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FOREWORD

The work reported herein was done at the request of the Atomic
Energy Commission (AEC) for the Martin Company, Baltimore Divi-
sion, under the AEC SNAP-18 Program, AEC Activity Number
04-60-50-01. 1.

The results of the tesis presented 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 June 15
to July 16, 1966, under ARO Project No. VT1682, and the manuscript
was submitted for publication on September 13, 1966,

This technical report has been reviewed and is approved.

Donald E. Beitsch Leonard T. Glaser
Major, USAF Colonel, USAF
AF Representative, VKF Director of Test

Directorate of Test
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ABSTRACT

Static-stability and axial-force characteristics were obtained on a
10-percent sdcale model of the Nimbus B spacecraft and on'a 30-percent
scale model of the SNAP-19 nuclear generator at angles of attack from
0 to 180 deg and model roll angles from 0 to 225 deg on the Nimbus
and from -60 to 270 deg on the SNAP-19 models. Heat-transfer distri-
butions were obtained on three 30-percent scale models of the SNAP-19
generator with various fin lengths to simulate fin ablation and at angles
of attack from 0 to 90 deg and model roll angles of 0 and 30 deg. The
tests were conducted at Mach 8 at a free~stream Reynolds number of
0. 4 million per foot. Selected results are presented to illustrate the
types of data obtained.
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NOMENCLATURE

Model skin thickness, ft
Total axial-force coefficient, total axial force/q_S

Rolling-moment coefficient about model centerline,
rolling mo'ment/qws L

18
19

20
21

22
23

Pitching-moment coefficient about model moment reference

points (see Figs. la and 2a), pitching moment/q, SL

Normal-force coefficient, normal force/qu

Yawing-moment coefficient about model moment reference

points (see Figs. la and 2a), yawing moment/q_SL

Side-force coefficient, side force/q_S

Specific heat of model skin material, Btu/lbm-°R

Specific heat of air at stilling chamber conditions, Btu/lbm-°R

Enthalpy of air evaluated ai stilling chamber conditions,

Enthalpy of air evaluated at model wall conditions, Btu/lbm

Model reference lengths (see Figs, la and 2a), in.
Free-stream Mach number
Stilling chamber pressure, psia

Aerodynamic heat-transfer rate, Btu/ft2-sec
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Ao Free-stream dynamic pressure, psia

Re, Free-stream unit Reynolds number, ft7!

S Model reference areas (see Figs. la and 2a), in,2
St Stanton number

Stref Theoretical stagnation Stanton number of a 1. 22-in, -radius

hemisphere
To Stilling chamber temperature, °R
Tw Model wall temperature, °R
t Time, sec
U, Free-stream velocity, ft/sec
w Density of model material, lbp/ft3
X Axial distance along model centerline, in.
Qg Model angle of attack (independent of model roll angle), deg
é Solar paddle deflection anglé (see Fig. la), deg

oM Model roll angle about model axis, deg

Po Free-stream density, lbm/ft3

vii
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SECTION |
INTRODUCTION

The objective of the present tests was to obtain aerodynamic and
aerothermodynamic data on the Nimbus B spacecraft and SNAP-19
nuclear generator. The stability and axial-force data will be used in a
6-deg of freedom computer program to predict the trajectory and
motion-time history of the vehicles during earth re-entiry. The aero-
dynamic heating data will be used with these results to analyze the mode
of destruction of the spacecraft and generator to confirm the safety of
the system.

The tests were conducted in three phases. During the first phase,
the static-stability characteristics of various configurations of a
10-percent scale model of the Nimbus B spacecraft were obtained.
Solar paddle positions were varied, the effect of sensory ring insulation
blankets was determined, solar paddle bending moments were obtained,
and a configuration consisting of only the sensory ring and SNAP-19 was
tested. These configurations were tested at angles of attack from 0 to
180 deg and model roll angles of 0, 45, 90, 180, and 225 deg. During
the second phase, the static-stability and axial-force characteristics of
a 30-percent scale model of the SNAP-19 generator were obtained at
angles of attack from 0 to 180 deg and model roll angles from -60 to
270 deg. The effect of shorter fins, to simulate fin abiation, was also
determined. During the third phase, heat-transfer distributions were
obtained on three 30-percent scale models of the SNAP-19 generator at
angles of attack from 0 to 90 deg and model roll angles of 0 and 30 deg.

Each model had different length fins to simulate various degrees of fin
ablation.

The tests were conducted in the 50-in. hypersonic tunnel {Gas
Dynamic Wind Tunnel, Hypersonic (B)) at Mach 8 and a free-stream
unit Reynolds number of 0, 4 million per foot. The heat-transfer model
with the shortest fins was also tested at a unit Reynolds number of 1.5
million per foot.

SECTION I1
APPARATUS

2.1 WIND TUNNEL

Tunnel B is a continuous, closed-circuit, variable density wind
tunnel with an axisymmetric contoured nozzle and a 50-in, -diam test
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section. The tunnel operates at a nominal Mach number of 6 or § 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
injected 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 the Test Facilities Handbook!.

