STAGNATION PRESSURE* 5.607 

RELATIVE ERROR* 0.00599 

TMEOR. STAGNATION TEMPERATURE* 1.900 

COMP. STAGNATION TEMPERATURE* 1.797 

RELATIVE ERROR* 0.00171 

CRITICAL PRESSURE RATIO«0.5332 

CRITICAL DENSITY RATIO*0.6373 

CRITICAL TEMPERAT.RAT IO«0.9335 

CREL. ERROR* 0.0094 ) 

IREL. ERROR* 0.0OSS ' 

tREL. ERROR* 0.0030 ) 

STANOOPP 0I3TANCE*1.6537 

ABSCISSA OP STAGNATION POINT*- 0.70000 

1.00 

0.60 

0.60 

0.40 

0.20 

3.00 

2.00 

1.00 

PRESSURE 0I3TR°l'mjTt0N ON VhE BOOT 
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0.0 20.0 
1ACM 

40.0 60.0 O0 
NUMBER DISTRIBUTION ON ÎME BOOT 

0.B0 

20.0 40.0 60.0 60.0 

TEMPERATURE DISTRIBUTION ON TmE BOOT 
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PROG Wl 2£t RUN t.3 

IS0TrCr(M3 
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TWO DIMENSIONAL SYMMETRIC BLUNT BOGY RUN NO 341 

10 BY 20 MESM. 2000 STEMS TOLERANCES. 000010 

r«E STREAM MACH NUMBER« 2.00. OAMMA. 1.40 

Tr€OR. STABNATION PRESS'JRE* S.640 

COMP. STAONATION PRESSURE* S.629 

RELATIVE ERROR« 0.00202 

TmEOR. STABNATION TEMPERATURE« 1.800 

COMP. STABNATION TEMPERATURE« 1.729 

RELATIVE ERROR* 0.00038 

CRITICAL PRESSURE RATIO«0.2290 

CRITICAL DENSITY RATIO«0.6332 

CRITICAL TEMPERAT.RATIO«0.0331 

(REL. ERROR« 0. 0014 ) 

IREL. ERROR» 0.0007 Î 

IREL. ERROR» 0.0021 > 

STANOOPP OISTANCE«1.0328 

ABSCISSA OP STAONAT ION POINT« - 0.33333 
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Pí?cv<*n ?E. mjM ko 311 . n= ?. oo F 3 

CONSTANT ClN3ITY LIMU ISOTnCNNS 



T*0 0IM¿N3t0NAL SrririCTKIC BLUNT BOOT RUN NO 450 

• BT 13 MCJN, eoo STEf’S TOLERAKCC*0. 000010 

PWC STRCAh MACH NUMBERED. 00. OANMAt 1.40 

THEOR. STAGNATION PRESSURE*515.484 

COMP. STAGNATION PRESSURc«5l5.757 

RELATI VC ERROR* 0. 00053 

ThEOR. STAGNATION TEMPERATURE* 81.000 

conr. STAGNATION TEMPERATURE* 81.012 

RELATIVE ERROR* 0. 00015 

CRITICAL PRESSURE RATIO*0.5247 

CRITICAL DENSITY RATIO* 0.G3C8 

CRITICAL TEMPERAT.RATIO*0.8318 

IREL. ERROR* 0. DOES ) 

CREL. ERROR* 0. 0050 ) 

CREL. ERROR* 0. 0019 J 

STANDOEP DISTANCED. 4G44 

ABSCISSA OF STAGNATION POINT* 2.00000 
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Two oi news i onal sthmctkic blunt boot RUN NO 451 

• BT 13 neSH. 800 STEPS TOLERANCE*0.000010 

EREE STREAM MACH NUMBER*! 0. 00 • OAMMA« 1.4 0 

TMEOR. STABNATION PRESSURE*129.217 

COMP. STABNATION PRESSURE»129.287 

RELATIVE ERROR* 0. 00OSS 

TMEOR. STABNATION TEMPERATURE* 21.000 

COMP. STABNATION TEMPERATURE* 21.003 

RELATIVE ERROR* 0. 0001S 

CRITICAL PRESSURE RATIO*0.5241 CREL. ERROR* 0.0070 J 

CRITICAL DENSITY RATIO*0.6303 (REL. ERROR* 0.0057 J 

CRITICAL TEMPERAT.RAT IO»0.831S (REL. ERROR* 0.0022 Î 

STANOOPP DISTANCED. 4914 

ABSCISSA OP STABNATION POINT*-2.00000 

STREAMLINES 
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T»0 01 kens I Onal symmetric blixt boot nw no 352 

