: lr '
. "
. .,

1} a'a

Ny
o

r v
R - ’
O S
.4 T ‘“ ‘e’

. r‘:rsr
g

. !r‘.’ ! b
§ . NN
- 2t -. 4.

Ty "

6 Fi

2- A136824

MEMORANDUM REPORT ARBRL-MR-03325
(Supersedes IMR No. 794)
E
PRESSURE MEASUREMENTS IN A RAPIDLY
~ ROTATING AND CONING, HIGHLY
VISCOUS FLUID

|
Michae! J. Nusca

William P. D'Amico ™~ 5,..,
William G. Beims X ;T:.fw

November 1983

US ARMY ARMAMENT RESEARCH AND  DEVELOPMENT  CENTER
BALLISTIC RESEARCH LABORATORY

ABERDEEN PROVING GROUND, MARYLAND

Iale ™y
e

LE

i
)
{

ul

Approved for public release; distribution unlimited.

A0030108214.




REPRODUCTION QUALITY NOTICE

This document is the best quality available. The copy furnished
to DTIC contained pages that may have the following quaiity
problems:

o Pages smaller or larger than normai.
» Pages with background color or light colored printing.
+ Pages with smalil type or poor printing; and or

e« Pages with continuous tone material or color
photographs.

Due to various output media available these conditions may or
may not cause poor legibility in the microfiche or hardcopy output
you receive.

If this block is checked. the copy furnished to DTIC
contained pages with color printing, that when reproduced in
Black and White, may change detail of the originai copy.

This document contains
blank pages that were
not filmed




REPRODUCTION QUALITY NOTICE

This document is the best quality available. The copy furnished
to DTIC contained pages that may have the following quality

problems:

Pages smaller or farger than normali.

Pages with background color or light coiored printing.

Pages with smalil type or poor printing; and or

e Pages with continuous tone material or color
photographs.

Due to various output media available these conditions may or
may not cause poor legibility in the microfiche or hardcopy output

you receive.

If this block is checked, the copy fumished to DTIC
contained pages with color printing, that when reproduced in
Black and White, may change detail of the original copy.




.
A N
AN S

‘e
St

« s,
ate el
LN I

LV e

O #
"l"nt

23

a 4

.
o.. - :

.. N .
. PR
ot 'n et

I Y e

o

et MR S

Destroy this report when it is no longer needed.
Do nct return it to the originator.

Additional copies of this repnrt may be obtained
from the National Technical I.itormation Service,

U. S. Department of Commerce, Springfield, Virginia
22161. :

The findings in this report are not to be construed as
an official Department of the Army position, unless
so designated by other authorized documents.

o~ ~ s
T8 use of trade -ames or mpwfacturers’' nomes in this repo st
daa not constitute inioreemer: of vy commascial product.




UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE (Whent Deta Entered)
REPORT DOCUKENTATION PAGE - o READ INSTRUCTIONS
1. REPORT NUMBER 2. GOVT ACCESSION NO.| 3. RECIPIENT'S CATALOG NUMBER
MEMORANDUM REPORT ARBRL-MP-03325 AI-A13G 92 ¢
4 TITLE (and Subtitie) 7 5. TYPE OF REPORT a PERIOD COVERED

PRESSURE MEASUREMENTS IN A RAPIDLY ROTATING

AND CONING, HIGHLY VISCOUS FLUID Final

6. PERFORMING ORG. REPORT NUMBER

7. AUTHOR(a) 8. CONTRAGCT OR GRANT NUMBER(s)

Michael J. Nusca
William P. D'Amico
William G. Beims

9. PERFORMING ORGANIZATION NAME AND ADDR®ESS 10. PROGRAM ELEMENT, PROJECT, TASK

AREA & WORK UNIT HRUMBERS
U.S. Army Ballistic Research Laboratory, ARDC
ATTN: DRSMC-BLL(A)

Aberdeen Proving Ground, Maryland 21005 RDT&E 1L162618AH80
11. CONTROULLING OFFICE NAME AND ADORESS 12. REPORT DATE

US Army AMCCOM, ARDC | _November 1983
Ballistic Research Laboratory, ATTN:DRSMC-BLA-S(A)[ "2 NuMserof Paces
Aberdeen Proving Ground, Maryland 21005 16

4. MONITOR.NG AGENCY NAME & ADORESS(/f different {roemn Controlling Office) 1S, SECURITY CLASS. (of thia report)

15a, DECL ASSIFICATION/DOWNGRADING
SCHEDULE

18, DISTRIBUTION STATEMENT (af thie Report)

Approved for public release; distribution unlimited.

