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FOREWORD

The work reported herein was done at the request of the Atomic
Energy Commission for the Martin Company, Baltimore Division,
under Program Area 921D, AEC Activity Number 04-30-13-01. 2.

The test results presented herein were obtained by ARO, Inc.
(a subsidiary of Sverdrup & Parcel and Associates, Inc.), contract
operator of the Arnold Engineering Development Center (AEDC), Air
Force Systems Command (AFSC), Arnold Air Force Station, Tennessee,
under Contract AF40(600)-1200. The tests were conducted from
January 9 to 13, 1967, under ARO Project No. VB1746, and the manu-
script was submitted for publication on March 13, 1967.

der the Department of
This report may be

This technical report has been reviewed and is approved.

James N. McCready Leonard T. Glaser
Major, USAF Colonel, USAF
AF Representative, VKF Director of Test

Directorate of Test
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ABSTRACT

Selected static-stability test results of five proposed SNAP-29 fuel
block cornfigurations are presented. Testi configuration changes were
made by varying the edge shape of the basic flat plate fuel block. Tests
of 0. 25- and 0. 30-scale models were conducted at a nominal Mach num-
ber of 8, Reynolds number based on model length of 0.6 x 106, and
angles of attack from 0 to 90 deg. Resulis of model support interference
studies employing cil flow, pressure disiribution, and image-type force
data itechniques are presented.
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SECTION |
INTRODUCTION

Safety requirements dictate that the fuel block of the SNAP-29
nuclear generator remain intact during re-entry into the atmosphere
and that an accurate prediction of its impact footprint be made. A tra-
jectory analysis to determine if these requirements can be mel requires
the aerodynamic characteristics of the fuel block as inputs. The objec-
tive of the present test was to obtain the static-stability and axial-force
characteristics of several fuel block configurations at Mach number 8.

The tests were conducted in the 30-in. hypersonic tunnel (Gas
Dynamic Wind Tunnel, Hypersonic (B)) of the von Karman Gas Dynamics
Facility (VKF), AEDC. Testing was accomplished at unit Reynolds num-
bers of 0.42 x 106 and 0. 84 x 106 per foot on 0.50- and 0. 25-scale fuel
block models, respectively. The angle-of-attack range investigated was
from 0 to 90 deg at model rotation angles from 0 to 90 deg.

SECTION i
APPARATUS

-

2.1 MODELS AND SUPPORT

A total of eight models of five configurations {Fig. la) were supplied
by the Martin Company. These consisted of five 0.50-scale force
models, each with a different edge shape, two 0. 25-scale force models,
and a 0. 25-scale pressure model. All models were made of 17-4 PH
stainless steel.

The 0.50-scale force models were attached to balance attachment Sy
(Fig. 1b) which enclosed a sting-mounted balance. The models were
rotated relative to the balance attachment to provide various model rota-
tion angles while maintaining a fixed bhalance orientation. A balance
attachment image S1' was provided for addition to the model lower
surface during support interference studies. Bent stings of +12 and
-12 deg were used with these models giving an angle-of-attack range of
-20 to 33 deg.

The 0. 25-scale force models were fastened to the balance by means
of balance attachments Sg and S3 (Fig. lc), the balance being enclosed
by a sting-mounted windshield. These models were rotated relative to
the balance attachments in a manner similar to the 0. 050-scale models.
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Balance attachments S2 and S3 were used in conjunction with a straight
sting giving model angles of attack from 30 to 60 deg with S3 and 60 to
90 deg with S3. .

The pressure model lee surface was instrumented with 55 orifices
(Fig. 1d). Simulated balance attachments were provided for use in a
study of support interference on model surface pressure distribution.
The model was mounted on a bent sting and was pivoted to provide total
prebend angles of 10, 30, 50, and 80 deg giving an angle-of-attack range
from 0 to 90 deg. Another pivot was provided to give model rotation
angles of 0 and 15 deg.

