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FOREWORD
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is Project Engineer.

This project was carried out in cooperation with Mr.
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ABSTRACT

The drag of a number of bodies having some resemblence
to aerodynamic deceleration devices was measured in free
stream and in the wake of an ogival cylinder. The diameter
ratio of the wake producing body and the deceleration devices
as well as the distance between the two bodies was varied.

With the exception of the sphere, the drag of the decel-
eraton, evlc located in the wake is less than its free
stream drag.

PUBLICATION REVIEW
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SECTION I

INTRODUCTION

Intuitively it can be assumed that in general the drag
of an object, called secondary body, located in the wake of
another object, called primary or forebody, will be less than
the drag of the same object in undisturbed flow. This pheno-
menon is important for problems of aerodynamic deceleration,
and it is the objective of this study to establish experimentally
the ratio between the free stream and the wake drag of a number
of bodies as a function of their location, with the diameter
ratio between primary and secondary body as parameter.

The pressure distribution in the wake of the primary
body has been measured and is presented in Fig 5. This problem
has been treated more extensively in Refs 1 and 2.

Manuscript released by the authors in October 1961 for

publication as an ASD Technical Report.
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SECTION II

MODELS AND TEST ARRANGEMENT

The forebody used in this study is a cylinder with a
2.5 caliber tangent ogival nose and blunt tail. The overall
fineness ratio of this body is 4.5 (Fig 1).

The related secondary bodies are a hollow hemisphere,
a sphere, a flat plate, a 45 cone , a 300 cone, and a truncated
45 cone (Fig 2). The diameter of the projected area of all
secondary models was five inches.

The drag relationships were investigated for diameter
ratios of the primary to secondary bodies of 1:1, 1:2, and
1:3, respectively. Since several different secondary bodies
but only one primary body were involved, three primary bodies
having diameters of D = 1.67, 2.5, and 5 inches were fabricated
and used to obtain the desired diameter ratios.

This procedure had the advantage that in the course
of the experiments the drag to be measured for each individual
secondary body varied over a relatively small range.

The general test arrangement is shown in Fig 3. The
supporting strut of the secondary body contains a strain gage
force sensing element shown in Fig 4. This element in connec-
tion with an oscillograph was used to record the drag of the
secondary body. The strain gage drag recording was chosen
because the available mechanical balance was unsatisfactory
when the models had a tendency to vibrate; this was particularly
noticeable when aerodynamically unstable objects were suspended.

The free stream drag of the secondary bodies was mea-
sured in the same manner except that the forebody was removed.
The drag coefficient of the secondary body was in all cases
related to its projected area and the dynamic pressure of the
undisturbed flow.

The wind tunnel used for these experiments was a
horizontal, return flow type with test section dimensions of
38 x 54 inches. The Reynolds number of the experiments
related to the diameter of the secondary body was approxi-
mately 5.2 x 105 at a Mach number of 0.2.

In order to eliminate the influence of the sting
mount and supporting strut, so-called tare and interference
measurements were made (Ref 3), and the values shown in
Figs 6 through 11 are corrected for these effects and repre-
sent aerodynamic data related to the objects in free flight.
The drag coefficient of the ogive cylinder was determined by
measuring the change of momentum of the undisturbed flow
(Ref 5).
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SECTION III

RE SULTS

The results of the measurements are shown in Figs 6
through 11 and in Table I. In general, it can be seen that the
drag of the secondary body increases with both distance behind
the forebody and decreasing forebody diameter. The drag in
the wake also approaches the free stream drag at certain dis-
tances downstream from the forebody. An exception to this
rule can only be found in the configuration where a sphere is
used a. secondary body, and this case will be discussed
separutuly.

Figure 5 shows the pressure distribution in the wake
of the ogive cylinder. It is known that the analysis of the
turbulent wake poses certain difficulties and all solutions
related to this problem include an emperical factor which is
in someway related to Prandtl's "mixing length." Placing now
a secondary body in the wake alters, of course, the pressure
distribution in the wake ahead of and behind the secondary
body, and one obtains a wake problem which is much more complex.

The drag coefficient of the secondary body located at
any distance behind the forebody could be determined by
measuring the loss of momentum of the flow caused by the
secondary body. Unfortunately, an experimental survey of the
wake of a combination of bodies is not available at this time,
and for an analytical treatment of a wake of this type such a
survey may be necessary.

In view of the complexity of the problem of the drag
of a body immersed in the turbulent wake of a forebody, it
appears that the length to diameter ratio of the secondary
body and the eventual existance of a strong variation of its
drag coefficient with Reynolds number are significant character-
istics in the arrangement of the experimental restIutf.. 2hec'-
fore, the discussion of the results may begin with the review
of the measurements of the secondary bodies with minimum length,
namely, the flab circular plate and the truncated cone (Figs
6 and 7).

