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The last sentence of the text, on page 4,'shou1d read:

This reversal of the data slopes is attributed to the reduced
effectiveness of the lower booms in roll caused by being
submerged in the jet plume which is, of course, greater at
the higher pc/pm values.
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FOREWORD

The work reported herein was done at the request of the Air Force
Flight Dynamics Laboratory (AFFDL), Air Force Systems Command
(AFSC), under Program Element 62405364, Project 1362.

The results of tests presented were obtained by ARO, Inc. (a
subsidiary of Sverdrup & Parcel and Associates, Inc.), contract opera-
tor of the Arnold Engineering Development Center (AEDC), AFSC,
Arnold Air Force Station, Tennessee, under Contract AF 40(600)-1200.
The tests were conducted intermittently within the period from June 2,
1965, to January 17, 1966, under ARO .Project No. VT0508. The
manuscript was submitted for publication on March 15, 1966,

This technical report has been reviewed and is approved.

Donald E. Beitsch Jean A. Jack
Major, USAF _ Colonel, USAF
AF Representative, VKF DCS/Test

DCS/Test
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ABSTRACT

Static force tests were conducted in the 40-in. supersonic tunnel
of the von Karman Gas Dynamics Facility on a separable-nose crew
escape capsule having cold flow simulation of the separation rocket
jet plume. Data were obtained at Mach numbers from 1.5 to 6 at
angles of attack from -30 to 30 deg and angles of sideslip from -15
to 15 deg. Reynolds number, based on a model length of 18.1 in.,
ranged from 1. 36 x 106 to 12.3 x 106, Selected results are presented
showing the effects of the rocket exhaust jet on the static stability and
drag characteristics of the vehicle.
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SECTION |
INTRODUCTION

These tests constitute Phase I 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 this phase, tests were made on a separable-nose escape capsule
incorporating several trim control surfaces, with cold flow simulation
of the exhaust plume from the escape rocket at various altitudes. In
later tests the aerodynamic characteristics of the separable-nose cap-
sule in proximity to the parent body (fuselage) and other crew escape
capsule configurations will be investigated.

Static force data were obtained at Mach numbers from 1.5 to 6
at angles of attack from -30 to 30 deg and angles of sideslip from -15
to 15 deg. Reynolds number, based on a model length of 18.1 in.,

ranged from 1. 36 x 108 t0 12. 3 x 106.

SECTION 1
APPARATUS

2.1 WIND TUNNEL ,

The 40-in. supersonic tunnel (Gas Dynamic Wind Tunnel, Super-
sonic (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 operates at Mach numbers from 1.5 to 6
at maximum stagnation pressures from 29 to 200 psia, respectively, and
stagnation temperatures up to 300°F (M, = 6). Minimum operating
pressures are about one-tenth of the maximum at each Mach number.

2.2 MODEL

The 1/10-scale, separable-nose escape capsule model (Figs. 1
through 4) was provided by AFFDL and consisted of the nose and canopy
section of the F-104 aircraft. The capsule had three wedge-shaped
stabilizing booms extending to the rear. These booms (Fig. 1b) were
positioned 120 deg apart, and the upper boom could be fitted with three
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different trim tab configurations (Figs. la and ¢). The trim tab for
configuration 1 was used in combination with two flat plate tabs of

different size for configurations 2 and 3 (Figs. lc and 3). The cold air
jet nozzle was positioned in a cutout on the lower aft portion of the
model (Fig. 2) and was attached to the sting such that the model was
isolated from the jet reaction force.

Details of the nozzle are given in Fig. 1d, and the procedures used
to calculate the required nozzle dimensions and chamber pressures for
simulation of the full-scale jet plume shape at various altitudes over
the Mach number range are given in the Appendix.

2.3 INSTRUMENTATION

Model force measurements were made with a six-component,
moment type, strain-gage balance supplied and calibrated by the
von Kdrman Gas Dynamics Facility. Prior to the test, combined
static loadings were applied to the balance which simulated the range
of model loadings anticipated for the test. The ranges of uncertainties
listed below correspond to the differences between the applied loads
and the values calculated by the balance equations used in the final data
reduction.

