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FOREWORD 

This report covers a limited investigation of self-induced pressures on cones 

in hypersonic flow. The investigation was an in-house study performed within the 

Hypersonic Research Laboratory of the Aeronautical Research Laboratories, Office 

of Aerospace Research, United States Air Force. The work was limited in order to 

complete the report prior to the author's departure from the Laboratory and 

release from the U.S.A.F. and was performed under Task 7064-01. 

The author wishes to acknowledge Col. Andrew Boreske, Jr., Hypersonic 

Research Laboratory Chief, for making available the funds and facility utilized for 

this investigation and to Capt. Walter W. Wells also of the Hypersonic Research 

Laboratory for his assistance with some numerical analyses performed during the 

study. 

ii 



ABSTRACT 

Experimental resulta were obtained on veak-interaction, self-induced 

pressures on cones at nominal Mach 11 in air using the ARL 3-inch continuous 

flow hypersonic wind tunnel. The results at zero angle of attack were compared 

with ?ro'''stein,s first-order weak-interaction theory and with Talbot’s numerical 

method for predicting self-induced pressures. Theory agreed well with the 

experimental data for 5-degree and 10-degree semivertex angle cones, but over¬ 

estimated the experimental induced pressures for 15-degree and 20-degree cones. 

The results were correlated reasonably well by the hypersonic viscous-inter¬ 

action parameter and the hypersonic similarity parameter. The experimental 

results obtained for the 10-, 15-, and 20-degree cones at angles of attack from 

-15 to 15 degrees compared favorably with Newtonian theory for angles of attack 

greater than 3 degrees. For values less than 3 degrees, Newtonian theory did 

not agree with the experimental results. 
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INTRODUCTION 

Within the general field of aerodynamics, the past decade has witnessed a 

considerable concentration of study and experimental research on the high-speed 

regime known as hypersonic flow. This regime encompasses such high-speed 

characteristics as large temperature gradients through shock waves and boundary 

layers, closeness of shock waves to body surfaces, and the considerable influence 

of boundary layers on the external inviscid flow. The subject of this report is 

a study of only one of the many phenomena that are characteristic of hypersonic 

flow, namely, the effect of self-induced (or boundary layer induced) interactions 

on surface pressure. 

SELF-INDUCED PRESSURES 

Cones are the object of study for this report, and the analytical model of 

the flow over a cone is shown in Figure 1. Due to the large temperature differ¬ 

ence across a hypersonic boundary layer, the displacement thickness becomes 

relatively large, and in this case the displacement thickness adds to the cone 

surface such that the effective shape is an ogive. The angular direction of the 

inviscid flow at the edge of the boundary layer is the sum of the cone angle, 0C , 

and the angle, , defined by the slope of the displacement thickness distribution, 

Oj, - /a/1 . This outward displacement of the inviscid flow causes a 

higher pressure on the cone surface than would be predicted by the exact Taylor- 

Maecoll cone theory, and .also causes a pressure gradient along the cone surface. 

These pressures, hereafter called self-induced pressures, also in turn effect 

the rate of growth of the boundary layer, and this dependence of the boundary 

layer growth on the self-induced pressures (which are not known in advance) 

constitutes the fundamental analytical, problem for predicting pressures influenced 

by self-induced interactions. For a more detailed description of this problem 
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mâ tor m excellent discussion of viscous interactions in general, the reader 

should consult Reference 1. 

•The formulation of theory and analysis for the accurate prediction of 

sélf-induced pressures is a necessary prerequisite to *the analysis of heat 

transfer results in hypersonic flow. In addition, the self-induced pressures 

must be taken into consideration for the prediction of aerodynamic forces and 

moments. 

REVIEW OF SOME EXISTING THEORIES 

At the present time, two methods of analysis are foremost in the prediction 

of self-induced pressures on cones in the weak Interaction region« One method is 

based on theory formulated by Probstein (Ref 2) for the interacting flow over a 

cone, assuming a laminar boundary layer. This assumption is generally good for 

hypersonic flow over slender bodies. Essentially, Probstein set forth an analytic 

representation of the external inviscid flow by expressing the self-induced 

pressure as a Taylor Series in powers of 
c/x After suitable treatment of this 

expression, Probstein achieved a compact, analytical form for the self-induced 

pressure as a function only of the hypersonic interaction parameter, 

aad the hypersonic similarity parameter, rf~ Mt<, • A more detailed discussion 

of Probstein's theory is given in Appendix A. 

