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FOREWORD
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VA0942, The manuscript was submitted for publication on September 24,
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ABSTRACT

Static-force tests were conducted on a separable-pod crew escape
capsule in close proximity to the forward section of the airplane fuse-
lage. The capsule escape rocket exhaust plume was simulated with high
pressure air heated to a total temperature of approximately 100°F. Data
were obtained at Mach numbers from 2 through 5 at capsule angles of
attack from -15 to 25 deg and angles of sideslip from 0 to 15 deg for
various positions of the capsule relative to the fuselage section. All
testing was conducted at a fuselage angle of attack and angle of sideslip
of zero. Reynolds number, based on the pod model length of 8,978 in.,
ranged from 1.9 x 106 t0 5.2 x 106, Results are presented showing the
effects of the fuselage section on the aerodynamic characteristics of the
capsule, with and without simulation of the escape rocket exhaust plume.
These results indicate that the primary interference effects for the jet-
off data are caused by severe flow interactions occurring when the cap-
sule, with its strong bow shock, moves across the fuselage cavity.

For the jet-on data the primary interference effects are caused by the
jet exhausting into the fuselage cavity, which acts as a flow deflector
turning the jet flow back onto the capsule.
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SECTION |
INTRODUCTION

These tests represent Phase III of a wind tunnel test program re-
quested by the Flight Recovery Group (FDFR), AFFDL, to provide data
for investigating crew escape systems for high-speed flight vehicles.

In Phases I and I (Refs. 1, 2, and 3), the static stability and drag char-
acteristics of the F-104 aircraft separable-nose crew escape capsule
were obtained with and without the presence of the forward section of the
airplane fuselage.

In the present Phase IIlI tests, static stability and drag data were
obtained on a separable-pod capsule supported from a remotely con-
trolled system that positioned the fuselage with respect to the capsule
and provided pitch or yaw of the capsule. The fuselage section position
relative to the capsule was varied from 22 in, aft to 26 in. forward of the
capsule and from 0.2 to 14 in, below the capsule. Laterally, the capsule
was aligned with the fuselage and was also positioned 5 in. to the side of
the fuselage.

Static-force data were obtained at Mach numbers from 2 through 5
at capsule angles of attack from -15 to 25 deg and capsule angles of side-
slip from 0 to 15 deg. The fuselage angle of attack and angle of sideslip
were zero. Reynolds number, based on the pod model length of 8. 978 in.,
ranged from 1,9 x 106 t0 5.2 x 106, The escape rocket jet plume was
simulated with air heated to approximately 100°F,

SECTION 11
APPARATUS

2.1 WIND TUNNEL

The 40-in. supersonic tunnel (Gas Dynamic Wind Tunnel, Supersonic
(A)) is a continuous, closed-circuit, variable density wind tunnel with an
automatically driven, flexible-plate-type nozzle and a 40- by 40-in, test
section. The tunnel can be operated at Mach numbers from 1.5 to 6 at
maximum stagnation pressures from 29 to 200 psia, respectively, and
stagnation temperatures up to 290°F (M, = 6). Minimum operating pres-
sures range from about one-tenth to one-twentieth of the maximum at
each Mach number. A more complete description of the tunnel and air-
flow calibration information may be found in Ref. 4.
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-2.2 MODELS AND SUPPORT SYSTEM

The separable-pod crew escape capsule model and the fuselage
section model (Figs. 1 through 3, Appendix I) were 7-percent-scale
models of a hypothetical, two-place, side-by-side, high-speed air-
craft. The models were supplied by AFFDL and modified by VKF so
that they could be supported on a remotely controlled support system,
which is described in Ref, 3.

The escape rocket nozzle was positioned in a cutout on the lower
aft portion of the capsule model (Fig. 1c) and was attached to the sting
so that the model was isolated from the jet reaction force. Details of
the nozzle, which was identical to the nozzle used in the Phase I and II
tests, are given in Fig. 1d. The procedures used to calculate the noz-
zle dimensions and chamber pressures for simulation of the full-scale
jet plume shape at various altitudes over the Mach number range are
given in Ref, 1.