Balance Design Range of Range of

Component Load Static Loadings Uncertainties
Normal force, 1b 250 0 to 250 +0.4 to 0,75
Pitching moment, in, f1b 1234 0 to 365 +4 7
Side force, 1b 125 0to 125 0.3 to +0.86
Yawing moment, in. [lb 617 0to 185 2.0
Rolling moment, in.[lb 60 16 to 64 +0. 4
Axial force, 1b 300 100 to 300 +0, 25 to £1. 25

Two jet chamber pressure measurements were made using trans-
ducers calibrated for a full-scale range of 1000 psia, which are con-
sidered accurate to within 1 percent of full scale.

Base pressures were measured with transducers of 15-, 5-, and
1-psid capacity, referenced to a near vacuum, which are considered
accurate to within 0. 25 percent of full scale of the transducer capacity.
A base drag correction was made for the balance cavity area only.

A summary of the test conditions is given in Table I.
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- SECTION NI
RESULTS AND DISCUSSION

Static longitudinal stability and drag characteristics, jet on and jet
off, are presented in Fig. 5 for Mach numbers 2, 4, and 6. All con-
fipurations were longitudinally stable. As would be expected, because
of its location far aft of the moment reference, the primary effect of
increasing the trim tab area was to produce a positive increment in
pitching moment. The effect was the same at all Mach numbers, jet
on and jet off, although the tab effectiveness decreased at high positive
angles of attack because of the shielding effect of the capsule.

The results (Fig. 5) also show that the effect of the jet flow was
to increase the lift and nose-down pitching moment. This follows from
the increase in pressure obtained on the aft, lower surfaces of the model
with the jet on. Because of the positive increase in lift with jet on,
there was a general shift in level of the C; versus Cp curves, although
drag was decreased somewhat by the pressure increase in the model
base region.

Included in Fig. 5 are data showing the effects of decreasing the
jet/chamber pressure ratio, ps/p,, at M, = 2 and 4 and of increasing
pC/pm at M, = 6. The effect on lift and drag was as expected, that is,
the jet effects increased as p./p, was increased. Pitching moment was
influenced greatly by the extent of the flow separation induced by the jet
plume. The results for M = 6 (Fig. 5c¢)} show that, although lift increased
with pclpm increase, the nose-down pitching moment was decreased be-
cause of an increase in the extent of the separated flow region. This
change in the extent of the separated flow can be seen in the schlieren
photographs of Fig., 6.

Directional and lateral stability characteristics for the three con-
figurations are presented in Fig. 7. All configurations were directionally
stable at all Mach numbers, and changing the trim tab had no effect on
these characteristics. There was little or no effect of the jet flow on
side force and yawing moment, but the jet effect on rolling moment was
significant. Changing the trim tab also had an effect on roll, and it can
be seen that a Mach number effect was also present for both jet off and
jet on conditions by the change in slope of the curve (CE versus fB).

In order to show these trends more clearly, the rolling-moment
characteristics for Mach numbers from 2 to 6 are presented in Fig. 8.
Data are given for high altitude conditions (i.e., low Reynolds number
and high p,/p,) in Fig. 8a and for low altitude conditions (high Reynolds
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number and low pc/pm) in Fig. 8b. As can be seen, there is a continu-
ous change in the data slopes as Mach number increases, which is
caused by changing local flow conditions on the upper and lower trailing
booms. The data trends are the same for both altitude conditions and
jet off, but with the jet on a reversal in trend is obtained for the high
altitude condition (high p,/p,) at each Mach number. This reversal of
booms in roll caused by being submerged in the jet plume which is, of
course, greater at the higher p./p, values.



