UNCLASSIFIED

AD NUMBER: AD0871755

LIMITATION CHANGES

TO:

Approved for public release; distribution is unlimited.

FROM:

Distribution authorized to US Government Agencies only;
Export Control; 21 Apr 1970. Other requests shall be referred to US Army
Missile Command, Redstone Arsenal, AL 35809.

AUTHORITY

USAMC Itr dtd 15 Nov 1972.

THIS PAGE IS UNCLASSIFIED




ADS8T1759

BT FiLe copy

AD No.——

REPORT NO. RD-TR-70-7

AN OIL FLOW STUDY OF A SONIC REACTION JET
EJECTING FROM A BODY OF REVOLUTION
INTO A FREE STREAM OF MACH NUMBER

RANGE 1.75 T0 45

by
Troy A. Street

April 1970

This document is subject to special export controls
and each transmittal to foreign governments or foreign
nationals may be made only with prior approval of this
Command, ATTN: AMSMI-RD.

U.S.ARMY MISSILE COMMAND

Redstone Arsenal, Alaba ma3_$‘307

3
S EDITION 1S OBSOLETE l












iv

Symbols

4-caliber tangent-ogive cylinder body

Fin chord (in.)

Circular (C), sonic (subscript 1) jet normal to the body surface

Missile body diameter (in.)
Mercury
Free stream Mach number

Jet total pressure (cm Hg)

Tunnel static pressure (cm Hg)
Fin leading edge radius (in.)
Fin span (in.)

Slot (S), sonic (subscript 1) jet longitudinally (subscript L)
oriented with the model center line axis.

Slot (S), sonic (subscript 1) jet oriented transversely (subscript T)

to the model center line axis
Fin thickness (in.)
Titanium oxide

Jet longitudinal location (in.)

Jet lo-'ation on the body 2. 75 inches from the nose
Jet location on the body 4. 125 inches from the nose
Jet location on the body 6. 000 inches from the nose
Jet location on the body 7. 875 inches from the nose

Angle of attack (deg)

Jet orientation relative to the pitch plane (deg)



|« Introduction

The Advanced Systems Laboratory of the U,S. Army Missile Com-
mand has maintained an active interest in reaction jet control studies for several
years, The literature [1, 2] to date largely reflects experimental studies by
forces and moments or surface pressure measurements. The purpose of this
oil flow test series was to obtain visual flow patterns in the vicinity of the jet and
to record these patterns. This flow pattern will be used later for verification of
the location and shape of the bow shock and its associated separation shock as
predicted by the recently developed theoretical technique [3, 4], The theoreti-
cal technique assumes that the jet can be replaced by a spherically capped cylin-
der as shown in Figure 1. 2 method of characteristics solution of the flow field
around the cylinder yields local flow properties which are integrated between
the capped cylinder and the bow shock to predict resultant forces and moments.
The area of integration is vitally important to the resultant forces and moments
and the area of integration is a function of the shape and location of the bow
shock. These statements relative to the existing theoretical model are made only
to show the stimulus for the conduction of this oil flow test series: the actual
comparison of the experimental and theoretical bow shocks will be made later
with only the experimental data presented herein.

The photographs contained herein are for Mach numbers 1. 75 to 4. 5,
angles of attack between £10 degrees, jet total-to-free stream static pressure
ratios up to 100, various jet angular orientations, and longitudinal body positions.
These photographs show unique details in the flow patterns and certainly reveals
the complexity of the flow about a reaction jet,

An appendix contains the photographs and a table of conditions for each
Mach number of the test series.

2. Apparatus
a. Test Facility

The Ballistic Research Laboratories at Aberdeen Proving
Ground, Maryland, provided the wind tunnel test facilites for this two-test
series. Tunnel No. 1 was used for the initial entry and Tunnel No. 3 for the
second entry.

Tunnels No. 1 and No. 3 are essentially the same, as both operating
ranges are approximately 1.5 to 5. 0 with test sections 15 inches high by 13 inches
wide and 13 inches high by 15 inches wide, respectively. Other tunnel charac-
teristics may be found in the work by McMullen [5]. A distinct difference in
the two tunnels is that Tunnel No. 3 has a glass window in the top of the tunnel in



addition to the side wall window, Tunnel No. 1 has only a window in the side
wall (Figure 2).

b, Test Conditions

The wind tunnel test conditions were Reynolds number per inch
of 0,48 » 10" with other conditions as shown in Table I,

TABLE I. WIND TUNNEL TEST CONDITIONS

M Total Pressure Total Temperature
© (cm Hg) (°F)

4.5 400 87

4.0 321 87

3.0 193 87

2.0 118 85

1,75 107 83

No difficulty was observed in maintaining these conditions throughout the tests.

c. Model

The model used in these tests was a 4-caliber tangent ogive
nose on a 5-caliber cylindrical afterbody. A schematic of the model is shown
in Figure 3 and the model is shown mounted in Tunnel No. 1 in Figure 2.