• 13 MESH, 1400 STEMS TOLERANCE* 0.000010 

mE stream mach number* 4.00. oakma. imo 

tmeor. staonation pressure. 21. ose 

COMP. STAONATION PRESSURE* 21.079 

WLATIVE ERROR- 0. 000S2 

tmeor. staonation temperature* 

COMP. STAONATION temperature« 

"Elative error* o.ooots 

CRITICAL PRESSURE RATIO-Q.S21B 

CRITICAL DENSITY RATIO* 0.62S3 

CRITICAL TEMPERAT.RAT 10* 0.0304 

STANOOPP 01STANCE*0.7130 

ROSCI33A OP STAONATION POINT* -2. 00000 

4.200 

4.201 

CR£L. ERROR* 0.0123) 

tREL. ERROR* 0.0C89 ) 

(REL. ERROR* 0. 0033 ) 
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AXISYMMETRIC CASES 
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Axi'jYMttCTRtc Blunt t>OJt RUN NO 120 

1.00 

10 BY 7 MC3M. COO 3TCr5 TOLERM.CE- 0. 000010 

TREE STREAM MACtl KUMCERCO. 00 . OAMMA. 1.4 0 

TMEOR. STAONATION PRESSURE5.404 

COMP, 3TACMAT10N PRESSURE*'jl5.5SS 

RELATIVE ERROR« 0. 00014 

THEOR. 3TACMATI0N TCI1RERATU ÍE» 01.000 

CO.IP. 3TACMAT ION TEMPERATURE* 01.003 

RELATIVE ERtrOR* 0. 00004 

CRITICAL PRESSURE RATIO* 0.3311 CREL. ERROR* 0. 0054 ) 

CRITICAL OEMSITY RATIO»0.0255 tREL. ERKOR« 0.0024 Î 

CRITICAL TEMPERAT.RATIO*0.0253 tREL. ERROR« 0.0030 ) 

STANOOPP Ol!ITANCe*0.1304 

ABSCISSA OP STAONATION POINT* - 1.50000 

O.CO 

0.00 

0.40 

0.20 

0.0 
10.0 20. 0 30.0 

PRE tj'ü W1 <c OISTfdM'jTICN ON ThE code 
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AXtatrwCTKIC BLUNT BC'JT RUN NO 121 

10 BY V MC3H, 600 STtrS TOLERANCE*0. 000010 

PRCC STREAC HACH NUN3CR.10. 00 . OAHMA. 1.^0 

TMEOR, STAGNATION RRE0SURe«l?9.217 

C0.1P. STAGNATION RfîESSURG*l29.2'40 

RELATIVE EAROR» 0.00010 

THEOR. STAGNATION TEMPERATURE« 21.000 

COMP. STAGNATION TEMl'CRATUHL« 21.001 

RELATIVE EFROR« 0. OOOC5 

CRITICAL PRESSURE RATIO*0.S3G5 IREL. ERROR« 0.00-12) 

CRITICAL DENSITY RATIO« O.E3<0 IREL. ERROR« 0. 001G ) 

CRITICAL TIMPERAT.RATIO« 0.O3C3 IREL. ERRCR« 0. 002S ) 

STANOOPP OISTANCE»0.1353 

ABSCISSA Of STAGNATION POINT«- 1,30000 

0.0 10.0 20. 0 30.0 40.0 
MACH NUMCCR 0I3TUICUT1CN CN ThE L'53T 
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axisvttíicTRtz blunt ecar run t.o t C3 

10 BT 1J| HC3M. 800 3Ttf*3 TOLERANCE*0. 000010 

FREE STREAM MACH NUM32R» 4.00. OAMMA* 1.40 

tmeor. staonation rressure* 2i.cea 
COMP. STAGNATION PRESaURE* 21.072 

RELATIVE ERROR. 0.00010 

TMCOR. STAONATION TEMPERATURE* 4.200 

COMP. STAONATION TEMPERATURE' 4.200 

RELATIVE ERROR* 0.000CS 

CRITICAL PRESSURE RATIO*0.5204 

CRITICAL DENSITY RATIO*O.G047 

CRITICAL TEMPERAT.RATIO*0.B341 

CREL. ERRCR* 0.0021 ) 

CREL. ERROR* 0.0012 ) 

IREL. ERROR* 0. 0010 J 

STANOOFP DISTANCED.1752 

ABSCISSA OP STAONATION POINT* 1.00000 

‘J—1——L—l -1 — i l.-i—i— J—J-J——!——L_L——LJ—1— 

0.0 10.0 20.0 30.0 40.0 50.0 C0.C 
MACM KlUfiuER OISTUIOUTICN ON Th¿ l,r3T 

TEMPERATURE 0I3TRICUTIC.N ON THE LOOT 
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CONST/,;JT MACH ( '„..It L [(..:0 

» 
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AxrsYmi-iTKjc: Blunt t;oor RUN NO 1 ?? 