Another method for predicting self-induced pressures on a cone was advanced 

by Talbot et al (Ref 3) (Hereafter, this method will be referred to as Talbot's 

method for brevity.) Essentially, the nature of Talbot's method Is numerical- 

graphical, and the tangent cone method is employed to calculate the pressure at the 

edge of the boundary layer. The Interdependence between induced pressure and 

boundary layer thickness is accounted for by a clever operation with the graphs. 

A more detailed discussion of Talbot's method Is given in Appendix B» 



Some experimental results on cone pressures at moderate angles of attack are 

also presented in this report, and Newtonian theory is used for a comparison. 

Even though Newtonian theory is not based on the viscous Interaction principle, 

it is generally acknowledged to be useful for predicting pressure coefficients 

at hypersonic speeds, with increasing accuracy for high Mach numbers. Newtonian 

impact theory is postulated on the basis that a fluid on impact with a surface 

loses all its normal momentum, but none of its tangential momentum. The results 

show that the pressure coefficient can be expressed 

Cp = ¿ Sin*<¿> 
where <f) is the angle between a tangent to the surface and the free-stream 
velocity vector. In many cases, observers have found that Newtonian theory 

compares well with empirical results when the coefficient is modified for con¬ 

ditions behind a normal shock. Modified Newtonian theory can be expressed 

Cp — Cfmarc 3in 0 
where Ço^is the pressure coefficient based on the stagnation pressure behind 

a non;,-:-.1 shock. A thorough and interesting treatment of Newtonian theory for 

bodies of revolution can be found in Ref 4. 

REVIEW OF SOME PREVIOUS EXPERIMENTAL RESULTS 

A reasonable amount of data concerning pressure measurements on cones in 

high-speed flow is available, but in general, the data was obtained either at 

relatively low Mach number (compared to hypersonic) and/or at high Reynolds 

number. Under these conditions, the self-induced pressure effect is slight (often 

negligible), and the general conclusion was that cone pressures could best be 

predicted by inviscid exact cone theory. Representative data obtained under these 

conditions are reported in Refs 5 through 8. 

However, some experimental results on cone pressures have been obtained under 

flow conditions where the induced pressure effect was sizable. Sane early data 

was reported by Baldwin (Ref 3) at Mach 5»8 and over a range of 0*1 <T 3C 1.6, 
c 
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(The hypersonic interaction parameter, Xc > provides a good indication of the 

strength of viscous interactions, with higher values indicating stronger self- 

induced pressures. The weak-interaction region is characterized by values of Xc<5.) 

Baldwin found that his cone pressures were above the predicted values based on 

Probstein’s first-order weak-interaction theory, but he also noted that some of the 

results might have been effected by the relative cone-tip bluntness. 

Also, Erickson (Ref 10) observed cone pressures from Mach 16 to 18 in helium 

flow, and over the range 0.35 < ^. < 1.5. Obtaining his results in the small 

scale NASA helium tunnel (nozzle exit diameter approximately one inch), Erickson 

found that his pressures were considerably below the values predicted by second- 

order weak-interaction theory. Also, he noted the trend that, for given free-stream 

conditions, the self-induced pressure effect decreased as cone angle increased. 

Another study of self-induced pressures on cones was made by Talbot, Kbga, 

find Sherman (Ref 3). Pressures were measured on a 3-degree semivertex angle cone 

over the range'3.7 < ^ < 5.8 and 0.5 < Xc< 2.3. In addition, this study also 

formulated the numerical-graphical method mentioned earlier for predicting self- 

induced pressures. Talbot’s results indicated that the data could be correlated 

reasonably well by Xt. Also, his results fell considerably below Probstein's 

second-order theory, somewhat below Probstein's first-order theory, but very close 

to the values predicted by Ms numerical-graphical method. The results of Talbot 

et al were obtained under favorable flow conditions for induced pressures, and the 

study gave some clear indications of the trends of empirical data relative to 

theoretical values. 

CONTENT OF THE PRESENT STUDY 

The purpose of the results presented in this report is to extend the range 

of empirical data on self-induced pressures, and to provide a comparison with 

existing theories in order to establish ranges of applicability. The experimental 

4 



results fall into two categories. The enrohasis is placed on cone pressures at 

zero angle of attack, and results are given for cones with semivertex angles of 

5, 10, 15, and 20 degrees over a range of 10.72^*1^10.95 and O.69 4 4. 5,5. 