The results of the measurements on the flat plate and
the truncated cone show results with tendencies one intuitively
would expect.

The next group, the 450 and 300 cones, are characterized
by a length of 0.5 to 0.866 base diameters. These bodies are
not as blunt as the preceding two, and in fact the 300 cone
may already be considered as somewhat streamlined. Therefore,
the wake which they produce as well as their influence upon
the wake profile between the primary and secondary body will

5
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be considerably different than the effects developed by the
blunter bodies.

Reviewing Figs 8 and 9 one observes that the shorter
cone has drag characteristics somewhat similar to the preceding
two bodies while the longer cone deviates from the relatively
simple pattern of its predecessors.

The 300 cone has been measured three times and the
experimental results may be considered as reasonably accurate.
The quantitative analysis of these data will be subject to a
separate Investigation.

The results of the measurements encompassing the
hollow hemisphere are shown in Fig 10. This body develops
a strong individual wake and causes a noticeable pressure
rise upstream of its frontal area. Otherwise the hollow
hemisphere is a body with a length to diameter ratio of 0.5
as is the 450 cone , and its drag characteristic is somewhat
similar to that of the 450 cone except that the drag of the
hemisphere in the wake is generally higher. A very particular
effect can also be observed for the hemisphere having a dia-
meter ratio of 2. The elevated drag level and the inconsis-
tency in regard to the relative sizes can probably be attri-
buted to the interaction of the two wakes and the effect of
the upstream stagnation of the hollow hemisphere.

The drag of the sphere as secondary body is presented
in Fig 11. It can be seen that its free stream drag is always
smaller than the drag in the wake. The free stream drag
coefficient of the sphere was measured to be CD = 0.105 at
a Reynolds number of 5.2 x l05 which would indicate that the
flow around the sphere was supercritical. However, when this
sphere is placed in the wake, the local velocity, and thus
the local Reynolds number are considerably reduced and the
flow may become subcritical.

Considering the velocity conditions in the wake, a
probable drag ratio CD/CD, versus L/D for the sphere was
obtained in the following manner. By Esing the velocity on
the centerline in the wake of the primary body as shown in
Fig 5 and assuming this to be the velocity the sphere exper-
iences at that particular point in the wake, a Reynolds number
was calculated for each position. Then, from a CD versus Re
relationship for a moving sphere in resting air, as shown in
Ref 4, a drag ratio CD/CD  was calculated for each point.
This method also yielued Trag ratios higher than unity as
illustrated in Fig 11. Therefore, the fact that in this model
configuration, CD/CD. is greater than unity appears to be
explainable as a Reynolds number dependency.

The measurements encompassing the sphere were very
difficult to perform; in particular, the repeatability was
not good. This is probably a consequence of the very sensitive

8
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nature of the flow pattern of a sphere near its critical
Reynolds number. Since it was felt that a detailed and special
study of this Reynolds number effect would be required, event-
ually in connection with a wake survey of a combination of
bodies, further measurements involving a sphere were abandoned.

In most experiments discussed above and especially in
the tests involving the blunt bodies, such as the flat plate
and the hollow hemisphere, considerable vibration of the
secondary body was encountered. This made the drag measure-
ments rather difficult. From the dispersion of the recorded
data a possible error in the order of + 3 per cent may be
expected in the presented results. The magnitude of the data,
however, is considered reliable, particularly, the tendencies
of decreasing influence of the forebody with increasing dis-
tance and size of the secondary body.

The presented data are merely experimental, but they
indicate the existance of very complicated interactions, and
a further exploration of the wake problem of a combination of
two bodies appears to be very desirable.

12



MODELS

HEMISPHERE FLAT PLATE 450 CONE 300 CONE TRUNCATEDDS L CONE

CC-am 1.520 C.. 1.125 C.= 0.720 Co.. 0.583 C..F 0.823

1 0.300 o.471 o.622 0.841 0.6 94

2 o.639 O.640 0.755 0.820 0.760

3 0.738 0.725 0.790 0.791 0.795

4 0.798 0.780 0.811 0.821 0.815

5 0.800 0.840 0.852 0.831

2 0.758
4 0.917 0.875 0.826 0.755 0.829

6 0.861

2 8 0.907 o.876 o.841 0.769 0.883

10 0.870
12 o.942 o. 864 0.825 0.850

16 1.000 o.887 0.842 o.881

3 0.950

6 0.931 0.957 0.889 0.798 o.885

9 0.950
3 12 0.934 0.963 0.890 0.805 0.916

15 26

18 0.949 0.900 0.834 0.902

24 1.000 0.907 o.841 0.925

TABLE 1. DRAG EFFICIENCIES, CD/CD0 FOR FIVE
BASIC RETARDATION DEVICES IN THE WAKE

OF A FOREBODY. M=0,2
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