10 BY B MESH. COO STEMS TOLERANCE* 0. 00001 0 

FRtC STREAM MACH NUMEER« 3.CO . OAHHA* 1.40 

TMEO.T. STACK'AT ION MRCSSUTE* 12. CS1 

CCMM. STAGNATION MrtESSURE* 12.CC2 

RELATIVE ERITOr:* 0. 00000 

THEOR. STAGNATION TEMRCRATl!.";';* 2.000 

COMM. STAGNATION TEMMERATU -T= 2.000 

RELATIVE ERROR* 0. 00002 

CRITICAL iR-.ssu.>i_ ratio*o.jo2? 

CRITICAL DENSITY RATIO*0.0371 

CRITICAL TEMPERAT'.RATIO* 0.8334 

trCL. ERROR* 0. 0075 ) 

IF EL. ER'fOR* 0. OOiD ) 

(REL. ERTOT* 0. 0025 J 

STANOOFF OlSTANCE*0.2100 

ABSCISSA OF STAGNATION POINT* 1.50000 
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A» i:m r£THtC C-U’.T fjo'jr PJN t.o ??3 

10 or 12 ren*. COO STtf-S 

fff'C StfijAM riACM r.'j-j:f»i 2.00« 

TClE^1 CE* 0. COCOl 0 

OAKMA « t.4 0 

ÎIIÎ03. STAQ'IATICN BfCBÎjTC» a.f^O 

CC^. STAO’.ATICN 5.C-:0 

RÏUATIVC cmo'»* 0. COC04 

ThCOI. BTACiATIO'I UHPCKATu'.’C» 1.000 

CC *. 3TACNAT10S Tl.MPCWATu'f:« «.BOO 

RCLATIvr. trrrfOt* D.COOOt 

CRITICAL PlîC33uf?E BATtO* 0. 

CBtUCAl Oïf.tJtTY BATIO» 0. C.M l 

Critical TErJ*CBAT.rtATio* o.rn-n 

CREL. CRTOR. 0. 0013 J 

Cr.CL. ER ÎCR* 0. 0002 ) 

CrCL. r.îî:ÏQT. 0. 0013 J 

3TAN30Er OIÎ1TANCE*0. 33M 

AITOCiaCA C’ 3TA0NATI0N PûlMT. l.LOOOO 

TEMPERATURE OISTRIüuTICN ON ThC D03T 
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AXlSYrntlTRlC tS-UMT ßOQY RUN NO 12-1 

10 BY 15KÜ5H. OOO 3TCP3 

fRCC ST REAH MACH NunOER* 1.70. 

TOLERANCE« 0. 00001 O' 

OAMHA« 1.40 

TMECR. ST AGNATION PRESSURE» 4.224 

COMP. STAUNATION PRESSURE» 4.22S 

RELATIVE ERROR* O.OOCSO 

TMCGR. 3TAÛNATI0N TEMPERATURE* 1.S7Q 

COMP. 3TA3NATI0N TEMPERATUfR:* 1.S78 

RELATIVE ERROR* 0.00014 

CRITICAL PRESSURE RATIO* 0.5232 

CRITICAL DENSITY RATIO* 0.C323 

CRITICAL TEMPERAT.RAT IO* 0.0333 

CREL. ERRC7* 0. 0002 3 

IREL. ERTCT* 0. 0002 ) 

CREL. EFIRCR* 0. 0000 3 

ST AfiOOEP 0I3T ANCE*0. 4GS3 

ABSCISSA OP STAGNATION POINT*-l.00000 
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AxiSYnr.tTRic Blunt lV3y mj*T NO 12b 

10 CY IC MC3M, COO STEN3 TOLERANCE»0.000010 

EltEC STI.EAM MACN NU^CüR* 1.50. QANMAr 1.4 0 

TMCOR. STACNATION PrîESSURE* 3.413 

CO'TR. STACNATICN PRESSURE» 3.414 

RELATIVE FNPOR« 0. 00013 

THCOR. STACMATION TErr'ERATURE» 1.430 

COKf*. STAGNAT ION TEtV'CKATURE» 1.450 

RELATIVE ERROR* 0.00004 

CRITICAL PRESSURE RATIO*0.52U7 

CRITICAL DENSITY RATIO*O.C342 

CRITICAL TEMPERAT.RATIO* 0.0337 

CREL. ERROR* 0. CO00 ) 

CRCL. ERROR* 0.0CC3 3 

tREL. ERROR* 0. 00C3 3 

STANOOEr OI3TANCE*0.C210 

ABSCISSA OP STAGNATION POINTr l.00000 
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Axi3rm¿TNtc Buim tic-jr P'JN no us 