2.2 WIND TUNNEL

Tunnel B is a continuous, closed-circuit, variable density wind
tunnel with an axisymmetric contoured nozzle and a 50-in. -diam test
section. The tunnel operates at a nominal Mach number of 6 or 8 at
stagnation pressures from 20 to 280 and from 50 to 800 psia, respec-
tively, at stagnation temperatures up to 1350°R. The model may be in-
jected into the tunnel for a test run and then retracted for model cooling
or model changes without interrupting the tunnel flow. A description of
the tunnel may be found in Ref. 1.

2.3 INSTRUMENTATION
2.2.1 Force

Model forces and moments were measured with a six-component,
moment-type, strain-gage balance supplied and calibrated by VKF,
Before the test, combined balance static loadings were applied, simu-
lating the model loading range anticipated during the test. The uncer-
tainties listed below correspond to the differences between the applied
loads and the values calculated by the final data reduction balance
equations,

Design Maximum
Balance Component Load Static Loads Uncertainties
Normal force, 1lb %200 +100 0.5
Pitching moment, in, -1b 680 +150 3.3
Side force, 1b +200 +50 +0.3
Yawing moment, in. -1b +680 +75 1.9
Rolling-moment, in.-1b +100 150 *1.9
Axial force, lb +50 +130 +0.5
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2,3.2 Pressure

Model surface pressures were measured with 15~psid transducers
referenced to a near vacuum. From repeat calibrations, the estimated
measurement precision was *0, 003 psi or £0, 5 percent, whichever was
greater,

2.3.3 Flow ¥isualization

Model flow field schlieren photographs were obtained for all test
conditions during the force tests. Figure 2 shows typical examples
of these photographs.

Photographs of the surface flow patterns for selected conditions
were obtained by spraying the pressure model with Zvglo Penetrant®
and illuminating it with ultraviolet light during exposure to tunnel flow,
A complete description of this technique is given in Ref. 2 and repre-
sentative results are shown in Fig. 3.

SECTION (Il
PROCEDURE

3.1 TEST CONDITIONS

A summary of test conditions is given below:

M, Re, x 10-6 g1 Pg, Psia Tqo, °R P, Psia q,. psi
7.87 0,42 70 1170 0.008 0. 33
7.91 0. 84 160 1225 0.018 0.76

3.2 TEST PROCEDURE

Tane 0.50-scale models were tested at the low unit Reynolds number
and the 0. 25-scale models at the high unit Reynolds number thereby pro-
viding a constant Reynolds number based on model size. Because of
model size, the 0.50-scale model tests were limited to a maximum angle
of attack of 35 deg to prevent tunnel blocking., The 0. 25-scale force
models were tested at angles of attack from 30 teo 90 deg, and the pres-
sure model was tested at angles of attack from 0 to 90 deg. A complete
summary of the test schedule is presented in Table I,
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TABLE |

TEST SUMMARY

Force Tests

Configuration Balance gl
Attachment 0 15 30 45 60 75 a0
Ej 51,8p,83| A,B,C*,D* | A,B,C* | A,B,C%,D* [ A,B,C+,D | A,B,C%,D| A,B,C* D { A,B,C*D
Ey S48y’ A A A A A A A
Eg 81,8253 A,B,C¥,D | A,B,C |A,B,C*D |A,BCD |ARBCHD|A B CD |ARBCD
Ea S15;" A
Ej3 Sy A,B A,B
Es3 51S1° A
E4 S1 A, B A,B
Eg 515! A
Eg 5 A,B A,B
Esg 5181 A A
A -a=-201t0+10 deg, Re, = 0.42 x 105, fi"1, 0.50-acale models
B -a= 5to35deg,
C-o= 30to60 deg, Re_ = 0.84 x 106, ft-1, 0.25-gcale models
D -0 = 60 to 80 deg, |
*Also teated at Re_ = 0.42x 106, 11
Pressure Tests
Confaguration Balance 2, deg
Attachment | 4 | 5 [ 1p| 15 | 20| 25 ]30| 40|50 |60 (70| 80| 50
E; E*| E E*| E|E |E*| E|Es|EIF|F|F
E1 51 E«| E|E| B« | E|E [E=*
Eq S E|{E {F*| E |E* | E
Ey S3 F|F|F