0.30 0564
—Fuseiage
0.280_% Reference Line
0.197 0.334 = 0.755
N—1,751
Section D-D

Section C-C

Section A-A Section B-B
Trim Tab
Moment Reference
| A 120 deg (Typ. }
B~ 60 deg (Typ.)
C - E— Fuselage
‘ - § e 13 deg Reference
e = 7 Fuselage Reference Line

All Dimensions in Inches

18.100 —

Separation Bulkhead
Location

a. Cepsule Detoils (Config. 3)
Fig. 1 Model Details

¥L-99-41-2Q3Vv



Y St
i i s
iy
0.9(!1] ri# '8.520 -I |=—0.600
PR b B
1 X300 “Lomso
Upper Boom

All Dimensions in Inches

|

-

0.720 oo{<

|1

/

-
L
/
é-

px

-
1,030 5,650 —] 1.200}—
. 11.250 =20

Lower Boom (2 Required)

b. Trailing Boom Details
Fig. 1 Continued

pPL-9941-2Q3V



Conflg.  Tabs Used
1 1
2 land2
3 land3 _

Trim Tab No. 1

\

.'; _L
1.700 1, 2.870
L' o,_!]_a
. 57— -|h -
L . | ’ '
| emel
—e f—0.110

Trim Tab No. 2

c. Trim Tab Details

Fig. 1 Continued

All Dimensions in Inches

Ty

60 deg {Typ. )

= = gl -
| SPSTT —] T Sp——

I
8
|

i

- — |

!
|

Trim Tab No. 3

ve-99-¥1-04Q3v



o—— L.B0 ——

— 0,437 |j—

0.120 — }-—

0.767 1.184
+ Diam Diam
1. 060 1.250
I Diam Diam
< L .
0.250R —/ 14%27°

o—{, 568 —
Throat Location

d. Nozzle Details
Fig. 1 Concluded

All Dimensions in Inches

z
.

¥2-99-%1-203V



Sting Support

Balance Shroud

W\w =
-

s inimi S

\\\\\\ ==

Balance-to-Model Adapter —/ \ Nozzle Thrust Axis

Momenl
Reference

_Nozzie Stilling Chamber

Fig. 2 Model Installation Sketch

Nozzle Supply Line

PL-99-4L-2Q3 Vv



AEDC-TR-66-74

Configuration 3

Contfiguration 1

Fig. 3 Model Photographs
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Fig. 4 Configuration 3 Installation Photagraphs
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TABLE |
TEST CONDITIONS

No;an:nal Cah;;lzated Py psia To' °F | p,, psia | Re/in. x 10-6 glgtrgfﬁ Pclpu, Configuration
1.5 1,47 5.91 100 1.682 0.145 50 0* 357 | 1, 2, and 3
1.5 1,48 19. 45 5,454 0.470 25 101 | 1, 2, and 3
2 1.97 3.78 0.506 0.075 75 1, 206 1
2 1.948 12,75 1.682 0.260 50 37| 1, 2, and 3
2 1.99 33.60 4. 365 0. 680 30 131
2.5 2.48 8. 38 0.506 0.130 75 1, 206
2.5 2,49 28.3 1.682 0.450 50 357
3 2.99 18.15 0.506 0,220 75 1, 206
3 3.00 48. 9 100 1. 330 0.600 55 451
3.5 3.48 11. 64 120 0. 157 0. 100 100 4, 204
3.5 3.49 38.0 0.506 0. 340 75 1, 206
4 3.9¢9 23.5 0. 157 0. 160 100 4, 204
4 4. 00 71.0 120 0.468 0.485 76 1,303 | 1, 2, and 3
4.5 4.49 15. 85 130 0. 054 0.080 125 13, 333 1and 2
4.5 4.52 46, 6 0.157 0. 240 100 4,204} 1, 2, and 3
4.5 4.53 100.0 130 0.333 0.522 84 1, 886
5 5.02 28.6 140 0. 054 0.115 125 13, 333
5 5,02 85.0 160 0. 157 0. 325 100 4, 204
6 5.99 85.25 180 0. 054 0, 250 125 13, 333
6 6. 00 199.0 180 0. 126 0. 580 106 0 5,397 | 1, 2, and 3