The fuselage section details are given in Fig. 1b. As shown in this
figure, an insert was used in the aft portion of the fuselage to fill a sec-
tion of the rear wall of the cavity left open by the ejected capsule model.
The insert was removed to provide clearance for the capsule sting sup-
port when the capsule and fuselage were in close proximity and installed
for conditions where the sting cleared the fuselage. The exact conditions
for use of the insert are shown in Tables I and II (Appendix II). The
three vent holes shown on the fuselage were to allow the jet exhaust gas
to escape from the cavity when the capsule was in close proximity to the
fuselage.

2.3 INSTRUMENTATION AND PROCEDURES

Capsule force and moment measurements were made with six-
component, moment -type, strain-gage balances supplied and calibrated
by the von Karman Gas Dynamics Facility, During the test, it became
necessary to replace balance 1 with another balance (balance 2). In
order to accomplish this, it was necessary to modify the model and
sting assembly. This modification resulted in moving the nozzle thrust
axis forward by 0. 060 in. Since the jet thrust was not being measured by
the balance and the only jet effects that were measured were the plume
effects on the flow over the capsule, it was assumed that this small thrust
axis shift would not significantly affect the data. This assumption was
justified by repeating data previously obtained on balance 1. The condi-
tions tested on balances 1 and 2 are shown in Tables I and II.
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Before the test, loadings in a single plane and combined static load-
ings were applied to the balances which simulated the range of model
loadings anticipated for the test. The ranges of uncertainties listed be-
low correspond to the differences between the applied loads and the values
calculated with the balance equations used in the final data reduction.

The minimum uncertainties given are for loads up to about 10 percent

of the maximum applied and are for loadings on the particular component
only (no combined loading interaction effects). The maximum uncertain-
ties are for combined loadings.

Balance 1
Balance Design Range of Range of
Component Load Static L.oadings  Uncertainties
Normal force, 1b 200 +200 +0. 25 to 0. 80
Pitching moment, in.-1b 680 +300 1. 00 to £2. 00
Side force, 1b 200 +200 £0. 70 to +1.00
Yawing moment, in.-1b 680 +300 +2, 00 to +3. 00
Rolling moment, in.-lb 100 +100 +0. 25 to 0. 54
Axial force, 1b 100 0 to 100 +0. 30 to +0. 40
Balance 2
Balance Design Range of Range of
Component Load Static Loadings  Uncertainties
Normal force, 1b 500 +200 +1.10 to X2, 40
Pitching moment, in.-1b 1850 400 +2.10 to +4. 00
Side force, 1b 250 £200 10, 80 to £1. 30
Yawing moment, in,-1lb 925 +400 41, 90 to 4. 00
Rolling moment, in.-1b * 100 +100 +0. 15 to 20, 50
Axial force, 1b 300 +100 10. 50 to +0, 70

The jet chamber pressure was measured with a 1000-psid trans-
ducer and is considered accurate to within 1 percent of capacity.

The base pressures were measured with transducers calibrated for
full-scale ranges of 15, 5, and 1 psid, referenced to a near vacuum,
which are considered accurate to within 0. 3 percent of full scale.

The model attitude and position were measured with calibrated
potentiometers, recorded on digital voltmeters, and the accuracies of
each are listed on the following page.
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Drive System Range Uncertainty
a,, Bc, deg -15 to 25 +0. 05
x, in. -24 to 40 +0. 10
y, in, -2 to 10 40, 05
z, in, 0 to 14 +0.08

Each data group was obtained by setting o, or 8., y, and z and
varying x. In order to obtain data more rapidly, x was varied con-
tinuously as the data were being taken; consequently, the x values ob-
tained were not in even increments. A curve fit program was later
used to calculate all test parameters for any desired value of x.
Given the values of x, y, and z, this program would pick the six data
points closest to the given x, fit a fifth-degree equation to the data,
and retabulate the results for varying a. or 8.. Plotted data in this
form will be supplied to AFFDL to aid in their analysis of the results.
For the purpose of a timely documentation of the test results, however,
the data presented herein are in the original form as a function of x.