17. OISTRIBUTION STATEMENMT (of the sbatract entered in Block 20, If different from Report)

18. SUPPLEMENTARY NOTES

This report supersedes IMR 794, dated September 1983,

19. KEY WORDS (Continue on .everee sids if necessary and identity by block number)
“coning Motion

Gyroscope Experiments

Liquid-Filled Gyroscopes

Low Reynolds Number

Rotating Liquids

20. ABSTRALT (Cartfoue an reverse stde if neceesary sod |dentify by dlock nuwmder! (bJa )

The pressure on the endwall of a rapidly rotating and coning liquid-
filled cylinder was measured. A gyroscope was used to generate the spin and
coning motion. The Reynolds number based upon the radius, gyroscope spin,
and liquid kinematic viscositv was 8.8.

DO ,:2:“_" 1473 €Dt 10M OF 1 MOV 6315 OBSOLETE UNCLASSIFIED

SECUMTY CLASSIFICATION QF THIS PAGE (When Data Entered)




”l
!
:
B
é
<
A
3
L
P4l
%
ot

i MO

A PN NN LS ARLSY 7

SN L OSBRSS RS S A

[N

LN

[}

.......
o, v,

P
------

.....

.....

I.
Il.

III.

Iv.

TABLE OF CONTENTS
Page

INTRODUCTION. « e v veenenenenenensnsnenencncnesnsmecnsensncncnenees 5
DESCRIPTION OF EXPERIMENT.cveesececoracssnasssesosssanssassnssecene 5
Table 1. Voltage Measurement Relationships (Ref. 8)eececsarccevces 7
EXPERIMENTAL T T |
Table 2. Test CONAitioNSeeceeeseereeseresessnvoosensesscasscrssees 8
Table 3. Experimental ReSuUltS.ceeicececcessccscoccssocososcosonnancs 8

SUMMARYD....‘..Cl..‘..'l...‘..'l..;'..tl.OOODGQp;HQQOCCOOCOOO0'...' 9

' REFERENCESIO..QQno.occototo.'o.coooao..oooocnlooolocol"ooclotoaccc fl3

DISTRIBUTION LIST.QC0000c.ol'oco-b..lo.ootnttoocooo.c.sou.oo-tooo-o. 15

I *2-,~351cn For
CBTIS GRAGI ’rz/é‘
© U n{l2 TAB

Lastunsnass -
Juatiicatlon
3

-

or:¢ v .
D'.ot.rl_h'tnril.tu/___ﬁ .
Availnnility 8-lew
T avetd mazer
Mat Special .

xi;;"*&} \
Ry

Ccomy
INSPECTED

Sy 40
e L 14

.........



%

3

[a W}

NG

& Ay
N )
PR ™

B
6 et

P SRR R
‘A‘A'- ’1‘ . R R
ST, P UPAY
A acee e e

DR vere,
TR P
Tt PRI

-

LI
.

v

B+ 1 TS

... . . e e
T PR
b SO

' 's

) -)‘. .
el LakR L0

-

I. INTRODUCTION

Most of the research conducted on the stability and motion of spinning
liquid-filled containers is for cases where the rotational force is much
larger than the viscous force, i.e., high Reynolds number flows. The PReynolds

number 1is defined as Re = a2$/v, where a is the radius of the cylinder, & is
the spin, and v is the liquid kinematic viscosity. Yawsonde-instrumented pro-
jectiles have exhibited large yaw and rapid despin for small Reynolds (Re)
numbers: 10 < Re < 50,1°2°3°%  D'Amico has used a gyroscope to determine the
1iquid-induced yaw moment for 5 < Re < 12,000.% Also, Miller has used a spin
fixture to determine the liquid-induced roll moment for low Reynolds number.®

This study supplements previous iow Reynolds number research efforts by re-
porting pressure measurements. Unlike previous efforts where integral effects
such as yaw or despin moments were measured, the pressure measurements provide

a basis f-~~ fundamental comparisons with analytical or numerical methods for
low Reynolds number rotating flows.