2.2 MODELS AND SUPPORT
2.2.1 Nimbus Force Model

A 10-percent scale, stainless steel model of the Nimbus Spacecraft
was furnished by the Martin Company. A sketch of the complete model
and photographs of the model components and various configurations are
shown in Fig. 1. Several interchangeable parts were used in order to
cover an angle-of-attack range from 0 to 18¢ deg with roll angles of
0, 45, 90, 180, and 225 deg. A photograph showing all the components
used in this phase of the test is shown in Fig., 1lb. The angle-of-attack
range was covered by attaching the balance to either the control housing
(0 < ag < 90 deg) or sensory ring (90 < ag < 180 deg). Model roll angles
were obtained by rolling the model on prebend adapters between the
balance and model. Windshields were used to prevent the airstream
from impinging directly on the balance water jacket.

The solar paddles were mounted on flanges so that the paddle deflec-
tion, &, could be changed in 30-deg increments. Using this scheme,
configurations with paddles off and deflections of 0, +30, £60, and
+90 deg (see Figs. la and c) were obtained. A configuration with the
paddles folded was obtained by replacing the paddles with a separate
component as shown in Fig. 1d. A configuration consisting of the
gensory ring and the SNAP-19 was a separate model (see Fig, le).

The sensory ring on each configuration had an open area, as noted
in Fig. la, which could be closed by installing steel plates which simu-
lated insulation blankets. These blankets were 0. 20 in. thick and were
installed on both the front and back sides of the sensory ring,

2,2.2 SNAP-19 Force Model

A sketch of the 30-percent scale, stainless steel model of the
SNAP-19 generator and photographs of the model and components are

lTest Facilities Handbook (5th Edition). 'von Karman Gas Dynamics
Facility, Vol. 4." Arnold Engineering Development Center, July 1963,

/
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shqvi{n in Fig, 2. Two rays of fins were interchangeable with shorter .
fins in order to determine the effect of ablated fins on the aerodynamic
characteristics of the model.

2.2.3 SNAP-19 Heat-Transfer Models

The 30~percent séale, stainiess steel heat-transfer models were
of thin-skin type of construction. Each model had different fin lengths,
as shown in Fig. 3, to simulate various degrees of fin ablation. Thermo-
couples were located along three fins, the centerbody, and the nose.
The model with the shortest fins had 78 thermocouples, whereas the
other two models had 98 thermocouples each.

2.3 INSTRUMENTATION
2.3.1 Force Tests

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

—

. . Maximum
Balance Component Design Load Static Loads Uncertainties
- Nimbus SNAP-19 Nimbus SNAP-19 Nimbus SNAP-19
Normal force, 1b - 400 80 80 20 +0.36  0.21
Pitching moment, in. -1b 1400 300 330 40 1,82 +0.52
Side force, 1b 200 80 40 20 10, 30 10, 16
Yawing moment, in, -lb 700 300 160 40 +1.65 10, 54
Rolling moment, in, -lb 50 25 100 10 +0.68 +0, 09

Axial force, 1b X 50 30 50 20 +0.15 +0.13

Bending moments on the Nimbus paddle supports were measured with
two full bridges of high temperature strain gages. The gages were in-
stalled on the supporting rod inside the control housing by the Martin
Company and calibrated by VKF. The bending-moment data were
subject to temperature zero-shifts during a run and are being analyzed
by the Martin Company.
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2.3.2 Heat-Transfer Tests

The heat-transfer model surface temperature was measured with
thermocouples welded to the model inner surfaces and fin leeward
surfaces. Thermocouple outputs were recorded on magnetic tape, at
a rate of 20 times per second, from the start of the injection cycle
until about 5 sec after the model reached the tunnel centerline. From
calibrations of a typical thermocouple wire and a knowledge of the
system sensitivity and noise level, the precision of the VKF tempera-
ture recording system is estimated to have been +0. 2°R/sec or +2 per-
cent, whichever was greater.

Model flow field schlieren photographs were obtained during all
tests. Figure 4 shows typical photographs.

SECTION 11
PROCEDURE

3.1 TEST PROCEDURE

The tests were conducted at the following conditions:

M, Po, Psia Tos °R 4., Psia Re, x 1078 5-1
7,86 : 70 1170 0. 35 0.4
7.95 300 1270 1.42 1.5

All models were tested at the first test condition, and in addition, one
heat-transfer model {Configuration 3, Fig. 3d} was tested at the second
test condition,

3.2 DATA REDUCTION

Aerodynamic heating rates were calculated using temperature-time
data in the relation

q = whedTy/dt

which neglects conduction and radiation losses. An evaluation of the
specific heat, ¢, of a sample of the model material, Inconel 600, indi-
cated that ¢ was constant, 0,113 Btu/lbm-°R, up to a temperature of
760°R which was higher than the maximum model temperature encountered
during the tests. The density, w, of the model material was 526 lbp, /ft3.
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The heat-transfer data presented in this report were evaluated at
t = 0. 25 sec after the model reached tunnel centerline. At this time
the model flow field was well established, and conduction errors were
minimum. '

Stanton numbers were computed from the relation
St = g/p, ux{Ho - Hy). These values were then normalized by a
theoretical Stanton number, Stref, computed from the Fay and Riddell
theory for the stagnation point of a sphere having the same radius as
the generator end plate (1,22 in.).

