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Summarx

Observation of transition of the hypersonic boundary layer on a cone
continued with experiments at Mg = 10. Transition independent of the
unit Reynolds number was obtained. This is dramatically different from
the results obtained earlier. Blunt cone transition with a wide range of

nose radii was examined. It was found possible to correlate transition

cr

on different blunt cones using a new bluntness parameter SB/S

1 iad

NN U SO P SV SRR




List of Figures

Tunnel capability compared to requirements for transition testing

Typical pressure distribution along cone, Meo = 10, Ry =0 |

i

Transition Reynolds number at Mgo = 10 and other wall temperature ratios

Transition Reynolds numbers as a function of Sg/Sgw, 8- 8°, Meo = 5.5 (Ref. 9)

Blunt body flow field J

2,

3. Sketch of modified nose section

4. Construction of modified nose section

5. Non-dimensional heat transfer for three unit Reynolds numbers

6. Heat transfer distribution (Condition 16)

7. Transition Reynolds number as a function of unit Reynolds number

5.

9. Continued correlation of hypersonic sharp slender cone transition
10. Transition on sharp cone as a function of local Mach number

11. Transition location on blunt cones

12, Transition Reynolds numbers on blunt cone

13. Blunt cone transition as a function of Sg/Sgw

14. Comparison of edge Mach number for two calculating techniques
15, Comparison of edge Reynolds number for two calculating techniques
16. Swallowing and critical distances for SC = 8% Meo = 5.5 (Ref. 9)
17. Comparison of Me for '9'c = 89, Moo = 5.5 (Ref. 9)

18. Transition location on blunt cone, '9c = 89, Mge = 5.5 (Ref.9)

19.
20. Transition Reynolds number on blunt cones as a function of M,
21. Blunt cone transition parameter
224

iii

el D I




-

CH
M
2
P (LB/IN%)
q (BTU/FT2SEC)

R (IN)

T (°K)
U (FT/SEC)

X (FT)

Subsc riBta
B

cr

libration

Non-dimensional heat transfer rate (Stanton number)
Mach number

Pressure

Heat transfer rate (or Q)

Padius

Reynolds number

Distance along cone surface from stagnation point
(wetted length)

Temperature
Velocity

Distance along cone axis from virtual apex

at beginning of transition
cone

) A
at location where Mg = M, - 1
at end of transition
at edge of boundary layer
nose of model

recovery value

wall or surface value

iv




8w

Sugerscrigt

A

Abbreviation*

VIZAAD

NSBL

at location where boundary layer swallows nose induced
entropy layer (M, = 0.95

e)
total value

reflected region of shock tunnel

ahead or outside of cone shock

behind normal shock

on sharp cone

Viscous Interaction Zero Angle of Attack Drag

Non-Similar Boundary Layer

*These are two blunt cone flow field computer programs.
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l, INTRODUCTION

Experiments on hypersonic boundary layer transition in the GE 6" /54"

shock tunnel at free stream Mach numbers of 12 and 15 have already been

reported (1). The range of parameters covered were limited by the tunnel

capability (see Fig. 1). The largest operating capability occurs at the lower
Mach number and lowest stagnation temperature for a sharp cone. In- g
creasing the total temperature (lower wall temperature ratio) or the nose !
radius increases the free stream transition Reynolds numbers. At a free !
stream Mach number of 15 very little parameter variation is possible.

A logical extension to these results would then be at a lower free
stream Mach number. The physically largest possible throat size allows
a free stream Mach number of around 10. Some experiments were per-

formed with this throat using the same basic 12 ft. cone model used

earlier, Some re-design of the model was necessary since transition
could now take place at the extreme forward section of the model which 1

had not been instrumented in sufficient detail. !