E - % = 0and 15 deg

F

=Y = 0 only

%01l Ftow Photographs Taken (Onty at ¥ = 0 with S Balance Attachment)
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SECTION IV
RESULTS AND DISCUSSION

Experimental determination of the aerodynamic characteristics of
a flat plate configuration with an externally mounted balance presented
the problem of assessing support interference. Three techniques were
used in the present tests to obtain qualitative and quantitative support
interference data. These consisted of model lee-side o0il flow photo-
graphs and pressure distributions and an image technique of obtaining
force data.

Examples of the oil flow photographs and pressure distributions are
shown in Fig. 3. Diminishing influence of balance attachment S; on axial
surface pressure distribution as angle of attack was increased from 0 to
15 deg was noted. A corresponding forward movement of flow separation
from the model surface was indicated by the eil flow photographs. Balance
attachments S1 and S2 produced negligible interference at 30-deg angle of
attack (lower portion of Fig. 3), and similar results were obtained at
higher angles of attack,

A quantitative evaluation of support interference effects on the force
and moment coefficients was made by the image technique which is com-
monly used in low speed wind tunnel testing. Each 0.50-scale model
was tested through a negative angle-of-attack range with and without balance
attachment image Sy' (Fig. 1lb} attached to the model. Typical results of
these tests are shown in Fig. 4. An interference correction can be made
by subtracting the difference in the coefficients at negative angle of attack
from the corresponding coefficients obtained without the image at a posi-
tive angle of attack. As can be seen, this correction was small and
limited to angles of attack less than 6 deg and was therefore neglected.

Longitudinal stability and axial-force coefficients for the five
0.50-scale configurations are shown in Fig. 3. Edge shape had a pro-
nounced effect on Cny and trim angle. Siable tirim points in the
10 < o < 20-deg range were obtained for all configurations except E1.
Axial-force coefficient increased with leading edge bluntness as expected.

Longitudinal stability and axial-force coefficients for Configura-
tions E1 and E2 for @ = 0 to 90 deg are shown in Fig. 6. The sharp in-
crease in Cyy and corresponding decrease in CA near a = 45 deg may be
attributed to shock detachment, i, e., the transition from a supersonic
to a subsonic flow field in the region between the bow shock and the body.
A similar phenomenon has been noted in the testing of blunt delta wings
(Refs. 3 and 4).
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Lift and drag coefficients and lift to drag ratio for Configurations E1
and E2 are shown in Fig. 7. Newtonian predictions for Configuration E1
were obtained using the procedure illustrated in Ref, 5 and a Newtonian
constant of 2, The agreement was fair except for Cp at high angles of
attack and L/D at low angles of attack.

Configuration E2 longitudinal stability and axial-force coefficients
for model rotation angles from 0 to 45 deg are shown in Fig. 8. The
change in effective model geometry resulting from model rotation re-
duced trim angle and axial-force coefficients. (Note that the axis sys-
tem remained fixed as the model was rotated.) Rotation angles from 45
to 90 deg produced data essentially symmetric with the v = 0 to 45-deg
data and hence are not shown,

Lateral stability and rolling-moment coefficients for Configura-
tion E2 are shown in Fig. 2. The slight nonsymmetry about ¥ = 45 deg
of the side force and rolling-moment data is attributed to the rectangular
(rather than square) shape of the model.

REFERENCES
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= 43.3 deg, 0.25-Scale Model a = 90.1 deg, 0.25-Scale Model
Configuration El’ v =20

Fig. 2 Schlieren Photographs
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Fig. 3 Axiol-Pressure Distributions and Oil Flow Photographs far Configuration Ey, y = 0
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