10 BY 13 N.cai. C30 3TCP3 TOt ENANCE* 0. 030CI0 

PRtC 3TRt/.n HACH NUN3^lf»20. CD . OAMMA« 1.40 

TnCOIt. 3TA0NAT ION P »'I -3r.UTE«bl5.<n4 

COMP. 3TA0NAT ION PN35IUf:f.*51S. TO6 

RELATIVE rf'-tGrt« 0. OCi'^O 

ThERí». STAONAT ION Tf.Il’rfTAVUPE» 01.00S 

corn”. STAGNAT [ON Tt r ’LRATO’TEi CO.fHI 

RELATIVE ERROfT’ 0.01007 

CHITICAL PUESOUTf RATIO« n.b31S 

critical density ratio*o.c: 37 
CRITICAL TEMî-EIÏAT.RAT IO« 0.037 0 

IHEL. FF!RO?= 0. 0120 ) 

IREL. Eí; CO*T« 0. 0073 ) 

CHOL. crfrt07« o. 0044 ) 

3TANOOrP DI3TANCC»0.2100 

A03CI33A OE STAGNATION POINT. -1.30000 
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AxiarnnerRic blunt boot RUN NO 119 

10 BY IB MESH» 1000 STEPS TOLERANCE* 0.000010 

PREE STREAM MACH NUMBERED. 00 • DAMNA* 1.40 

TMEOR. STAONATION PRESSURE «SIS. 484 

COMP. STAONAT ION PRE33URE.51S.589 

RELATIVE ERROR* 0.00070 

TMEOR. STAGNATION TEMPERATURE* 81.000 

COMP. STAGNATION TEMPERATURE* 81.003 

RELATIVE error* o.ooocs 

CRITICAL PRESSURE RATIO*0.5414 IREL. ERROR* 0. 0240 ) 

CRITICAL DENSITY RATIO*0.6440 CREL. ERROR* 0. 0159 Î 

CRITICAL TEMPERAT.RATIQ*0.8408 IREL. ERROR* 0.00SO Î 

STANOOPP DISTANCED. 27S4 

ABSCISSA OP STAGNATION POINT* - 1.13333 



CONSTANT Ci-NÜITY Llr.-3 I3Dtk£¡;m3 



ax (symmetric blunt body RUN NO 116 

10 BY 17 MESH. 1000 STEMS TOLERANCE*0« 000010 

FREE STREAM MACH NUMBEROO. 00. OAMMA« 1.40 

The OR. STABNATION PRESSURE *515.484 

COMP. STABNATION PRESSURE «SIS. 450 

RELATIVE ERROR* 0.00007 

TUEUR. STABNATION TEMPERATURE* 01.000 

COMP. STABNATION TEMPERATURE* O0.SS8 

RELATIVE ERROR* 0.00002 

CRITICAL PRESSURE RATIO*0.S437 CREL. ERROR* 0.0291 ) 

CRITICAL DENSITY RATIO»0.6459 CREL. ERROR* 0. 01BO J 

CRITICAL TEMPERAT.RATIO* 0.8418 CREL. ERROR* 0.0101 ) 

STANQOFP OISTANCE-O.Slll 

ABSCISSA OF 3TAONATION POINT* - 1.0S000 
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r.?CC*AH 2r > RUN K3 1 is . r.20. CO C 4 

CONSTANT MACH NUM3ER LINES 

I».. B,il umiu#i B «»Mr 
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axisymhetril bljnt body RUN NO 117 

10 by 17 nesHt iodo arepa tolerance«o.ooooio 

PREE STREAM MACH NUMQER«30. 00 • 8AMHA. 1.40 

ThEOR. STAONATION P«E3SURE»ai5.4a4 

COMP. STAONATION PRESSURE»S13.323 

RELATIVE ERROR- 0.00031 

THCOR. STAONATION TEMPERATURE- 01.000 

COMP. STAONATION TEMPERATURE- 80.833 

RELATIVE ERROR- 0.00003 

CRITICAL PRESSURE RATIO* 0.3SC3 IREL. ERROR- (i. 0533 ) 

CRITICAL DENSITY RATIO-0.6531 IREL. ERROR- 0.0331 ) 

CRITICAL TEMPERAT.RATIO«0.6304 IREL, ERROR- 0.0203 ) 

STANOOPP OISTANCE-0.3384 

ABSCISSA OP STAGNATION POINT-- 1.00000 
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PRC:.:?AM 2,-. Raw ko 117 ^=23. CO C 5 

IS03ARS 
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AXiSrmETRIC BLUNT BOOT RUN NO 118 

*0 by 17 nesH. looo steps tolerance«o.ooooio 

PREE STREAM MACH NUMBERCO. 00. OAMMA. 1.40 

TKON. STADNATION PRESSURE «SIS. 484 

COMP. STABNATION PRESSURE«315.2SO 

RELATIVE ERROR« 0.00042 

TMEOR. STABNATION TEMPERATURE« 81.000 

COMP. STAONATION TEMPERATURE» 80.SS0 

RELATIVE ERROR« 0.00012 

CRITICAL PRESSURE RATIO«0.5319 IREL. ERROR« 0.1014 ) 