2. EXPERIMENTAL DETAILS l
The flow fields are determined as before by surface pressure

measurements on the model and the data is shown in Figure 2 together

with the corresponding local Mach number calculated from the surface 3
pressure data. This has been described in earlier reports of the higher 1
Mach number data. It should be pointed out that since this condition ' i

represents a further decrement away from the design condition of the

: - ——e
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tunnel, (M = 20), a slightly increased edge Mach number gradient exists
for this case. Since the scale of the experiment is generally smaller
because of the increase in the unit Reynolds number, the actual change

in edge properties represents about the same percentage changes in Mach
number for the higher Mach number data.

The model was modified by replacing the uninstrumented nose
section with sections containing detailed instrumentation. Figure 3
demonstrates the modified nose sections. Because of the small diameter
at this location, it was not possible to use gages of the type previously
used in the model. Hence it was decided to use continuous pyrex strips
in the model with the pyrex forming part of the model surface. The
strips were then drilled ultrasonically for the gage wires and painted
with the gage materials. It was thus possible to obtain the fine spacing
on the heat gages shown in Figure 3. The cross-section of the construction
is shown in Figure 4. The pyrex T-section was ground with a steel dummy
model so that the surface match from gage to model was such that no
r'neasurable step was obtained. It was also necessary to add additional
internal amplifiers and these were located just behind the first two in-
strumented sections of the model. Existing instrumentation to 12 feet
on the cone was also available. For the large bluntness experiments
the new nose sections were not, of course, used. Indeed transition
was generally then on the back portion of the cone.

Because of funding limitations on the experiment, the parameters




varied were the wall temperature ratio and the nose bluntness only. It was
unfortunately not possible to obtain profiles and spectral measurements.
The instrumentation therefore was restricted to surface pressure and sur- ‘
face heat transfer gages. Transition was again determined from the surface
heat transfer measurements.
In common with most of the thinking on transition, local properties
are quoted in correlation of blunted cone data. In Ref. 1 the GE blunt
cone calculation known as VIZAAD (2) was used to calculate local properties.
This approach uses boundary layer correlations to estin ate the all important
boundary layer thickness. Profiles of pitot pressure and total temperature
obtained through the boundary layer on this 12 ft. cone has been comvoared (3)
with another calculation denoted NSBL (for non-similar boundary layer) (see
Ref, 4). For continuity VIZAAD was used again to calculate local properties.
A comparison between these various approaches is given later.

3. SHARP CONE TRANSITION

The test results of Mg = 10 are summarized in Tables I-III. The
free stream conditions are shown in Table I. The table itemizes conditions
at the apex of the sharp cone. Due to the Mach number gradient all of the
properties change as X increases,

The surface heat transfcor data is used to determine Xp and XE’ the
axial locations of the beginning and end .f transition. At a fixed wall temp-
erature ratio a unit Reynolds nuinber variation is obtained by changing

pressure levels. Some results are shown in Figure 5 where CH’ the




non-dimensional heat transfer is considered a function of Re,. A clear
ReXB is determined for two of the cases. For the third case the flow was
laminar up to the same ReXB (end of measuring region). The data at
condition 16, however, (Fig. 6) shows a curious anomaly which was not
present at higher Mach numbers or at any of the other flow fields. The
heat gages demonstrated a break away of heat transfer from laminar
level at a different location from that obtained by extrapolating back the
heat transfer data immediately before the end of transition. No physical
explanation for this is yet known.,

From these four flows, all obtained at a wall temperature ratio
of 0. 26, it was possible to obtain transition Reynolds number as a function
of the unit Reynolds number in the free stream (see Fig. 7). The lines
marked 12.2 and 10. 2 are for data obtained in this facility at the higher
free stream Mach numbers on the same cone. Also shown is the trend
of anticipated results at free stream Mach number of 10 corresponding
to an edge Mach number of about 8. 8. Notice that the actual data ob-
tained give the same RexB for a wide range of unit Reynolds numbers
and therefore certainly do not fit the anticipated results. The data then
represent a dramatic change from that observed earlier in most wind
tunnels, and even in a ballistic range (Ref.l1) in that transition independent
of the unit Reynolds number was obtained. Notice that condition 16 repre-
sents two transition data points since two separate definitions of transition