*Jet Off Condition

yL-9%-¥1-343v
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APPENDIX
JET PLUME SIMULATION

The procedure used to determine the model jet parameters for
simulation of the escape rocket jet plume at various pressure-
altitudes was as follows:

1. The basic method used was that outlined by Pindzolal for a
jet exhausting into quiescent air. Retaining the nozzle
divergence angle for the model and with the specific heat ratio
(¥ = 1. 4) of the simulating fluid fixed, this method specified the
model nozzle exit Mach number and chamber pressure ratio
(p./Pg) for the given full-scale rocket nozzle (Army XM-15) at
a specific altitude (i.e., a given p./p, since p. = constant}.
Model scaling also fixed the nozzle exit diameter.

2. The desired test conditions covered several altitudes at each
Mach number. Consequently, simulation was required for a
wide range of pC/ P, of the full-scale rocket. Obviously, it
was not practical to provide a different model nozzle for each
altitude condition; therefore, a compromise solution was sought
which would allow the use of one nozzle configuration for all
test conditions. )

3. Using Pindzola's method, the model jet Mach number and cham-
ber pressure ratio (pclpm) were calculated for each altitude.
Then, selecting the mean value of these jet Mach numbers for
the model nozzle Mach number, plume shapes were calculated
for a wide range of pc.r‘pco values including those obtained from
the above calculation. Plume shapes were also calculated for
the full-scale nozzle parameters for each altitude. The plume
shape calculations were performed on an IBM 7074 computer
using the characteristics method (perfect gas expansion in
quiescent air}).

4. Cross-plots were made of the model jet plume shape coordinates
against pc/pw and, by comparison with the plume coordinates of
the full-scale rocket nozzle, a range of pc/pm values was obtained

1M. Pindzola. '"Boundary Simulation Parameters for Under-
expanded Jets in a Quiescent Atmosphere." AEDC-TR-65-6(AD454770),
January 1965.

21
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which gave the desired plume shape matching at various loca-
tions along the plume axis for each altitude condition. Judicious
selection from these values then gave a p,/p, value for each
altitude which gave the best compromise fit at all axial locations
along the plume axis.

. Plume shapes were then calculated for these selected jet cham-

ber pressure ratios, and excellent matching with the plume shape
for the full-scale rocket parameters was obtained for each
altitude condition, as can be seen in Fig. I-1. As a further

check on the adequacy of the simulation, plume boundaries were
calculated for the full-scale nozzle and model nozzle parameters
for the jet exhausting into a supersonic stream. These solutions?2
were obtained on an IBM 7094 computer. The close matching
obtained for enveloping flows of Mach numbers 1.5, 2, 4, and 6 is
shown for a pressure altitude of 100, 000 ft in Fig. I-2.

. The pertinent parameters for the full-scale and model nozzles

are shown in Fig. I-3. Model scale was 10 percent, and it can
be seen that exit diameter and divergence angle are the only
geometrical parameters retained in the model scaling,

2R. J. Prozan. "PMS Jet Wake Study Program LMSC External
Flow Jet Wake Program.

" Lockheed Aircraft Corporation,

LMSC 919901, October 9, 1961.

22



20
18
.16
14

12
YR

10

AEPC-TR-66-74

: //,—T i
- Y

\(( R |

/\t_'_x'—_ | ]
PlumeT‘“"“
Boundary

Altitude, ft x 107 -

125 l

100 s I

75

—
-
——
-

50 !

25 il

————— ——
—r Tl

Method of Characteristics Solution
Full-Scale Nozzle Parameters |
————-Model Nozzle Parameters 1

i | 1 1 1 l - L 1 1 ] ] 1 |

2 4 6 8 10 12 14
XIR

Fig. {-1 Jet Plume Simulation in Quiescent Air

23



be

YR

14

12

10

o’ i /,, 4
V. /, =]
// ,/
// // i 6
P =5 .
V.- <~
2. 7 = .
27 27 _=F
/’// Py~ -
,/// /,/ ///’ _
v/ p/ s~
o, - -
/5/ // /, .« ge . T
W P Method of Characteristics Solutions
y /s
§ 77 Full-Scale Nozzle Parameters 7
————— Model Nozzle Parameters _
] 1 | { . I L | ] 1 [ ] | |
2 4 6 8 10 12 14
XIR