CRITICAL DENS ITT RATIO«0.C7Q3 IREL. ERROR» 0.0704 ) 

CRITICAL TEMPERAT.RATIQ«0.O37S CREL. ERROR» 0.0230 ) 

STANOOPP 01STANCE«0.3S6S 

ABSCISSA OP STAONATION POINT« -0.SES87 
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AXlSYMMCTItlC BLUNT BOOT RUN NO 130 

10 BY IS MC3M. 1000 STEPS TOLERANCE« 0.000010 

PTCE STREAM MACH NUtlBCRM 0. 00. OAHMA. 1.40 

TICOR. STAGNATION PRESSURE« 129.217 

COnr*. STAGNATION PRESSum!*t2S.2S8 

RELATIVE ERROR« 0.00030 

T*OR. STAGNATION TEMPERATURE« 21.000 

COMP. STAGNATION TEMPERATURE« 21.002 

RELATIVE ERROR« 0.00009 

CRITICAL PRESSURE RATIO«0.S348 CREL. ERROR» 0.0124 ) 

CRITICAL DENSITY RATIO-0.6399 IREL. ERROR« 0.0079 ) 

CRITICAL TEMPERAT.RATIO«0.S371 CREL. ERROR« 0.0049 ) 

3TAN00PP OISTANCE-0.2272 

ABSCISSA OP STAGNATION POINT«" 1.30000 
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PKCC'IAH 2.-1 r.VN J33 . Mr IC. 03 D 2 

CONSTANT MACH NUM2ER LINES 
ISC3ARS 

ISOTHERMS 
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AXtSVnrCTRtC BLUNT BOOT RUN NO 131 

ID BT IBNCSM. tOBO Brers TOlFRANCEO. 000010 

PRCC 9TRCAH MACH NUnBER«10.00. OAHHA« 1.40 

TMCOR. STABNATION riTfS3URE«129.2l7 

CONP. STAGNATION rReaSURC*129.236 

RELATIVE ERROR* 0.00030 

THEOR. STAGNATION TEMPERATURE» 21.000 

COMP. STAGNATION TEMPERATURE* 21.002 

RELATIVE ERROR* 0.00009 

CRITICAI PRESSURE RATIO* 0.5413 (REL. ERROR* 0. 0248 ) 

CRITICAL OENSITV RATIO* 0.6439 (REL. ERROR* 0.0157 ) 

CRITICAL TEMPERAT.RATIO«0.0403 (REL. ERROR* 0.0087 ) 

STANDOFF OISTANCE»0.2847 

ABSCISSA OF STAGNATION POINT* - 1.13333 

5TPEAnt»,;E3 TEMPERATURE DISTRIBUTION ON THE ECOT 

134 



I 
T 
'“Él 

.i 
“ ? 

¡„ 

135 



AXtSVnrCTRIC BLUNT BOOT KM NO 132 

ID BY 17 neSM, 1000 STEPS TOLERANCE*0.000010 

PNCE STREAM NACH NUMBER*!0.00» BAMTIA* 1.00 

TNMR. STAGNATION PRESSURE* 129.21V 

COMP. STAGNATION PRESSURE*129.231 

RELATIVE ERROR* 0.00013 

THEOR. STAGNATION TEMPERATURE* 21.000 

COrr. STAGNATION TEMPERATURE* 21.001 

RELATIVE ERROR* 0.00000 

CRITICAL PRESUME RATIO* 0.5039 IREL. ERROR* 0. 0298 ) 

CRITICAL DENSITY RAT!0*0.6081 CREL. ERROR* 0.0191 ) 

CRITICAL TEMPERAT.RATIO*0.8019 CREL. ERROR* 0. 0103 ) 

STANOOPP OISTANCE*0.3210 

ABSCISSA OP STAGNATION POINT* -1.03000 
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2F. RU-; NO 132 . M=I 0. CO 

CONSTANT MACH NUÎ1CEIT LINES 

CO.’STANT OEN'SITT LINES 
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AXtSTKnCTRIC BLUNT BOOT RUN NO 133 

io nr |7 nesM. looo steps toleranccco.ooooto 

PREE STREAfl «ACM NUKBER*10. 00 • 0AHMA« 1.40 

TMEOR. STABNATION PRESSUBf»129.217 

COnr. STAGNATION PRESSURE« 129.202 

RELATIVE ERROR« 0.00011 

TKOR. STAGNATION TEMPERATURE« 21.000 

COMP. STAGNATION TEMPERATURE« 20.999 

RELATIVE ERROR« 0.00003 

CRITICAL PRESSURE RATIO«0.SS9S IREL. ERROR« 0.OS90 ) 