are possible. The two points, XB] and XB2 are shown in Figure 7. It




may or may not be coincidental that XB1 fits the ""anticipated'' trend. |
At other wall temperatures, two data points were obtained. Since so

little data is present, it will certainly be rash to claim a wall temperature

effect with the data shown in Figure 8. It is true, however, that different

wall temperature data do not fit the same unit Reynolds number trend as

they did at Mgo = 12 and 15. It is possible to combine one of the condition 16

points with the other wall temperature points to produce a unit Reynolds

number effect independent of wall temperature. However, this is only one
of several possible results, We conclude at the present time that more

data and information are needed to determine whether there is a wall temp-

erature effect associated with the Mach 10 data in this tunnel.

Recently Mateer and Larson (5) reported some new results on cone
transition in a NASA-Ames blowdown tunnel. The 5° cone data falls within
our definition of slender cone (‘sc < 10°). For this configuration there
was little or no influence of unit Reynolds number on transition. This data
is represented on our transition correlation shown in Figure 9.

Without more experiments it is possible to only suggest a reason for the
lack of unit Reynolds number effect for these two examples. Mateer and
Larson suggested that a helium layer on the nozzle walls (used for nozzle
cooling) reduces the noise radiated from the tunnel nozzle boundary layer.
Pate and Schueler (10) have recently given strong evidence of the influence

of such radiated noise.

For the shock tunnel experiments at Mgo = 10 the only physical change
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was in nozzle throat diameter. Since there will still be nozzle radiated
noise, although non-dimensionally less than at higher Mach numbers, the

lack of unit Reynolds number influence is not obvious. One can postulate

that some other source of free stream turbulence, possibly generated in

the reflected region of the tunnel, becomes the controlling factor at Mg = 10.
Some experiments are presently being conducted to examine this possibility.
The drastic difference in unit Reynolds number effect from Mee = 12
and 15 to Mee = 10 in one tunnel underscores the comments made in Ref. 1
concerning the effect of Mach number on sharp cone transition, Using the
same ''chosen'' unit Reynolds number of 2 x 10° the correlation of transition
Reynolds number with Mach number appears in Figure i0, With the addition
of the 5° cone results of Mateer and Larson (5) plus the information from
Stainback (6) that his tunnel appears '""excessively noisy'' the Mach number
! curve is now somewhat different from that shown in Ref. 1. The new

' relationship has a strong Mach number effect only at high edge Mach num-

bers.

However, it is clear from Figure 8 that the choice of unit Reynolds

number is very much a feature of this "Mach number effect.'" Hence, as

indicated in Ref. 1, this "effect of Mach number' should be noted with

extreme caution and is really at best qualitative at this stage.

4. BLUNT CONE TRANSITION

4,1 Results at Moo = 10 and 12

The blunt cone experiments were in two series. A small nose bluntness

v




variation was obtained using the modified nose model described earlier.
These results are in Table III. Maximum nose radius was . 050", In
addition, some experiments with the original configuration and large nose
radii (. 5" to 1.0") were performed and also tabulated in Table III. As
explained earlier the VIZAAD flow fields were used for data evaluation.
Some discussion will be made later on the importance of the calculation
technique on the conclusions.

With a given free stream and cone angle the transition location depends
on the nose radius. Using the free stream nose Reynolds number as a para-
meter the location of transition is ¢ 2monstrated in Figure 11. Data obtained

A
at both Mach 10 and Mach 12 appear to give the same relationship for SB/SB.
As the nose radius increases the location of transition moves back about a
factor of 6 in transition length, the trend then reverses steeply. The re-
versal takes place at the location where the swallowing distance crosses the
transition location, i.e. for SB/S$W of unity. The change in characteristics
as the transition location goes past the swallowing distance is sufficiently
great that it is convenient to label the two regions differently, namely
'""small bluntness' for the case where transition is behind the swallowing
distance and ''large bluntness' where transition is in front of the swallowing
distance., Figure 12 shows these same two regions in terms of the local
transition Reynolds number. Note that the increase in transition Reynolds
number from sharp cone to the maximum value is about a factor of 2 in

Reynolds number. The '""large bluntness'' characteristic has been extended
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to a decrease of over an order of magnitude in Reynolds number.