SECTION 1l
RESULTS AND DISCUSSION

A summary of the test conditions is presented in Table III, and
Tables I and I present a summary of the model attitudes tested. Be-
cause of excessive model vibrations encountered with the jet on and
the capsule in close proximity to the fuselage section, no data were
taken, jet on, for z < 3 in. Only general comments on the results are
given herein; the final analysis in relation to the concept of this capsule
as a practical system will be done by AFFDL.

The effects of the presence of the fuselage section on the 1ift, drag,
and pitching-moment characteristics of the escape capsule, ;|et off, are
shown in Figs. 4 through 11 for Mach numbers 2, 3, 4, and 5. For
these and all other data presented, the number of data points obtained
was generally considered sufficient to illustrate data trends without
fairing curves through the individual data points. Of primary interest
here are the pitching-moment data. For the condition of zero lateral
separation! (y = 0) and a close-in vertical separation distance of z = 3 in.,
the trends of the pitching-moment curves are similar for all Mach num-
bers. Specifically, peaks are apparent in the data, particularly at about
x &+2 and -2 in. with a dip at x~ 0. These data variations are attrib-
uted to the severe flow interactions occurring when the capsule, with its
strong detached shock, moves across the fuselage cavity. The shock
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systems involved in these interactions and the resulting large regions
of separated flow over the fuselage section are shown in the schlieren
photographs of the two models at various attitudes and for each Mach
number given in Figs. 5, 7, 9, and 11. These photographs and the data
figures show, as one would expect, that the interference effects between
the two bodies decrease as the capsule is moved away from the fuselage
(z and y increased). It may also be noted that for the close proximity
conditions (z = 3 and 4 in.) at Mach numbers of 3 and above, variations
in the lift and drag data were obtained similar to those of the pitching-
moment data. These data excursions were similar regardless of the
capsule pitch attitude. Pitching the capsule to angle of attack seemed
to change only the level of the coeificients.

Capsule side-force, yawing-moment, and rolling-moment char-
acteristics, jet off, for Mach numbers 2, 3, 4, and 5 are presented in
Figs. 12 through 15 for the models in the sideslip attitude, For no
lateral separation (y = 0), these data show only small variations for
Bo = 0 at all Mach numbers and vertical separation distances (z). This
would be expected since the fuselage interference flow field about the
capsule should be symmetrical in the sideslip plane. As the capsule
sideslip angle was increased from zero and thus moved the capsule out
of the plane of symmetry, noticeable interference effects were obtained.
The most significant variations in these data were obtained in the yawing
moment. With the capsule displaced laterally toy = -5 in., the fuselage
interference flow field was nonsymmetrical even for Be = 0. These data
(Figs. 12e, 13e, l4e, and 15d) show that the interference effects at B, = 0
were of the same order of magnitude of those for 3, > 0.

Similar results, as shown previously for the capsule in pitch and
sideslip, are presented in Figs. 16 through 27 with flow simulation of
the escape rocket exhaust plume. For the condition of the capsule free
from fuselage interference (maximum negative x), the jet-on pitch data
as compared to jet off show an increase in lift, a decrease in pitching
moment, and little change in drag (for example, Figs. 10e and 22e).
The sideslip data for this condition show only small variations in side
force, yawing moment, and rolling moment (compare Figs. 15c¢ and
27b). The pitch data variations noted above can be attributed to a jet-
induced increased pressure on the lower rear surface of the capsule
which would not appreciably affect drag (because of the base drag
correction) or sideslip data.

The trends of the interference effects for these data were very sim-
ilar to those for jet off except for an increase in magnitude, The var-
iations around x = 0 become very large when the capsule is in close
proximity to the fuselage and also increase with increasing Mach number
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(for example, Figs. 4a and 16a for Mach number 2 and Figs. 10a and
22a for Mach number 5). These jet-on effects around x = 0 are probably
the result of the jet exhausting into the fuselage cavity, which acts as

a flow deflector turning the jet flow back onto the capsule. The jet
exhaust produced violent flow separation on the fuselage, as can be seen
in the schlieren photographs presented.