Fig. I-2 Jet Plume Simulation in o Supersonic Flow Field, Altitude = 100,000 #

¥L-99°¥1 -2Q3V



AEDC-TR-66-74

«—— 1. (B0
0.568—
Ar._ L /
I 1. 060 Mj =215
Diam
i = 1.40
0.875 Diam 0.767 Y )

Diam p. = variable

'
: { \
0.}25—[{\ 31\40 27 »

Model Nozzle

All Dimensions in Inches

’ Mj - 2.83
; 10. 60
4. 78 Diam Diam Yy = 1.3 .
l pc = 1570 psia
14927°
i1 30—™

Full-Scale Nozzle

Fig. 1-3 Details of Nozzle Contours

25



UNCLASSIFIED

Security Classification

DOCUMENT CONTROL DATA - R&D

(Security clasaitication of title. body of abatract and Indoxing snnotation muat be entered when the overall report 10 clessitiod)

1. ORIGINATIN G ACTIVITY (Corporate author) 2a. REPORT SECURITY C LASSIFICATION
Arnold Engineering Development Center UNCLASSIFIED

ARO, Inc, Operating Contractor 2b GROUR

Arnold Air Force Station, Tennessee N/A

3. REFORT TITLE

FORCE TESTS ON A SEPARABLE-NOSE CREW ESCAPE CAPSULE WITH COLD FLOW
ROCKET JET SIMULATION AT MACH NUMBERS 1.5 THROUGH 6

4 OESCRIPTIVE NOTES (Typa of report and inclueive datas)

Phase I

5. AUTHOR(S) (Last name. lizat name, Initial)

Jenke, Leroy M., Jones, Jerry H., and Myers, A. W,, ARO, Inc.

8. REPORTY DATE Ta&. TOTAL NO, OF PAGKS 7b. NGO CF REFS
April 1966 31 2
8a CONTRACT OR GRANT NO. 94. ORIGINATOR'S REPORAT NUMBER(S)
AF 40{(600)-1200
b. PROJECT NO. AEDC-TR-66-74
1362
c. program Element 62405364 96 ‘%"r:i’:.pROETPORT NO(S) (Any other numbera that may be sasigned
| N/A

11. SUPPLEMENTARY NOTES 12. SPONBORING MILITARY ACTIVITY
Air Force Flight Dynamics Laboratory
N/A Air Force Systems Command
Wright-Patterson AFB, Ohio

13 ABSTRACT

Static force tests were conducted in the 40-in, supersonic
tunnel of the von Karman Gas Dynamics Facility on a separable-
nose crew escape capsule having cold flow simulation of the sepa-
ration rocket jet plume. Data were obtained at Mach numbers
from 1.5 to 6 at angles of attack from -30 to 30 deg and angles
of sideslip from -15 to 15 deg. Reynolds numbeg, based on a
model length of 18.1 in,, ranged from 1.36 x 10° to 12.3 x 106,
Selected results are presented showing the effects of the rocket

exhaust jet on the static stability and drag characteristics of
the vehicle, (U)

DD .5, 1473 UNCLASSIFIED
Security Classification




UNCLASSIFIED

Security Classification

14
KEY WORDS

LINK A LINK B LINK C

ROLE wT ROLE WT ADLE wT

F-104

escape capsules
force tests
supersonic flow
static stability characteristics
drag characteristics
wind tunnel testing

7 -

. =
S

Z
,_}2’4’7 g

-

INSTRUCTIONS

1, ORIGINATING ACTIVITY: Enter the name and address
of the contractor, subcontractor, grantee, Department of De-
fense actlvity or other arganization (carporete author) issuing
the report.