In the second category are pressure coefficients on 10-, 15-, and 20-degree cones 

through an angle of attack range of +15 degrees to -15 degrees. The empirical 

results at zero angle of attack are compared with Probstein's first-order theory 

and Talbot's method for predicting self-induced pressures; the empirical results 

at angle of attack are compared with Newtonian impact and modified theories. 

APPARATUS 

The following is a brief discussion of the primary apparatus used to conduct 

the experiments and record the data. 

ARL 3-INCH HYPERSONIC WIND TUNNEL 

The outside configuration of the wind tunnel can be seen in Figure 2. It is 

an axlsymmetric, continuous flow, open jet facility, using heated air as the 

working fluid. Air can be supplied to the stagnation chamber at any pressure 

between Q-3000 psi and is exhausted into a vacuum sphere which is normally 

maintained at 0.1 psia during operation of the tunnel. The air is heated electri¬ 

cally to approximately 2250 R, and the Mach number range is from 8 to better than 14. 

The nozzles are conical and have 3-iuch exit diameters. The useful hypersonic core 

is slightly above one inch in diameter and the Mach number gradient along the 

tunnel center-line is approximately 0.40 per inch at Mach 11. 

CONE MODELS 

Figure 3 shows the 5*and 10-degree cone wind tunnel models, and Figure 4 shows 

the 1,)- and ¿0—degree cone .models* Each model is made from 303 stainless steal 

and has a 3/8-inch base diameter with the exception of the 10-degree cone which 

has a base diameter of 1/2 inch. Each model has three 0.047-inch orifices in the 
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conical section except the 20-degree cone which has two orifices. In addition, 

one orifice is placed on the cylindrical portion and one in the base for each 

model. Chromel-Alumel thermocouples are also installed to measure surface 

temperature, one on the conical section and one on the cylindrical section of 

each model. The angle of attack of the models is controlled from outside the 

tunnel by a mechanical pitching mechanism. A close-up of the 5-degree cone 

model mounted in the test section is shown in Figure 5. 

INSTRUMENTATION 

The model surface pressures are measured by a multiple tube manometer 

inclined at 30 degrees from the horizontal and using 10-centistoke Dow Corning "200" 

silicone oil. Reference pressure for the manometer is maintained at approximately 

O.OO5 mm Hg by a vacuum pump and measured by a McLeod gage. The manometer layout 

is shown in Figure 6. 

Surface temperature on the models is measured by chromel-alumel thermocouples 

which are connected to a multiple channel, self-balancing, recording potentiometer. 

The following is a table of reading accuracies for the primary instruments 

used throughout the experiments. 

TABLE I 

Instrument 
Range of measurement 
during the experiments 

Reading 
accuracy 

Manometer inclined at 
30° from horizontal 

11 to 206 mm Si 
(inclined at 30°) 

ÍO.5 mm Si 0 
(inclined at 30 ) 

Tunnel stagnation 
pressure gage 250 to 500 psia .il psi 

Tunnel stagnation 
temperature recorder 520 - 2210°R i 2.5o 

Model pitching 
mechanism -15° to 15° 

0 
ÍO.I 

Model temperature 
recorder 1170 to 1425°R 12.5° 



TEST PROCEDURE AND RESULTS 

All experiments were conducted in the ARL 3-inch Hypersonic Wind Tunnel 

through a range of 10.72 ^ 10.95. This slight variation in Mach number 

was due to Reynolds number effect in a fixed geometry nozzle for different 

, stagnation conditions. The test section free stream was calibrated in detail for 

variation of Mach number, static temperature, and static pressure, and flow 

angularity was measured within the locale of the cone models. This flow angularity 

was used to determine the effective angle of attack for the cones. 

Four cone models were utilized for studying the self-induced pressure effect. 

Surface pressures were measured on a 5-degree semivertex angle cone at zero angle 

of attack at Mach 10.72 and Re^ = 1.88 x 10^ per foot. The results are shown 

in Figures 7 and 17. Figure 7 shows the induced pressure increment, £ "^c 
pc 

plotted against distance along the cone surface from the vertex. Note that p is 

the measured pressure and pc is the exact inviscid cone pressure obtained from 

Ref 11. Figure 17 shows the induced pressure increment correlated against the 

hypersonic interaction parameter, Xc • 
Also, surface pressures were measured on 10-degree, 15-degree, and 20-degree 

semivertex angle cones at zero angle of attack at three different Mach and 

Reynolds number combinations: 10.72, Re^ 1.88 x 105j M^= 10.86, 

Re^= 2.86 x 105j M^- 10.95, Re/ 3.5Ö x 105. 