Four jet longitudinal body locations were used for this test.
locations and dimensions are given in Table II,

These

TABLE II. JET LONGITUDINAL LOCATION AND NOMENCLATURE
N

Position (in,) Xj/D
X0 2. 750 2. 00
X1 4,125 3.00
X2 6. 00y 4,36
h 7. 875 5.73
‘<:L 9

(8




The fins used in these tests were located at the base. The fins were
either aligned with the jet or interdigitated 45 degrees from the jet angular loca-
tion, The fin nomenclature and dimensions are shown in Table III,

TABLE III, FIN NOMENCLATURE AND DIMENSIONS

c b t r Top view |

Fin No. | (in.) | (in.) | (in.)| (in) | e/b | "™ t

0. 00 No Fins On the Body j

1.00 |1.375}0,342]0,054]0.0135{0. 250 Front view

1.45 |1.375]0. 3420, 054]0.0135]0. 250 7

2,00 |1.375]0.687|0.05410.0135(0.500 b

2,45 |1.375]|0.687]0.054]0.0135]0.500 |

3.00 |1.375]0.928]0.0540.0135]0, 675 le— ¢/ 2 -~

3.45 |[1.375|0.928{0. 054(0. 013540, 675 < c =

Notes: 1. The first digit in the fin number relates to the fin size.
2. The two digits after the decimal in the fin number indicate the fin
orientation, in degrees, relative to the jet.

The jets used during the test were of the slot and circular type configu-
ration. The circular jets were convergent nozzles with 0. 11-inch diameters
(Figure 4a). The slot jets were also convergent nozzles in the 0. 275-inch
length direction with straight sides in the 0, 0345-inch width direction (Figure 4b),
Both nozzle shapes have sharp corners at the exit. The slot jets were used with
the slot aligned longitudinally with the flow and with the slot aligned transversely
to the free stream flow.

The jet supply line (Figure 2) from an external source is located behind
the strut and extends around the strut to a collar on the base of the sting mount,
The jet supply to the model is furnished through the sting and dummy balance to
the model pressure chamber. An identical installation was used when the model
was mounted in Tunnel No. 3.

d. Test Procedure

The substance used to coat the model was a mixture of titanium
dioxide (TiO,) and 200 Dow Corning Silicone Oil as shown in Table IV, The
mixture was applied with a brush from the grit band to the model base. The
grit band was 0. 25 inches wide and 1. 0 inch from the nose with a 0. 080-inch






3. Results

The photographs obtained from this oil flow test series are presented
in the appendices in Mach number sequence as follows:

Appendix Mach Number

1,75
2.00
3. 00
4. 00
4.50

BHOoaow >

The photographs in each appendix are preceded by a table showing the model
orientation, tunnel conditions, and values of the test variables.

The photographs are arranged according to the information obtained.
For the second entry where simultaneous photographs of the same conditions
were made, these are presented on opposing pages. The photographs from the
first entry are presented similarly, except, since only one camera was avail-
able, the opposing photographs are for the same conditions except the model is
rolled 90 degrees, This is the case where both conditions were photographed.

Unfortunately, the jet supply valve did leak at Mach number 4,5 in the
first entry with the valve closed. Although photographs were taken for this
Poj/ P.o ~ ( case, many are not shown in this presentation of the data. Some

photographs of Poj/ P_ =~ 0 are presented to give an indication of the flow stream-

line patterns, particularly for the high angle-of-attack situations.

Since the two cameras were located at different distances from the
model, the size of the model in the photographs differ. In order to obtain as
much local flow detail in the vicinity of the jet as practically possible and,
secondarily for documentation continuity, the photographs from both cameras
are enlarged to give an approximately 2. 0-inch diameter model image. Enlarg-
ing the model image to magnify the local flow details necessitatesa sacrifice of
the entire model view, However, to show the flow about the fins, the photo-
graphs for M_= 1.75 were not enlarged as much as the photographs at other
Mach numbers.

Schlierens and shadowgraphs that contribute shock information pertinent
to the corresponding surface flow details are presented. For completeness,
shadowgraphs from a similar test at conditions corresponding to those of the
current test are occasionally included [6]. The schlierens and shadowgraphs
are shown to add dimension to the surface photographs.
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