[1. DESCRIPTION OF EXPERIMENT

The coning device used by Whiting, shown in Figures la and lb, was used
in these experiments,’ A detailed description of the pressure measurement

1. W. P. D'Amico and M. C. Miller, "Flight Ingtability Produced by a
Rapidly Spinning, Highly Viscous Liquid," Jourmal of Spacecraft and
Rockets, Vol. 16, No. 1, January-February 1979, pp. 62-64.

2. W. P. D'Amico, W. H. Clay, and A. Mark, "Diagnostic Tests for Wick-Type
Payloads and Highly Viscous Liquids,” US Ballistic Research Laboratory,
Aberdeen Proving Ground, Maryland, BRL Memorandum Report ARBRL-MR-02913,
April 1979 (AD A072812) .

3. W. P, D'4mico and W. H. Clay, "High Viscosity Liquid Payload Yawsonde
Data for Small Launch Yaws," US Ballistic Research Laboratory, Aberdeen
Proving Ground, Maryland, 3RL Memorandum Report ARBRL-MR-03029, June
1980 (AD A088411).

4. W. P. D'Amico and R. J. Yalamanchili, "Yawsonde Tests of the &-Inch

X877 Binary Projectile: Phase I,"” US Ballistic Research Laboratory,
Aberdeen Proving Ground, Maryland, BRL r2port in publicationm.

5. W. P. D'Amico, "Instabilities of a Gyroscope Produced by Rapidly
Rotating Highly Viscous Liquids,” US Ballistic Research Laboratory,
Aberdeen Proving Sround, Maryland, BRL Memorandum Report ARBRL-MR-03285,
June 1983 (A2 A13C274),

6. Miles C. Miller, "Flight Instabilities of Spinning Projectiles Having
Non-Ri3id Payloads,” Jourmal of Suidance, Control, and Dynamics, Vol. &,
March-April 1952, pp. 151-157.

7. Richard 0. Whiting, "An Ezxperimental Study of Forced Asywmetric
Dseillations in a Rotating Liquid-Filled Zylinder'Us Ballistic Research
Laboratory, Aberdeen Proving Ground, Maryland, BRL Technizal Report
ARBRL-TR-0237%, Octobar 1381 (AD A107948) .
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system and the data reduction is located in Reference 7, but a review will be
made here. The cylinder was filled to 100% with a silicon 0il (kinematic vis-
cosity (v) of 60,000 cs and density (p) of 0.979 gm/cc), and all spinning
parts were dynamically balanced. The rotor was inclined to the vertical at a
known angle (e) .and held in place by a bushing that rested in a cam which was
driven by a DC motor. The cylinder was spun by a DC motor (83.3 Hz), and the
liquid was allowed to achieve a rigid body rotation. For a preselected pre-
cession freguency, sufficient time was allowed for a steady coning motion to
occur., Hence, the cylinder is in constant angle, steady coning motion. The
oscillatory, steady state pressures of the liquid were then measured. Two
miniature pressure transducers were embedded into an insert that formed the
bot*om endwall of the cylinder which was located within the rotor., These
transducers measured the absolute pressure of the liquid within the cylinder.