CRITICAL OENSITT RATIO«0.G5S0 IREL. ERROR« 0.0379 ) 

CRITICAL TEMPERAT.RATIO« 0..8903 IREL. ERROR« 0. 0204 ) 

ST ANO OFF OISTANCE«0.3487 

ABSCISSA OP STAGNATION POINT«'1.00000 
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P.7C3:ÏAM 2F. PUN KO 133 • MrlO.TD 
D 5 

CONSTANT MACH NlTOEfl LINES 

CONSTANT 03NSITV LtNcS 
ISOTfcfîMS 



AxisvnneTftic blunt boot HUN NO 134 

10 BY IB MC9n> 1000 STEPS TOlEI»ANC£»0. 000010 

PITEE STATE AH MACH NunOEBclO, 00 • OAMMA. I.AS 

TuEOB, STAGNATION PITESSUffe«l2S.3l7 

COTIP. STAONATION PRESSURE* 128,902 

RELATIVE ERROR* 0.00244 

TheOR. STAONATION TEMPERATURE* 21.000 

COMP, STAONATION TEMPERATURE* 20.983 

RELATIVE ERROR* 0.0 0070 

CRITICAL PRESSURE RATIO*0.82S8 (REL. ERROR* 0.1881 ) 

CRITICAL DENSITY RAT 10* 0.7134 tREL. ERROR* 0.1234 ï 

CRITICAL TEMPERAT.RAT 10*0.0783 CREL. ERROR* 0.0339 ) 

8TAN00PP OISTANCE*0.3863 

ABSCISSA OP STAONATION POINT. -0.08687 

STREAMLINES 
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D 6 

constant mach NyjHncn lines IS03AH3 

CONSTANT CENSITY LINES 
ISOTmCKmS 



I 1 

Axi9Ynr«TRic blunt boot RUN NO 110 

10 BT lireSM' 1000 STER3 TOLERANCE«0.000010 

RREE STREAM MACH NUMBER« 4.00 • OAMMA« 1.49 

tmeor. STASNATION PRESSURE» 21. osa 
COMP. STABHATION PRESSURE» 21.070 

RELATIVE ERROR« 0.00011 

TMEOR. STASNATION TEMPERATURE« 4.200 

COMP. STABHAT ION TEMPERATURE« 4.200 

RELATIVE ERROR« 0.00003 

CRITICAL PRESSURE RATIO» 0.5301 (REL. ERROR« 0. 003S ) 

CRITICAL 0EH3 ITT RATIO>0.6331 (REL. ERROR« 0. 0019 ) 

CRITICAL TEMPERAT.RATIO«0.8347 (REL. ERROR« 0.0018 ) 

STANDOPP GISTAHCE«0.2849 

ABSCISSA OP STABNATION POINT« -1.30000 
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2r. RUM K3 110 • M= H.00 
E 2 

CONSTANT OEf.ilJY LIN-S ISOTHEfmS 



RUN NO til 
AxlSrrvMCTRic Blunt boot 

— t finn *TFfS TOLERANCE*0.000010 
10 BT 17 MSSM. 1000 ST*'* ,uu 

FREE STREAM MACH NUMKR. 4.00. OAMHA. 1.40 

ThEOR. STAGNATION PRESSURE* 21.CS8 

COW. STAGNATION PRESSURE* 21.070 

RELATIVE ERROR* 0. 00010 

TMEOR. STAGNATION TEWERATURE» 

COW. STAGNATION TEMPERATURE* 

RELATIVE ERROR* 0.00003 

CRITICAL PRESSURE RATIO*0.S414 

CRITICAL DENSITY RATIO«0.G437 

CRITICAL TUWERAT.RATIO« 0.0412 

STANDOW 01STANCE.0.3432 

AOSCISSA 01' STAGNATION POINT* • 

4.200 

4.200 

IREL. ERROR* 0.0249 Î 

CREL. ERROR* 0.0133 Î 

IREL. ERROR* 0.0034 3 

1.13333 
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P(îC:.?ÎAM 2F. RUN KO 111 . M« 4. Í0 

CONSTANT MACH NU:12ER LINES 

CONSTANT CEN31TT LINES 
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AXISTMMCTRIC BlUNT B03T mjN wi 112 

»0 BT 17 MC3iit 1000 STtP3 TOLEfiANCE.0. 000010 

rntt strcah hacm kumcek. -i.oo. oaíima. i.40 

TMCOW. STAOKAT ion BRESSU'.c* 21.C39 

com. 3TA0NAT ION PKESSUTE« 21.074 

WLATIVE EW10«. 0.00027 

The on. stadívat ion TEmeHATuHE« 4.200 

com. STAONATION TEmEHATURE* 4.200 

RELATIVE ERROR« O.OOOC9 

CRITICAL RRCSSURE RATIO*0.54S7 

CRITICAL 0EN3ITT RATIO»0.G477 

CRITICAL TCWERAT.RATIO* 0.6423 

tREL. ERROR. 0.0331 ) 