SECTION IV
RESULTS AND DISCUSSION

4.1 NIMBUS FORCE TEST

The aerodynamic characteristics of the Nimbus spacecraft without
insulation blankets and with zero solar paddle deflection {6 = 0) are
shown in Fig, 5. The longitudinal stability data presented in Fig, 5a
show that this configuration had a stable trim point at ag = 0 for
¢\ = 0'and 45 deg. Decreases in the magnitude of CA; occurred at
50 < @g < 170 deg with increasing ¢pf caused by the SNAP-19 becoming
less windward. Lateral stability characteristics are shown in Fig. 5b.
Large negative rolling moments were obtained near ag = 75 and 280 deg

with ¢pp = 45 deg.

4,2 SNAP.19 FORCE TEST

The aerodynamic characteristics of the SNAP-19 generator with
nonablated fins are shown in Fig., 6. The longitudinal stability data for
this configuration, Fig. 6a, indicate stable trim points for ¢p; = 0 at
angles of attack of approximately 20, 80, and 280 deg. Model roll ‘
angles of 45 and 90 deg resulted in relatively large rolling moments as
shown in Fig. 6b. '

4.3 SNAP-19 HEAT-TRANSFER TEST

Typical heat-transfer distributions on the SNAP-19 generator
centerbody with nonablated fins are shown in Fig. 7a. The upper portion
of the figure shows that the maximum heat rate along this ray of the
centerbody occurred at x = 5.7 in. and at ag = 30 deg. The magnitude of



AEDC-TR-66-194

the maximum rate was 1.7 times the theoretical stagnaticn heating rate
on a 1. 22-in, -radius hemisphere. The data at this model station,

x = 5.7 in., are crossplotted in the lower portion of Fig. 7a to illustrate
the effect of model roll angle. At ag = 30 deg, the maximum rate at
this model station increased to 2. 3 times the stagnation rate as the
model was rolled to ¢ = 30 deg.

Heat-transfer distribution along a fin on this configuration at
¢pg = O is presented in Fig. Tb. At ag = 0, heating rates up to 5.4 times
the reference hemisphere stagnation value were obtained near the lead-
ing edge of the front fin. This value is indicative of the stagnation point
heating rate on the fin since the thermocouple was located only 0. 10 in.
from the leading edge. The maximum heating rates on the rear fin

were approximately 2.5 times the reference hemisphere stagnation
value.
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Item No, Description
1 Six-Component 400-1b Balance
2 Balance Water Jacket
3-4 Windshields
5 Basic Nimbus Model with SNAP-19
6-7 Regular Solar Paddles
8 Modified Solar Paddle to Allow for Sting Clear-
ance at ¢y = 90 deg
9 Folded Solar Paddles
10-11 Insulation Blankets
12 Sensory Ring (Snap-19 Shown on Item 5)
13-14 Prebend Adapters for Sensory Ring Only
15 Fuel Tank Dome for Sensory Ring
16-17 Prebend Adapters for Nimbus Control Housing
18 Water Jacket to Model Adapter
19 2.25-in.-Long Extension for Nimbus with Folded
Solar Paddles
20-21 Prebend Adapters for Nimbus Sensory Ring
22 Instrumented Solar Paddle Support Beam for Ob-
taining Beam Bending Moments
23 Calibration Body for Item 22

b. Photograph Showing Model and Components
Fig. 1 Continued



c.

Photograph of Assembled Model, 5 = 60 deg
Fig- 1 Continved

v61-99-41-2403V
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d. Photograph Showing the Solar Paddles Folded
Fig. 1 Continued
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e.

Photograph Showing Sensory Ring-SNAP-19 Configuration
Fig. 1T Concluded

v61-99-44-2A3VY
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Description

Six-Component 80-1b Balance

Balance Water Jacket

Windshield

90-deg Balance-Model Adapter

SNAP-19 Force Model

Model-Windshield Fairing for Forward End of Model
Model-Windshield Fairing for Aft End of Model
Interchangeable Fins

b. Photograph of Model and Components
Fig. 2 Concluded
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b. Photograph of Models
Fig. 3 Concluded
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a. a_=45deg, by = 0,5 = +90 deg
Fig. 4 Typical Schlieren Photographs of Nimbus Model

16
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b. a_ =159 deg, &, = 180 deg, & = =60 deg
Fig. 4 Concluded
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