It has been suggested by Stetson and Rushton that a parameter for
measuring bluntness is the ratio of the transition location to the swaliowing
distance, Sg,. The data shown for both Mach 10 and 12 is demonstrated
in Figure 13 with the ratio of transition Reynolds number on the blunt cone
to that on the sharp cone is considered a function of the transition location
over the swallowing distance. The data does correiate for differing Mach
numbers and nose radii. However, this does not really represent any
particular improvement in correlation unless it proves to be unique for
different cone angles and different Mach numbers. There will later on
be a comparison between this data and that of Stetson and Rushton (9) at
Mach 5.5 for an 8° cone.

4.2 Methods of Calculation of Blunt Body Boundary Layers

Correlation of blunt body transition data is often made in terms of
local Reynolds number, Mach number etc. Even for a simple configuration
like a sphere cone the flow field calculation is quite complex since there
are two major problems,namely the calculation of an entropy layer due to
the blunt nose and the calculation (under varying edge conditions) of a
boundary layer within this entropy layer., Figure 22 shows a sketch of
the flow field which is typical of this configuration. For the inviscid
blunt body flow field the calculation of the different regions has been the
object of much theoretical work. The region in the vicinity of the nose

represents a difficult mathematical problem. The flow is subsonic and




the partial differential equation for the steady flow problem is elliptic.
The correct boundary conditions should be defined on a known closed
boundary. In practice, part of the boundary is not known, i.e. the shock
wave and the method of calculation of the shock layer knowing only one
boundary and the conditions along it(namely the body)has been the source
of many approximate methods. It has been shown that an exact solution is
obtained by considering the unsteady problem in which the shock wave
formation is part of the problem. If this is done the flow equation is
hyperbolic and the problem is well defined.

Amongst the direct approaches to the steady problem is a method of
relaxation developed by Gravalos (7). From this it is possible to calculate
the solution in the vicinity of the nose and using the method of character-
istics the solution in the supersonic region following the nose. The work
has been developed to the point where the flow field solution has been pro-
gramed on large digital computers,

Using this derived blunt body flow field the second problem that
arrives is that of calculating the boundary layer. Studerus and Dienna (2)
developed a program for the calculation of the boundary layer on a sphere
cone body using correlations for the boundary layer thickness developed
by Walker (8). A mass balance is used to find the stream line from the
edge of the boundary layer and its location as it crosses the shock wave,

This method denoted VIZAAD has been used in earlier calculations of

the blunt body transition data. The input to the calculations were the free




stream conditions and the pressure distribution on the cone. It is noted
that since the nozzle of the tunnel was not operated at the design flow con-
dition a residual gradient occurs and hence the pressure on the body is

an important input to the problem.

It is apparent that the accuracy of the above method is very dependent
on the estimation of boundary layer thickness. More recently a calculation
developed by Levine (3) and denoted NSBL (non-siinilar boundary layer)
calculates the boundary layer by integrating step by step from the nose
within a previously calculated blunt body flow field. The full boundary
layer equations are calculated and complete profiles of information are
available step by step along the cone. A comparison between the two above
techniques for two examples of flow in the GE tunnel is shown in Figures 14
and 15, The free strearr. Mach numbe; is approximately 10 (with a gradient
as observed earlier) and the sharp cone Mach number would be approxi-
matelv 9 at the end of the cone. Two examples, namely that of 1/2 inch
and | inch nose radius, are shown and are typical of the large bluntness.
The maximum discrepancy for the two calculations was about 5% in edge
Mach numbers. For the Reynolds number the non-similar boundary layer
predicted edge Reynolds number somewhat above those of the VIZAAD
calculation with the maximum difference being 15%.