2a. REPORT SBECURTY CLASSIFICATION: Enter the over-
all securlty classification of the report. Indicate whether
“Restricted Deta®’ is included. Marking 18 to be in accord-
ance with appropriate security regulations.

25. GROUP: Automatic downgrading is specified In DoD Di-
rective 5200,10 and Armed Forces Industriel Manual. Enter
the group number. Also, when applicable, show that optional
markings have been used for Group 3 and Group 4 as author-
ized.

3. REPORT TITLE: Enter the complete report title in all
capital letters, Titles in all cases should be unclassified.
If a meeningful title cannot be selected without classifica-
tion, show title clasaification in all capitala in parenthesis
immedintely following the title.

4. DESCRIPTIVE NOTES: If appropriate, enter the type of
report, e.g., interim, progress, suromary, annual, or final.
Give the inclusive dates when 8 specific reporting period is
covered.

5. AUTHOR(S): Enter tha name(s) of suthor(s) as shown on
or in the report. Entel last name, first name, middle initial.
If malitary, show rank and branch of service. The name of
the principal airthor iy an absolute minimum requirement.

6. REPORT DATZ: Enter the date of the report as day,
month, year; or month, year. If mote than one dete sppears
on the report, use date of publicatian,

7a. TOTAL NUMBER OF PAGES: The total page count
should follow nomal pegination procedures, i.e., enter the
aumber of pages contalning information

75. NUMEBER OF REFERENCES Enter the total number of
references cited in the report.

8a. .CONTRACT OR GRANT NUMBER: If appropriante, enter
the applicable number of the contract or grant under which
the report was written.

8b, 8c, & 8d. PROJECT NUMBER: Enter the appropriate
military department identiflcation, such as project number,
subproject number, system numbers, task number, etc.

9a. ORIGINATOR'S REPORT NUMBER(S): Enter the offi-
cial report number by which the document wilt be identified
snd contrclied by the originating activity. This number must
be unique to this report. .
95. OTHER REPORT NUMBER(S): If the report has been
assigned any other report numbers (either by the originator

or by the gponscr), also enter this number(s).

10.  AVAILABILITY/LIMITATION NOTICES: Enter any lim-
itations on fwther dissemination of the report, other than those

imposed by securlty classification, using standard statements
such as:

(1} *'Qualified requestera may obtain copies of this
report from DDC."’

(2) ‘"*Foreign announcement and digsemination of this
report by DDC is not authorized.’*

(3) ''U. S. Government agencies may obtain copies of
this report directly from DDC. Other qualified DDC
usera shall request through

”

(4) *'U. S. military agencles may obtain copies of this
report directly from DDC. Other qualified users
shall request through

. "

(5) “All diatribution of this report is controlled Qual-

ified DDC users shall request through

10
L]

If the report hae been furnished to the Office of Technlcal
Services, Department of Commerce, for sale to the public, indi-
cate this fact and enter the price, if known

1l. SUPPLEMENTARY NOTES: Use for additional explana-
tory notes.

12, SPONSORING MILITARY ACTIVITY: Enter the name of
t.he departmental project offize or laboratory sponaoring (pay-
ing for) the research and development, Include eddress.

13. ABSTRACT: Enater an abstract giving a brief and factual
summary of the document indicative of the report, even though
it :nay also appear elsewhere in the body of the technical re-
port. If additional space is required, s continuatlon sheet shall
be attached.

* It is highly desirable that the abstract of classified seports
be unclassified. Each paragraph of the abstract shall end with
an indication of the military security classification of the in-
formation in the paragraph, represented as (T5), (S). (C). or (U).

There is no limitation on the length of the abstract. How-
ever, the suggested fength is from 150 t> 225 words.

14. KEY WORDS: Key words are technically meaningful terms
or short phrases that characterize a report and mey be used an
index entries for cataloging the report. Key words must be
selected 8o that no security classification is required. Identi-
fiers, such as equipment model designation, trade name, military
project code name, geographic location, may be used as key
words but will be {ollowed by an indication of technical cen-
text. The assignment of links, rules, and weights is optional.

SIFIED

Security Classification