ihtr results are shown in Figures 8 through l6 where the induced pressure 

increment is plotted against distance along the cone, and in Figures 18 through 20 

where ii—is correlated against X,. 
pc c 

, ^ should be noted that no attempts were made to insulate the cones, and 

therefore, nonadiabatic conditions existed on all the cones employed during the 

experiments. 
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In addition, pressures were measured on the 10-degree, 15-degree, and 

20-degree semivertex angle cones pitched through a moderate angle of attack range 

from -15 degrees to +15 degrees at the same three Mach and Reynolds number 

combinations. The pressures were measured along a ray in the plane of symmetry 

of the flow. The results are shown in Figures 21 through 29 where the pressure 

coefficients are plotted against angle of attack. 

DATA REDUCTION METHODS 

The flow in the test section of the ARi 3“inch tunnel is conical with a 

positive longitudinal Mach number gradient. Therefore, the question naturally 

occurs about what methods are available for reducing data obtained in the conical 

field such that they will correlate with similar data obtained in a uniform flow 

field. This problem is discussed as a secondary topic in Ref 12. 

In the case of the empirical data presented in this paper, two methods of 

data reduction were used. The first method was to form the ratio of the measured 

pressure to the local free-stream static pressure (the static pressure at a point 

in the free stream where the model pressure orifice is located). This method has 

been the one most commonly used by investigators faced with the conical field 

problem. The second method is one recently proposed in Ref 12 and will hereafter 

be called the Baradell-Bertram method. This method suggests a correction to the 

conical field data so that the results can be adjusted to a uniform field. The 

Baradell-Bertram method is discussed in Appendix C, and data points reduced by 

the method are shown in Figure 7. All subsequent figures show data reduced by 

the former method only, 

rf 

ACCURACY OF THE RESULTS 

for the model surface pressure measurements, the maximum percentage reading 

error, which occurred at the lowest measured pressure, was 14.5 per cent. However 
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the mean percentage reading error considering all the model surface pressure 

measurements vas il per cent. The reading errors from all other types of measure¬ 

ments were less than one percent, and the free stream properties obtained from the 

calibration were known within one per cent. 

In calculating the induced pressure increment from the measured pressure, 

the computation produced about 5“per cent error in the induced pressure increment 

for a 1-per cent error in measured pressure. Therefore, the approximate mean 

error in the experimental values for induced pressure increments was Í5 per cent. 

Slide rule accuracy was maintained throughout the computation of the 

theoretical values. Numerical tables were used from Ref 11, and a chart to 

determine inviscid cone surface Mach number was employed from Ref 13. 

As an additional factor governing the over-all accuracy of the model surface 

pressure measurements, consideration should be given to the situation where the 

ends of the pressure leads at the model surface experience a high tençerature 

while the ends at the manometer are at room temperature. The resulting temperature 

gradient produces a pressure gradient in the line, the magnitude of which strongly 

depends on the ratio of the mean free path at the model surface to orifice 

diameter. A discussion by Nagamatsu of this effect can be found in Ref 14. 

According to Ref 14, temperature conditions similar to those encountered during 

the experiments reported herein could cause, in some cases, as much as a 6-per cent 

error in the pressure measurements. This is a most interesting consideration, 

and an experimental program has been planned by the Air Force's Aeronautical 

Research Laboratories to determine just how great this effect is for pressure 

measurements made in the ARL 3-Inch Hypersonic Wind Tunnel. The data included 

in this report are not modified to take the temperature gradient into account. 

However, the possibility that such an effect could influence the pressure measure¬ 

ments is mentioned for consideration by the reader. 
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DISCUSSION 

The following discussion will be divided into two sections: (l) results at 

zero angle of attack, and (2) results at moderate angles of attack. 

ZERO ANGLE OF ATTACK 

Figure 7 is a plot of induced pressure increment versus distance along the 

5-degree cone at Mach 10.72. Two points, one for each of the two different 

methods of data réduction (see section on data reduction methods), are shown for 

each experimental pressure measurement • There is a wide difference between the 

points reduced by the two methods, and the data indicate that those points obtained 

by using local static pressure seem more reasonable than those obtained according 

to the method of Baradell and Bertram for the experimental conditions encountered 

in this paper. In addition to the experimental points, three analytical curves are 

shown for comparison with the empirical results. The curve obtained from Talbot's 

method closely agrees with the experimental points, while Probstein's first-order 

theory for the nonadiabatic case is about 10 per cent above the experimental 

results. This trend was also noted in Ref 3« The third curve represents Probstein's 

# 

first-order theory for an insulated cone, and is considerably above the experimental 

data. This illustrates the strong effect that surface cooling has toward decreasing 

the induced pressures as compared to an Insulated cone. 