For many of the transition experiments the beginning of transition

was behind the swallowing distance. The discrepancy between the cal-

culations is very much smaller for this region being typically 2% in M,
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and 5% in Reg. It is concluded that the choice of calculations when applied
to the data in Figures 11 and 13 does not influence the trends in the data
or the conclusions reached.

In Ref., 4 the author compared the NSBL calculation with experi-
mental profiles. There was generally excellent agreement between the
two. As an indication of the relative values obtained in this comparison

X =5,0 ft. Ry = 0.5"

N
Ewi/2 § e (entropy layer thickness)

M, = 6.7 from VIZAAD calculation
M. = 6.4 from NSBL calculation
M, = 6.8 + 0.3 from experimental profiles

From the little experimental information available it was concluded
that the VIZAAD calculation gave edge Mach numbers that agreed with the
experiment within the experimental scatter.

4,3 Recalculation of Blunt Cone Transition Data of Stetson and Rushton

(Ref. 9)

The transition data reported by Stetson and Rushton (9) includes an
important study of the influence of bluntness on transition. The free stream
Mach number was 5.5 and cone half angle was 8°. The author assumed,
as a basis of their calculations, a linear Mach numbd ¢ variation along the
cone. In Figure 16 is shown a comparison for a calculation of the swallowing
distance. The VIZAAD computed values correlate on a single curve,

Sgw = Sgw (RN + Reeon). The values used by Stetson and Rushton are

11
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somewhat more scattered but generally 30% larger.

The edge Mach number shows significant differences (Fig. 17). The
Reynolds numbers also will then be different., It was felt that for consis-
tency a recalculation of the data of Ref. 9 was needed before a comparison
was made with the data at higher free stream Mach numbers. A complete
flow field calculation was made for each blunt body experiment. The results
are listed in Table V.

In Figure 18 the transition location is shown to increase with in-
creasing bluntness with the maximum delay a factor of 4 over the sharp

cone value. However, using the new flow field calculation it is found that .

the transition Reynolds number also increases as the nose radius is in-
creased as shown in Figure 19 with the maximum increase in transition

Reynolds number approximately a factor of 2 over the sharp value. The

bluntness parameter used here is the ratio of transition location over the
swallowing distance. Similar to the results at higher Mach number it is
possible to divide the blunt transition results into two distinct regions
corresponding to '"small bluntness'' and ''large bluntness'' with the same
trends as at higher Mg (see Figs. 11 and 12). It is found that the cross-

[ over point for the two sets of data occurs when SB/SSW’VJ./Z. This is

also demonstrated in Figure 18 where it is seen that the computed
swallowir g location crosses the transition location before the transition
location reaches a maximum.

If the data of Stetson and Rushton is compared with that obtained

12
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in the GE shock tunnel it is found that the two regions, ''small bluntness"
and "large bluntness'', with the same characteristics, are both represented.

This is even more obvious if the edge Mach number is used as dependent

parameter, Figure 20 shows the three experimental blunt cone cases com-
pared to the sharp cone transition. A maximum transition Reynolds number
due to bluntness, which is about a factor of 2 above the sharp cone value, is
suggested. It is apparent that M, and Reg alone are insufficient to obtain
a correlation of blunt cone transition at high free stream Mach numbers.
A better approach would appear to be M, (sharp) and some bluntness para-
meter, \

From Figure 13 and 14 it is clear that the parameter S/Sg, does
not uniquely ¢ .scribe the movement of transition with bluntness. In
Figure 26 of Ref. 1 it was demonstrated that sharp cone transition occurs
in the outer edge of the boundary layer, presumably at the radial location
where the disturbance is sonic with respect to the inviscid flow. On the
forward portion of the blunt cone the boundary layer edge Mach number
and velocity are reduced by the entropy change produced by the blunt shock.
It is possible to introduce a location S,,. where the local edge is sonic
with respect to the outer edge of the entropy layer. It is convenient for
correlation purposes to define Scr as the location where M, = l\/?e - 1 (note

A
that for S M, =. 95 Me)' As long as SB> Scr there exists some point

sw’
in the boundary layer where the flow is sonic with respect to the flow

outside the entropy layer. This suggests that S/S_ . may determine the

13
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turning point for the two bluntness regions.

as the bluntness parameter.

