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This document Is the property of the United States 
Government.  It is furnished for the duration of the contract and 
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"This publication is CONFIDENTIAL and shall be safe- 
gnarded in accordance with the security provisions of 
the U. S. Nsvy Regulations and the provisions of appli- 
cable Federal Statutes and Executive Orders for Safe- 
guarding Classified Information. As stated in Article 
0906.3 of OPNAVINST 5510.1 B, dated 10 March 1958, 
it is forbidden to make extracts from or to copy this 
classified document without authorization." 

"This material contains information affecting the 
National Defense of the United States within the 
meaning of the Espionage Laws, title 18, U.S.C., 
Sections- 793 and 794, the transmission or revelation 
of which in any manner to an unauthorized person is 
prohibited by law." 
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OF PBOJÄCT HOTPOIHT 

Prepared by; 

I. Shantz 
'. J. DeMeritte 

R. Groves 

ABSTRACT:  Results are presented in this report of a wind- 
tunnel inveetlfEtlon conducted to obtain dasping-in-pltch 
■sasureaents of several proposed configurations of Projsct 
Hotpolnt.  The models were tested at Mach niusbers 0.90 and 
0.93. The uafalrod sine shape indicated no daaplng below 
ten degrees angle of attack and the two faired shapes trlased 
at ten degrees angle of attack. 

ü. S. NAVAL ORDNANCE LABORATORY 
White Oak, Silver Spring, Maryland 
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This is a report on an investigation of the damping of three 
proposed versions of Project Hotpoint.  This test was per- 
formed at the request of the Underwater Ordnance Department 
(reference (a)) and was performed under task number 
732-566/62001/01. 

MELL A. PETERSON 
Captain, USN 
Commander 

R. KENNETH LOBB 
By direction 
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DAMPING TESTS OF SKVERAL PROPOSED CONFIGURATIONS 
OF PROJBCT HOTPOINT 

INTRODUCTION 

1. Hotpoint la a boab that la baisg developed by the Naval 
Ordnaoc* Laboratory for the Bureau of Ordnance. 

2. Daaplac-ln-pltch data were obtlined at Mach nunbers 0.90 
aad 0.93 on three proposed versions of the Hotpolnt weapon. 

SjrMbols 

B ♦ CM.     daaplng coefficient (- 16/v K^) C 

d saxlaun dlaaster (1.80 Inches) 

I        transverse sosent^of Inertia about the center of 
gravity (slufS-fO 

K ballistic dasping coefficient C/p^4 - ~i/16(Cu  +C,,.)) 

q dynaalc pressure (see Table I) 

ge Reynolds nusber (see Table I)(based on model length) 

t tlse (seconds) 

V velocity (ft/sec) 

a angle of attack (degrees; 

p air density (slugs/cu. ft.) 

^ iasplng coefficient (-2 I (log a/a  )zt) 

Description of the Models and instrumentation 

3.  Th« models were dynamically balanced about the scaled full- 
scale center of gravity.  A shaft whose axis was normal to the 
longitudinal axis of the model was passed through the cent*" of 
gravity and was attached to the model by means of preclsiou ball 
bearing* of very low frlctional torque.  The models were thus able 
to rotate In the pitch plane about a trarsverse axis which passes 
through the center of gravity. 
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4. The nod»!« tested were an Intern»! «tore «hap« «nd tiro 
external store shapes.  The external store shapes differed is 
leafth of fin chord.  Photograph« of the aodels are shown Is 
Figures 1, 2, and 3 and sketches of the «odeIs are shown In 
Figures 4, 5,   and 6.  All dimensions are In inches. 

5. The external store boajr is similar to the Navy Low-Drag 
Bomb in appearance.  The fins on the external store are swept- 
wing in planfora and are double wedge in cross-section.  The 
test conditions and model physical characteristics are given in 
Table X.  The model dimensions given in Table I are the actual 
measured dimensions.  The giaensions shown in Figures 4,   5,   and 
6 are the seile dimensions from the full scale hardware. 

Data Reduction 

6. The model is rotarod about the center of gravity and the 
wind tunnel is turned on.  The motion of the model is photo- 
graphed with a 16 mm movie camera.  The data reduction technique 
Is described in detail in reference (b).  Briefly the data re- 
duction consists of two phases:  reading the film and fitting 
an envelop« to the data obtained from the film.  From the film 
the angle of the model is ob**lned for dach frame of film using 
a comparator.  The time recjrd is obtained from the camera speed 
(64 frames per second).  The angular deflection plotted against 
tine yields a damped sine motion.  The envelope of the motion is 
faired.  In true harmonic damping, this envelope would be of the 

a e"      Damped harmonic motion requires that the 

restoring moment be linear; this is not always the case.  How- 
ever, by assuming the harmonic condition for small increments 
along the envelope, the damping coefficient (") can be obtained 
as a function of angular deflection by obtaining an average A 
for an average angle.  The damping coefficient (/>) Is related 
to K„ by the equation. 

RESULTS 

7. The internal store ships exhibited dynamic stability in pitch 
above angles of attack of 10 degrees but has none at angles below 
10 degrees. 

8. Both of the external store models were stable but both trimmed 
at angles of attack of + 10 degrees.  There was a large change in 
frequency with angle of attack which Indicates a non-linear re- 
storing moment. 

9. The results are tabulated in Table II. 
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Test Conditions and Model Information 

TABLK  I* 

Model 
Center of Gravity 

Length     (calibers Mach 
Cal.       from tail)        No. 

Unfaired       3.59 

Falred-short   8.15 
chord 

Faired-long    8.15 
chord 

2.28 

4.71 

4.71 

0.90 

0.90 

0.93 

Re x 10 -6 

2,5 

5.5 

5.5 

• NOTE:  Dimension» are measured values and may vary slightly 
from dimensions given in Figures 4, 5, and 6 which give 
the design dimensions. 
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Tabulated Data 

TABLE II 

Model Mach No. a  Degrees ♦ C, 

Unfaired 

Faired-Short Chord 

Falred-Loag Chord 

0.90 

0.90 

0.93 

32.7 38.5 
25.4 33.4 
20.7 25.2 
17.3 25.9 
14.8 19,6 

19.5 100.0 
16.7 104.6 
14.5 96.7 

23.7 173.9 
19.4 121.5 
16.8 95.8 
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