Figures 8, 9, and 10 show results with the 10-degree cone at three different 

free stream conditions. For the 10-degree cone, Talbot's method and Probstein's 

first-order nonadiabatic theory practically coincide with each other, and both 

agree very well with the experimental results. 

Figures 11 through l6 show results with the 15-degree and 20-degree cones 

for different free stream conditions. An interesting trend indicated here is that 

Probstein's nonadiabatic theory falls below Talbot's method, and gives closer 
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agreement to the experimental results. For these cones, all three theoretical 

curves overestimate the experimental data. 

Figures 17 through 20 show the experimental and theoretical values of 

induced pressure increment correlated by the hypersonic interaction parameter, 

and the hypersonic similarity parameter, A . Probstein's first-order 

theory is, of course, linear in Xc , and the points obtained from Talbot's 

method so closely approximate a linear relationship with Xcthat a mean straight 

line can ea8lly De •rawn through these points. In general, the experimental data 

indicate an approximate linear relationship with X . 
C» 

In summary, the experimental results from the cones at zero angle of attack, 

when compared with theory, indicate that Talbot's method best predicts pressures 

on the 5-degree cone, both Talbot's method and Probstein's first-order nonadiabatic 

theory are equally good for the 10-degree cone, and that Probstein's nonadiabatic 

theory best predicts pressures on the 15-degree and 20-degree cones. As far as 

actual numerical agreement is concerned, theory predicts the experimental 

pressures with reasonable accuracy for the 5-degree and 10-degree cones, but is 

12 to 28 per cent above the experimental results for the 15-degree and 20-degree 

cones. As would be expected, the self-induced pressure effect is generally more 

predominate for the smaller-angle cones than for the larger-angle cones. Also, 

the results indicate that induced pressures on a cone can be correlated reasonably 

well by Xc, thus substantiating the experimental trend noted by Talbot et al 
(Ref 3). Within the range of * and Xc achieved during the cone investigation, 

the numerical points computed from Talbot's method indicate that the induced 
ft 

pressure increment is a function only of A and Xc (See Figures 18 through 21.). 
Therefore, under these A and Xt conditions, the amount of computation involved 

with using Talbot's method may be considerably reduced due to its linear 

properties. 
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MODERATE ANGLES OF ATTACK 

Figures 21 through 29 are plots of pressure coefficient on the 10-degree, 

15-degree, and 20-degree cones versus angle of attack for various free-stream 

conditions. The maximum angle of attack range is from -15 to 15 degrees. In all 

cases, the experimental results are compared with Newtonian impact and modified 

Newtonian theories. 

ibs conclusion from the data is that Newtonian impact theory predicts the 

experimental pressures on the 10-, 15-, and 20-degree cones quite well within the 

angle of attack range of 3°- << - 15°. However, at angles of attack less than 

3 degrees, Newtonian impact theory does not accurately predict the results. An 

extrapolation of both the experimental and theoretical curves to higher angles 

of attack seems to indicate that, in this range, modified Newtonian theory is 

more accurate than Newtonian impact theory. 

Figures 21 through 29 also.indicate a variation of pressure coefficient along 

the surface of the cones, thus illustrating the self-induced pressure effect. If 

the measured difference between induced pressure and inviscid pressure (both at 

o< » o) is subtracted from the cone pressures at small angles of attack, the 

results at small oC closely approach Newtonian theory. Therefore, the disagree¬ 

ment between experiment and Newtonian theory can be attributed in part to the 

induced pressure effect. 

CONCLUSIONS 

The results presented in this report are summarised as follows: 

(1) With the cones at zero angle of attack, the experimental results indicate 

that for the free-stream conditions reported herein, Talbot's method best predicts 

self-induced pressures on the 5-degree cone, both Talbot's method and Frobstein's 

first-order nonadiabatlc theory are equally good for the 10-degree cone and that 

Frobstein's nonadiabatlc theory best predicts self-induced pressures on the 

15-degree and 20-degree cones. 