Figure 21 shows the result of using SB/Scr

For small bluntness the transition data for the three studies fit a single cor-

relation within about + 20%. For a small region of the large bluntness SB/Scr

0.2 this is still true. For large bluntness some other factor presumably is
better suited. Of more importance is the fact that the maximum Reynolds
number point occurs at the same Sg/S.,. (Sg/S.. ™ ).

5. CONCLUSIONS

1. It has been demonstrated that it is possible to obtain transition results
on a sharp slender cone in one facility which demonstrate both a unit
Reynolds number sensitivity and a lack of same. In this instance
the only change in tunnel operation was an increase in throat size, and
hence a decrease in Mach number over the cone.

&, A reconsideration of the available sharp cone transition data suggests
that the strong Mach number influence on transition exists for M_> 8.
The unit Reynolds number influence is much smaller than the Mach
number influence in this region.

3. The little data available on the blunt cone transition at high free stream
Mach numbers is quite consistent. For a region of '""small bluntness',
SB > Scr' transition moves back and the transition Reynolds number
increases with increasing bluntness. For a region of ""large bluntness',
SB< S.ps this process is sharply reversed. A maximum transition

Reynolds number due to bluntness which is about a factor of two over

14




10.

sharp slender cone transition is postulated. The use of edge Mach
number to correlate transition seems ill-advised. The sharp cone
edge Mach number and the bluntness parameter SB/Scr better describe

the phenomena.
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TABLE 1

FREE STREAM CONDITIONS AT X =0 (Mg & 10)

S Yoo

COND Fg Ts M oo Jo S0 Foo Teoo Tpee
Ib/in® % 1b/ft> ft/sec 1b/in2 OK  Re/ft
x104 x102 x10°°
15 4500. 1298, .82 24.4 5516 11.95 72. 40. 5
16 1500. 1336, .50 9.01 5484 4,62 76. 14.0
17 500.  1342. 12 3.56 5447 1.95 82. 5.2
18 1000.  1063. . 64 8.28 4685 3.01 54, 16.4
19 3000.  2950. nis) 5.53 8632 7.67  206. 4.6
20 1000,  1297. .30 7.00 5371 3. 61 76. 10. 6

17




TABLE IT
SHARP RESULTS AT Mege = 10
(ft.) x10-6 x10-6
.84 10.0 8.8 5.2 4,4 .26 400 |
|
2.35 9.9 8.8 I 7 4.0 .26 140 '
(1.75)% (9.9) (8. 8) (1.8) (2. 1) (. 26) (140) |
]
8.0 10. 4 9.0 .52 4, 2 26 50
1.6 9.9 8.7 2.1 3,13 .33 160
4,5 9.9 8.7 .59 2.7 12 50
3.8 10.0 8.7 1.2 4.5 .26 100
*See Text
18
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TABLE Il
BLUNT RESULTS AT Mg = 10

Tw/ Tp=0. 26

RN No;Aninal Xg Sg Xew Xp/Xgw Mep Reg,  Reosy
(in) () (ft) (ft) x1070

.01 10 2.5 2.5l 0.05  50.0 8.6l 4.0 1.16x103
.02 10 3.0 301  0.15  20.0 8.55 4.8 2.32x10°
.05 10 3.6 3,61 0.84 4.3 8.51 5.8 5.8 x10°3
0.5 10 »12.0 »12.0 18.0 0.67 6.4 5.7 1.2 x10°
0.5 10 8.5 8.2  18.0 0.47 5.9 3.6 1.3 x10°
0.75 10 9.5 9.0  26.0 0.36 5.4 2.75 1.8 x10°
0.75 10 6.0 5.5 30,0 0.20 4.5 1.45 2.4 x10°
1.0 10 4.7 4.1 40.0 0.12 4.0 0.56 2.6 x10°