Figure 2 provides a schematic of the pressure measurement/telemetry sys-
tem. The voltage outputs from the pressure transducers were amplified for
telemetry. The gain of the amplifiers was typically 700 for frequencies be-
tween 50-100 Hz, The amplified outputs were in turn fed to voltage controlled
osciliators (VCO's or subcarrier oscillators), mixed, and telemetered by a 250
MHz transmitter. The amplified pressure signals were recovered by .sing a
receiver and two discriminators. It would then have been possible to digitize
the data. However, since it was anticipated that the pressure response would
be sinusoidal, a spectrum analyzer was used to determine frequency and ampli-
tude components. A Hewlett-Packard 3582A spectrum analyzer was used. The
output of the analyzer (which is volts rms) was read by a Hewlett-Packard
98458 computer via an [EEE-488 instrument bus and stored for further pro-
cessing. The data were converted from volts rms to volts, rescaled by the
amplifier gain, and translated into pressure by a previously determined
calibration, Table 1 establishes terminology and conventions for pressure
amplitudes.® Previous comparisons between computed pressures by Murphy?® and
Gerder et all0 for high Reynolds numbers and this measurement system have been

consistent,

8. J. D. Lenk, Handbook of Practical Electronic Tests and Measurements,
Prentice-Hall Inz., Engiewood Cliffs, Naw Jersey, 1969,

9. Charlcg H. Murphy, "Anqular Motion of a Spinning Projectile With a
Vigcous Liquid Payload,” 'S 3dallistic Regsearch Laboratory, Aberdazes.
Proving Ground, Maryland, BRL Memorandum Report ARBRL-MR-03194, August
1982, 4D A118676. (See also Journal of Juidance, Control, and Dynamics,
Vol. 6, July-August 1983, pp. 280-256.,

10. N. Gerber, R. Sedney, and J. M. Bartos, "Przssure Moment on a Ligquid-
Filled Projectile: Solid Body Rotation,” S Ballistic Research
Laboratory, Aberdeen Proving Ground, Maryland, BRL Technical Report
ARBRL-TR-02422, October 1982 (AD A120567).
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TABLE 1. VOLTAGE MEASUREMENT RELATIONSHIPS (REF, 8)
Given Effective
+ Average (RMS) Peak Peak~-to~-Peak
Average == o a==-- 1.11 i1.57 3.14
Effective
(RMS) - 0,900 ——— 1.411 2.831
Peak 0.637 0.707 —e--- 2,00
Peak~-to-Peak 0.3181 0.3541 0.500  ee-e-
+ = = = = - -~ g T o S ot e e
(+) MAXIMUM oo el :::__________T-‘F'Emvs} -~
+0.637 E57 7T Y AVERAGE } (RMS) PEAK-T
- 7 -TO-PEAK
________ N ---- /3 AVERAGE c
-0.637 T PEAK
(=) MAXIMUM [o========" oS

For the present set of experiments, pressures were measured from a single
transducer (radial location of 21.2 mm). The coning angle was fixed at 2.00
degrees. The directicn of the precession is controllable. A positive sense
ijs considered to be in the direction of spin, which is typical for spin-
stabilized projectiles, but data were tcken for both positive and negative
senses, The spin rate was held constant, while the coning frequency (and
direction) were varied. The ratio of the coning frequency to the spin fre-
quency is defined as t and had the following range: -0.15 < t < 0.15. A

single cylinder with a height and diameter of 19.99 cm and 6.35 cm,
respectively, was used (aspect ratio {c/a) = 3.148).
I11. EXPERIMENTAL RESULTS

The experimental conditions and results are listed in Tables 2 and 3.

Results are plotted in Figure 3 for pressure coefficient versus . Pressures

and pressure coeff.cients w<ere obtained as follows:

’ Amplitude(v rms)x(1.411 v/v rms)=Pressure Calibration (dynes/cm?2)
P(dynes/cm?2) =

Amplifier Gain

and P{dynes/cm2)

p e p a2 32

...........................

.................
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% | TABLE 2. TEST CONDITIONS
n
)
[TA

spin = 83.3 Hz
E“ Coning angle = 2.00 degrees
o
2 Fill ratio = 100%
i Cylinder height = 19.99 cm
1:* Cylinder diameter- = 6,35 cm
I
By Nominal fluid viscosity = 60,000 cs

Nomindl fluid density 0.979 gm/cc

Pressure calibration = (.2232 psi/mv

Piiata” LY

.l.‘S

= 69.75 dynes/cm2/mv

e
[

Amplifier gain = 710.0

2.