2. Also at zero angle of attack, the results Indicate that the self-induced 

pressures on cones can be correlated reasonably well by the hypersonic inter¬ 

action parameter, Xc , for constant values of the hypersonic similarity 

parameter, k • These results substantiate the experimental trend noted by 

Talbot (Ref 3). 

3. For cones at moderate angle of attack, the results indicate that 

Newtonian impact theory predicts the pressure coefficient on 10°, 15°, and 

20° cones quite well in the range of 3°^°< ^ 15°, but was not accurate for 

angles of attack less than 3 degrees. 

13 
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APPENDIX A 

FROHSTEIN'S THEORY FOR PREDICTING SEIF-INDUCED 
PRESSURES ON CONES 

In Ref 2, Probstein has developed an analytical expression for the 

self-induced pressures in terms of known free-stream conditions and cone angle. 

Beginning with a concept of the hypersonic flow over a cone as shown in Figure 1, 

he developed this expression assuming a laminar boundary layer in the weak- 

interaction field by writing the self-induced pressure as a Taylor series 

çM*. 

c/ ( 

expansion in powers of 

? n r = /+Í)t c/O fk- 
After a series of steps, the above expression leads to the final result as 

follows : 

where, 

Z 
ß. 

/ + F,(k)Z r + ça) Z; r■ 
Fj (k) and F2 (k) are functions only of k 

4 — ©c Aio 

or 

¿4 

Ur oo 

x; = 

O. Ÿ& & / 7Z 

. 

O. S'SC (<f-0 insulated 

3 

+ ojk(v-0 ln™ted 

cx 
The above expression for self-induced pressure also assumes a linear 

viscosity-temperature relationship, and a Prandtl number of 0,725. The inclusion 

of only the Xcterm constitutes the first-order theory, and the inclusion of 
"Te»"- 

both the Xc ^‘i Ac iems constitutes the second-order theory. First-order 

theory agreed more favorably with the current experimental results than did 

second-order theory {a trend also noted by Talbot in Ref. 3) and only Probstein's 

first order theory is included with the figures showing the results of the 

current study. 
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APPENDIX B 

TALBOT’S NUMERICAL-GRAPHICAL METHOD FOR CALCULATING 
SELF-INDUCED PRESSURES ON CONE SURFACE 

In Ref 3, Talbot et al present a method for predicting self-induced 

pressures by applying the tangent-cone method to an effective body formed by 

adding the boundary layer displacement thickness to the geometric cone. At the 

same time, the Interaction effect, i.e., the interdependence of the boundary 

layer thickness and self-induced pressure, is taken into consideration. 

Essentially, the method consists of three distinct steps as follows: 

(1) Plots are made of Mg, Pg/p^ , Tg/T^ and Reg as functions of various 

assumed values of effective cone angle, B¿ . The subscript, 2, denotes inviscid 

quantities at the outer edge of the boundary layer. These inviscid results are 

obtained from the Kopal Tables (Ref 11). 

(2) Since 0¿ - ©c + 6j, the next step is to calculate the slope of the 

boundary layer for each value of assumed . The boundary layer equation used 

by Talbot is: 

Tjtj £ 

where 
T« 'w 

T, 

and Õ - Prandtl number. 

Using the small angle approximation, we have 

£ — Ton —j— 
a of X 

The results are plotted as shown below. 

0, % 
&¿ = constant 



(3) Th« final «t«p li alaply a croa»-plot of Inforaation obtained ia 

•top (2). The eroM-plot li ehom below: 

Prom the above plot, the effective body slope, 7 can be found as a 

function of x for a given cone model of angle Oc. The tangent-cone method is 

then applied to the effective body, and with the use of Ref 11, the induced 

pressures are determined for the cone of angle 0C. 



APPENDIX C 

BARADEH-BERTRAM METHOD OF ADJUSTING PRESSURES 
MEASURED IN A CONICAL FLOW FIELD 

In Ref 12, Baradell and Bertram have discussed the general problem of 

adjusting pressure data originally obtained in a conical flow field to correlate 

similar data obtained in a uniform flow field* They have presented a 

relation which involves the subtraction of the pressure increment induced by the 

nozzle pressure gradient from the conical flow pressure distribution. In 

particular, the relation is 

uniform 
flow 

conical 
flow 

conical 
flow 

p : measured pressure 

P oO * static pressure in a uniform-flow nozzle 

Pn » static pressure Just ahead of the model nose in a conical-flow nozzle 

Pe = local free-stream static pressure in conical-flow nozzle 
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