19




TABLE IV

BLUNT RESULTS AT Mg = 12

(Data from Ref, 1)

Ry Nom. Tw_ XB Sg Xew Xp/Xgw MeB ReSB Re.gN
Moe Tg
(in) (ft)  (ft) (£t) x10-6
0.1 12 .26 4.0 3.9  2.25 1.78 9.9 7.7 1.65.% 10"
0.1 12 .26 5.6 5.5 1.70 3.3 10. 1 6.8 1.0 x10
0.1 12 .26 7.5 1.4  1.25 6.0 10.2 5.6 6.2 x10
0.1 12 .21 4.4 4,3 1.85 2.4 9.9 6.0 1.3 x10
0.1 12 v2h @2 %1 1,40 5.1 10. 1 5.8 7.7 x10
0.172 12 .26 4.9 4,8 4,1 1.2 9.8 8.7 2.9 xloi
0.172 12 .26 6.5 6.4 3.0 2.2 10. 1 7.3 1.7 x10
0.172 12 .26 8.0 1.9 2.4 3.3 10,2 5.6  1.05x 107
i 0.172 12 .21 5.7 5.6 3.5 1.6 9.9 7.1 2.2 x10%
; 0.172 12 .21 9.7 9.6 2.65 3.6 10. 2 7.2 1.3 x10%
0.3 12 .26 8.3 8,1 1.5 1.1 9.6 10.1 5.0 x 10%
0.3 12 .26 9.5 9.2 5.7 1.7 10.2 8.7 3.0 xlot
0.5 12 .26%12  S12 12 51.0 >8.6 $10.0 8.2 x10%
,'
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STETSON & RUSHTON BLUNT CONE DATA RECOMPUTED BY VIZAAD

TABLE V

o

Mg = 5.5 3. =8
Ry Sp Saw M, Reg Re e
=6 -4
(ft) (ft) (£t) x10 x10
. 00260 .87 .30 4,83 3.13 0.70
. 00260 .83 . 31 4,83 3. 00 0. 70
. 00520 .89 .73 4,76 2.85 1.30
.00520  1.04 .76 4,80 3.69 1.40
.00520 1,00 .73 4,80 3.05 1.20
.00781  1.17 1.30 4,65 3. 64 2.03
.00781 1,67 1.19 4,81 3, 37 1.25
.00781 1.2l 1.35 4, 66 4,04 2.19
.00781  1.04 1.38 4,58 3.88 2.58
.01041 1,51 1.95 4,60 4,61 2.81
.01041 1,25 2.23 4,44 5. 37 4, 37
.01041  1.42 2.11 4,54 5. 34 3. 54
.01302 1,37 2.98 4,30 5. 35 5.47
.01302 1,33 3.47 4,07 6.76 8. 20
.01302  1.50 2.97 4,38 6.12 5. 34
.01562 1,67 3.67 4,18 6. 71 7.19
.01562 1,33 4,45 3. 78 5. 34 9.84
.01562 1,67 4.17 4,18 6.90 7. 34
.01822  1.46 5.42 3,53 5.15 11,48
.02083  1.54 6.42 3,46 4,24 12.50
.02083 1,58 6. 50 3.56 4.63 11,50
.04167  1.42 16. 30 2. 84 2.56 26. 30
.04167  1.54 16.80 2.87 2.83 25,40
. 04167 .46 20. 20 2,71 1.29 50. 00
. 04167 .23 22. 30 2, 66 1.04 75. 80
. 04167 .25 21.30 2,67 1.03 70. 00
. 12500 .19 67.10 2, 68 1.14 73. 80
. 12500 .58 70.40 2. 60 1.01 87.50
. 12500 .46 73.70 2,58 1.18 121, 30
21
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Figure 2. Typical pressure distribution along cone, M =10, RNy =0
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Figure 10. Transition on sharp cone as a function of local Mach number
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