CREL. ERROR* 0.0217 ) 

CfiEL. ERROR* 0. OUI ) 

STANOOFP DISTANCE*0.3303 

ABSCISSA OF STAGNATION POINT* 1.05000 
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AXlSYmCTKtC BLUNT BOOT RUN KO 113 

10 BT 17 nCBN. 1000 STEPS TOLERANCE« 0.000010 

FREE STREAM MACH NUMBER« 4.00> OAMMA» 1.40 

TMEOR. STAGNATION PPESSURE» 21.CCO 

COMP. STACNATION PRESSURE» 21.075 

»(ELATIVE ERROR« 0. 00039 

THEO*. STAGNATION TEMPERATURE* 4.200 

COMP. STACNATION TEMPERATURE» 4.200 

RELATIVE ERROR* 0. 00011 

CRITICAL PRESSURE RATIO«0.5594 

CRITICAL DENSITY RATIO»0.C57S 

CRITICAL TEMPERAT .RAT IO-’ C.B5C5 

IREL. ERROR« 0.0539 ) 

IREL. ERROR« 0.0374 ) 

CREL. ERROR« 0.0207 3 

STANDOFF OISTANCE*0.4170 

ABSCISSA OF STAGNATION POINT« l.00000 
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AXtSYWIETRIC BLUNT COOT RUN NO MO 

10 BY 20M3M. 2000 STCrB TOLERANCE* 0.000010 

PREE STREAM MACM NUMCER* 2.00. OAMMA* 1M0 

THEOR. STAGNATION PRESSURE* 5.G40 

COMP. STAGNATION PRESSURE* 5.639 

RELATIVE ERROR* 0.00033 

THEOR. STAGNATION TEMPERATURE* 1.B00 

COMP. STAGNATION TEMPERATURE* 1.000 

RELATIVE ERROR* 0.00011 

CRITICAL PRESSURE RATIO*0.5331 

CRITICAL DENSITY RATIO* 0.63-9 

CRITICAL TEMPERAT.RATIO*0.0378 

IREL. ERROR* 0.0MG 3 

IRE .. ERROR* 0. 0034 3 

(RtL. ERROR* 0.00S3 3 

STANOOrr OISTANCE*0.5201 

ABSCISSA OP STAONAT ION POINT* 0.70000 
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AXtSYro-.ETRIC BLUNT BOOT RUN NO HI 

to BY 20 rcSH' 2000 STEPS TOLERANCE«0.0000t 0 

PRCC STREAM MACH NUKBER« 2.00» OAfirtA* 1.40 

THEOR. STAGNATION PRESSURE* 5.G40 

COMP. STAGNATION PRESSURE« S.637 

RELATIVE ERROR« 0.00059 

TMEOR. STAGNATION TEMPERATURE« 1.000 

COMP. STAGNATION TEMPERATURE« 1.000 

RELATIVE ERROR« 0.00017 

CRITICAL PRESSURE RATIO«0.S401 

CRITICAL DENSITY RATIO*0.0417 

CRITICAL TEMPERAT.RATIO*0.0410 

(REL. ERROR* 0. 0223 ) 

CREL. ERROR* 0.0123 J 

tREL. ERROR* 0.0 039 ) 

STANOOrr DISTANCED.GC3S 

ABSCISSA OP STAGNATION f OINT* *0.53333 
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Axl3rnM£TRic BwUNT oœr RUN NO ISO 

8 BT 13 ME3M. 1 000 STEPS 

FREE STREAM MACm HUMBERTO. 00 . 

TOLERANCE = o. cocoto 

Oamma = t.4 0 

TMEOR. STAQNATtON f*RESSuRE«515.-íB4 

COMP. STAONATION PRESSURE015.519 

RELATIVE ERROR« 0. 0 0007 

TmEOR. STAONATION TEMPERATURE« 81.000 

COMP. STAONATION TEMPERATURE« 81.00? 

RELATIVE ERROR« 0. 0000? 

CRITICAL PRESSURE RAT IO« 0. 5705 

CRITICAL CENS ITT RAT 10» 0.6759 

CRITICAL TEMPERAT.RAT 10» 0.830? 