K )

4

AR AR Y

TL\BLE 3. EXPERIMENTAL RESULTS

L

}:

-

= Spin Coning

‘ u Period Period Amplitude Pressure

o (ms) (ms) T (volts rms) (dynes/cm2) Cp
=

- 12.0 84.00 .1429 .494 1.51 x 104 .160
) 12.0 90.00 .1333 .460 1.41 x 104 .149
= 12.0 106. 0C .1200 411 1.26 x 104 .133
! 12.0 120,20 | .1000 .332 1.02 x 104 .107
- 12.0 150,00 | .0800 . 261 8.00 x 103 .084
o 12.0 175.00 | .0686 .226 6.93 x 103 .073
” 12.0 -240.00 | ° -.0500 .144 4.41 x 103 .047
o 12.0 -200.00 |  -.0600 .170 5.21 x 103 .055
i 12.0 -175.00 |  -.U0686 .193 5.92 x 103 062
} 12.0 -150.00 |  -.0800 .217 6.65 x 103 .070
= 12,0 . -120.00 | -.1000 .267 8.18 x 103 .086
2 12.0 .100,00 | -.1200 .317 3,72 x 103 .103
- 12.0 -90.00 P =.1333 . 345 1.06 x 104 L112
i 120 -84,00 | -.1429 371 1.14 x 104 .120
I i 8

- |
g}".-.-‘w""".-rf‘*":‘J""#I#‘!J"\\ e e T T T e e




(Sl SRV S SEE N I

AT A A SRR T Y T e "o

At T LT T AN L.t

a1 s BR e MES .6 .4

Te e A

e e — -

The data in Fiqure 3 indicate that Cp varies 1iﬁear1y with 1. The data
p = 1.153 © + .008,
retrograde motion Cp = (0.7823 t + .008. This response curve is not typical

has been fit with the following results: prograde motion C

for high Reynolds numbers rotating flows. Typically, rotating liquids support
waves and an interaction between a wave frequency {an eigenfrequency) and the
coning frequency produce a resonant type response where the pressure (and
resulting destabilizing moments) become large over a very small range of r.
Response curves similar to Figure 3 were observed by D'Amico for 10 < Re < 100
for yaw moments. Murphy? has suggested that both low and high Reynolds number
response stem from the same phencmena, For low Reynolds numbers, however,
large viscous dissipation flattens the response curve over the experimental
range of coning frequencies and yields a seemingly linear behavior for small
Ta Such a conjecture may be difficult to investigate analytically, since
rapid coning freguencies are difficult to achieve. However, this thesis could
be tested using three dimensional, incompressible Navier-Stokes codes that are
currently under deveiopment. !l

IV.  SUMMARY

The pressure on the endwall of a rapidly rotating and coning cylinder was
measured for a Reynolds number of 8.8. Prograde and retrograde coning motion
yielded pressure coefficients that varied linearly with the dimensionless
coning frequency. These are the only pressure data that are available for a
direct comparison with analytical or numerical methods at iow Reynolds
number, Previously, only yaw or despin moments were measured.

11, S. R. Chakravarthy, "Jpwind Schemes for the WNavier-Stokes Equations
Goverming Fluid Motiom 1in Spinmning Shells,” BRL Contractor preport in
publication. '
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USER EVALUATION OF REPORT
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Please take a few minutes to answer the questions below; tear out
this sheet, fold as indicated, staple or tape closed, and place
in the mail. Your comments will provide us with information for
improving future reports.

1. BRL Report Number

2. Does this report satisfy a need? (Comment on purpose, related
project, or other area of interest for which report will be used.)

3. How, specifically, is the report being used? (Information
source, design data or procedure, management procedure, source of
ideas, etc.)

4. Has the information in thiz report led to any quantitative
savings as far as man-hours/contract dollars saved, operating costs
avoided, efficiencies achieved, etc.? If so, please elaborate.

5. General Comments (Indicate what you think should be changed to
make this report and future reports of this type more rersponsive
to your needs, more usable, improve readability, etc.)
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6. If you would like to be contacted by the personnel who prepared
this report to raise specific questions or discuss the topic,
please fill in the following information.

Name:

Telephone Number:

Organization Address:
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