A limited amount of jet-off data was obtained at x =0, y =0, and
@, = 0 with the capsule less than 3 in. vertically (z) from the fuselage.
These data are included in Fig. 28, which presents capsule lift, pitch-
ing moment, and drag data, jet off and jet on, as a function of vertical
separation distance, z. The increase in lift, pitching moment, and
drag as z increases from 0.2 in., jet off, is a direct result of the
capsule front face becoming more exposed to the flow. For the condi-
tions where fuselage interference exists (z <6 in.), the jet-on data, as
compared to jet off, show an increase in lift and pitching moment and
only small variations in drag. Although no jet-on data were obtained
for z <3 in,, Fig. 28 gives an indication of the large effects that may
be present.

SECTION 1Y
CONCLUDING REMARKS

From the subject tests in Tunnel A of VKF, the following conclu-
sions can be stated:

1, The primary interference effects for the jet-off condi-~
tion were obtained in the pitch plane with the capsule in
close proximity to the fuselage and were attributed to
severe flow interactions occurring when the capsule,
with its strong detached shock, moved across the fuse-

lage cavity.

2. For the condition of interference-free data, the jet-on
pitch data as compared to jet off showed an increase in
lift, a decrease in pitching moment, and little change
in drag. These variations were attributed to a jet-
induced increased pressure on the lower rear surface
of the capsule.

3. The interference effects for jet on were similar to those
for jet off except for an increase in magnitude, partic-
ularly around x = 0 with the capsule in close proximity to
the fuselage. This was probably the result of the jet ex-
hausting into the fuselage cavity, which acted as a flow
deflector turning the jet flow back onto the capsule.

6
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4, For the condition where fuselage interference exists at
x=0, y=0, ac =0, the jet-on data as compared to jet
off showed an increase in lift and pitching moment and
only small variations in drag.
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TABLE |
MODEL PITCH ATTITUDES
a., deg n, y, in, z, in ¥
; : v | O 000
-15 -22 < x <26 1, 1,5, 2,3,4,5, 6
-12 1, 1.5, 2,3, 4,5, 6
-8 I () 1.5 2,3, 4,5,86, 10 '
-4 : @D, 2.3, 4,5 6,10
0 @33 4. 5. 6, 10.@‘
2 @
; ©
4 @ 3,4, 3,6, 10
; &
8 @ 5, 6, 10,
10 5
12 6. 10, @
16 10,
20 10, {4)
22 10
25 @
-15 5 5
-12 5
-8 5, 10
-4 ' ¢ 5,10
0 5, 10, {19
4 5, 10, (19
8 .5, 10, 4@
10 , iP5
-2 i o )
-6 10, (D ;
20 10,
22 10
25 -22 < x<26 5 14
*Sym Remarks

Nonc

Fuselage insert off at all Mach numbers.
Balancc 2 used at Mach numbers 2 and 3,

balance 1 at Mach numbers 4 and 5

Balance 2 used at Mach number 2, balance 1 at
Mach numbers 4 and 5, and Mach number 3 for

unflagged only.

Balance 2 used at Mach number 3, balance 1 at

Mach numbers 4 and 5

Balance | used at all Mach numbers

Note: No Data Taken for Jet On at 2 < 3,0 1n.
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TABLE I
MODEL SIDESLIP ATTITUDES

Bc, deg x, in. y, in. Z, in.
0 -20 $x <15 0 3,4,86,8
2
4
8
12 I
15 0
0 5
2
4
8
12
15 -20 £x<15 5 3, 4, 6, 8

Notes: All Data Obtained on Balance 2 with

the Fuselage Insert On

No Data Taken at Mach Number 5 for
z = 8 in,

No Data Taken for Jet On at Mach
Number 5 forz =3 in., y =0
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811

TABLE 11l

TEST CONDITIONS
Nominal Calibrated -1 Pressure
i p., pSia T, °R p,, psia Re, x 1076, in. Altitude, Pe/Ps
M (o] (&) w ® R C
@ » ft x 10-3
2 2.00 12,8 580 1,682 0. 250 50 0, 357
3 2.99 18.2 580 0. 506 0.217 75 0, 1206
4 4,02 71.0 580 0.468 0.485 76 0, 1303
5 5.06 85.0 620 0, 157 0.325 100 0, 4204
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