CREL. ERROR« -. 0H8 ) 

tREL. ERROR« -.0111 ) 

(REL. ERROR« -.0038 J 

STANDOFF OI3TANCE»0.1435 

ABSCISSA OF STAONATION POINT. -7. 00000 
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AXl3TW*eT«IC B^U»(T BOOT •»UN KO 131 

• BT 13 HC3M. 1000 STCT*3 TOlCKANCC« 0.000010 

F (TEC STHCAn HACK NUMBf (T»l 0. 00 • OAMMA» 1.40 

THEO^. STAOTATION FRE33URE»123.217 

conp. 9TAOKATION ME33ui»E»129.253 

RELATIVE ERROR* 0.00020 

TmEOR. STAGNATION TEMPERATURE» 21.000 

COMP. 9TA0NAT10N TEMPERATURE» 21.002 

RELATIVE ERROR» O.OOOC0 

CRITICAL PRESSURE RATIO» 0.SUM (REL. ERROR» 0.01C3 ) 

CRITICAL OEKSITT RATIO» 0.E7"2 tREL. ERROR» 0.0122 } 

CRITICAL TEMPERAT.RAT10»e.0’33 (REL. ERROR» 0.0043 ) 

ST ANOCPP OlST ANCE » 0.13 04 

ABSCISSA OP STAONATICN POINT. - 2.00000 
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AKl3ïHneT*lc blüht boot aus HO 132 

• BT 13 fiesi. H00 STEPS 

PBte 3TPEAH HACH HUPOCH* 4. 00• 

TOlEPasCE*0.000010 

OAr.HA. 1.40 

Theo*. 3TAOHATIOH PPESSuPE* 21.eso 
COMP. STAGNATION PPESSuPE* 21.078 

BELATIVE EPP04. 0.00038 

TmEOB. STAONATION TEMPEPATUPE» 4.200 

COMP. STAONATION TEMPEPATUPC» 4.200 

BELAT IVE EPPOP. 0.00010 

CPITICAL PPESSuPE PATIO*0.3194 

CB1TICAL OENSITT BATIO.0.6201 

CPITICAL TEMPEPAT.PATIO.0.0203 

(PEL. EPP07. 0.0168 ) 

IPIL. EPPCP. 0.0124 ) 

(PEL. EPPOP* 0.004S ) 

STANOOAP OI9TANCE-0.1S92 

ABSCISSA OP STAGNATION POINT. - 3. 00000 
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axiSymmetkic Blunt boot »tun no 63 

10 BT H Mean. 1000 3TEP3 TOlE«anCE=0. ooosio 

3T,*C*fT MACH NUMBERsl 0.50 . OAMMAr 1.40 

T MEOW. STAONATIOn T*(TE55U^C »147.414 

COMP.- STAONATION PRESSURE* 142. 350 

RELATIVE ERROR* 0. 00045 

TmEOR. STAONATION TEMPERATURE* 23.050 

COMP. STAONATION TEMPERATURE* 23.047 

RELATIVE ERROR» 0. 00013 

CRITICAL PRESSURE ratio*0.5373 

CRITICAL DENSITY RATIO«0.6411 

CRITICAL TEMPERAT.RATIO«0.6381 

(RE1-. ERROR* 0.0171 J 

CREL. ERROR» 0. 0113 3 

(PEL. ERROR* 0.0057 ) 

3TAN00FP OISTANCE*0. 3119 

ABSCISSA OP STAONATION PO[NT* - 1.3t 19 
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AXlSYttMCTRIC BLUNT BOOT RUN NO 01 

10 or 16 NESH. 1000 STEPS TOLERANCE*0.000010 

PRES STREAM MACH NUMSER*10.50. OAMMA* 1.40 

TMEOR. STAONATION rRES3USE*M2.4l4 

COMP. STAONATION PRESSURE*HI.930 

RELATIVE ERROR* 0.00340 

TMEOR. STAONATION TEMPERATURE* 23.0S0 

COMP. STAONATION TEMPERATURE* 23.029 

RELATIVE ERROR* 0.00C97 

CRITICAL PRESSURE RATIO* 0.5774 CF.EL. ERROR* 0.0331 Î 

CRITICAL DENSITY RATIO* 0.6721 IREL. ERROR* 0.C302 ï 

CRITICAL TEMPERAT.RATIO* 0.OS91 (REL. ERROR* 0.0310 J 

STANOOPP OI?TANCE*0.4010 

ABSCISSA OP STAONATION POINT*- 1.00000 
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AxlSYrreiKlC C.UNT B03Y RJN t.O 8? 

10 or 20 reSM, tooo 3TEP3 TClCWANCf.o, ooooto 

rnzc STffCAn MACH Nu«CZ«»10.30. OAr.MA* t.AO 

ThCCW. 9TACNATI0N P«CS3u^C*t42.4H 

CCH**. OTAONATJON PRESOLi^CiHl .033 

WLATIVE 0. 004CO 

ThEO<r. 9TAÛNAT ION TEAU’CffATu'ÏC* 23. COO 

COUP. STAGNATION TCP-PCRATURE* 23.023 

relative error* o.oous 

CRITICAL PRESSURE RATIO* 0.5032 CREl. ERROR* 0.1C37 J 
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