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L RODUCTLON

Om 10 and 11 May, 1972, the Glena L, Martin Institute of Techmology
Low Speed Wind Yumnel at the University of Maryland was utilized to provide
{nformation for saveral progrsms mov underway at the Naval Air Davelopment
Center, Full scale models of A-sire sonobuoys amd deployable decelarators --

arachutes and flocelerators -- werea tested as part of Airtask A5335330/
02%/2P04000001. Information derived from these wind tunnel tests will also

be utilized to provide preliminary data for the proposed Expendable

Reliable Acoustic Path Sonobuoy (ERAPS) and Multi-element Array Passive
Sonobuoy (MAPS), under study through Airtask A370370A/202B/r00-121-710.

Testing of the models involved simulated sonobuoy deployments at
various apeeds, high speed photographic coverage to establish flocelerator
inflation times, and compilation of drag data to uutermine appropriate
drag areas (Cp3) of the proposed systems. Backgroumnd information as to
the development of these sonobuoy systems can be found in references (a),
(b). and (C)o ’

This report summarizes the effort {involved in the wind tunnel tests
of the various sonobuoy/decelerator systems. Freliminary rema:is regarding
the models tested are limited to discussion of type, and {llustrative
figures are provided for clarification. The tummel test set-up, data
compiled, and data reduction are also described. Resultant data are
s'mmarized in tabular form.

WIND TUNMNEL TsST SET-UP/MODEL DESCRIPTION

The Glenn L, Martin Institute of Techmnology Low Speed Wind Tunne’
at the University of Maryland {s of the single return, closed throat
rectangular type with a test section 7,75 feet high by 11,04 feet wide and
{s capable of speeds up to 135 feet per sscond., Located beneath ths
test section is a six componsnt yoke type balance system composed of
electrically driven automatic beam balances, Data from the balance
system is simultaneously indicared at the tunnel operator's position on
a central control console and on an illuminated number panel for plotting.
In addition, all {ndicated data arec automatically recorded in print and
IBA pumch card form. A detailed description of equipment available, data
reduction capubilities, and other pertisent wind tunnel i{information can
be found in raference (d).

The tunnel test set~-up for the flocelerator and parachute models
{s depicted in figure 1. Am A-size somobuoy body, equipped with am
MAVAIRDEVCEN (Maval Air Development Center) designed aft sonobuoy module,
was mounted on the tununel centerlimes at zero angle of attack by maans of
a strut connected to the tunnel balamce., A fa.iring, surrounding the
strut and independent of it, was moumted directly to the test section
floor. The flocerators and parachute models were tested trailimg the
sonobuoy body after simulated deployment at various tunnel speeds.
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Simuiated deployment was accomplished by packaging the flocelerator/
parachute model in & drogue-bag, which in turn was housed inaside the aft
sonobuoy module. Tha drogue-bag was securad in the aft module by a steel
through pin., Actual depicyment was achieved by releasing this pix after
the desired wind tunrel speed wes attained., The drogus, free in the air-
stroam, pulled the bag out of the module releasing tha model. After
dsployment, the drogua-bag was constrained to the tunmel downstream oy

& laryvard attachud te the tunmel floor., Pigure 2 illustrates the

deployment sequence.

Tws types of treilixg flocelerators were tested: the crowa flocalera-
tor (figure 3A) and the modifiocd torpedo {figure 3B), The crown flocelera-~
tor wsc tested wita bo’~ arm attached 36 inch square parachuts and 2 12 x
42 iach cross-typ 1 a..ute, Two different fabric weights were uged in
the bag conmstructica, 7 ounce 2ad 5.4 ounce (nomimel) polychloroprene
coated mylon., The sodified torpedo flocelerator also was tested with the
two types of parachutss., However, the matarial ujed in bag constmctiion
was mot varied -- all bags consisted of the 7 ounce material with a 5.4
ounce inlet section. Im addition, one modifiel torpedo model was constructad
so thst the imlet goomatry could be varied.

Tha parschuts models comsisted of flat circular ribbon snd crocs
types and wers tested primarily to obtair drag ares (CpS) and coafficiant
(Cp). The ribbon parachutes varied in size from 7% inch dfameter to 15
inch dismeter (measured across the flats), Two sizes of cross type para-
chutes were tested, 10 x 30 {(b/L = ,333) and 12 »x 42 inch (b/L = ,285).
Particularg for the parachutes are cutlined in figure 4 for flat circular
ribbon type &zd £igure 5 for cross type.

Miscellaneous tests ware corducted on the standard A-size sonobuoy
rotochute, and on different nose shapes for the sonobuoy. The two
different nose shapas tested were the ogive shape ani the hemispherical
shaps., Dimsnsions ars given in figure &,

For completeness and accuracy of ths data, sevaral teat runs were
necessary for evaluation of the tare and interference (T/I) effects.
Since all of the models tested were symsatricel, an image set-up was
nrovi{ded for the T/I test runs, shown in figure 7. The image sst-up
congistdd of a fairing and strut, identical in size and shape %o those
used in supporting the =ci2ls in regular test runs, mounted from the
ceiling of tue tunnel test section. The actual 7/I tests imvolved re-
running certain models, usicg the image set-up, in order tn obtair data
necessary for correctad results. The data reduction and derived results
are outlined in the followinz section.

DATA REDUCTION/TEST RESULTS

A total of 35 test runs were conducted in the wind tumasl including
8 T/I runs, The reduced data from these runs is shown in figure &. For
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a clear understanding of the resulrs derived, the following paragraph
will define the nomencleture used and the procedure emplioyed for data
reduction,

The first four column2 of figure 8 denote the run and applicable T/1
run; a description of the model tested; the test velocity (V) {u ft/sec;
and the dynamic pressure (q) in 1b/£ft“, The next two columns give the
unzorrected drag for the teet and T/I runs, D snd D*. Following this is
the T/I effect. which {s found by algebraically subtracting D from D¥,
[T/1 negutive (D > D*) {m>lies that the mejority of intarference is due to
flow disruption by the faicing. T/I positive (D < D*) implies mocre
flow disruption is caused by the support strut. Although thess incer-
ference effects cculd hzve been separated, the process is long; involving
seversl more runs, and vis daamed unnaccessary for further refinzment of
the date] The corrected drag, D,, was cosputed by aigebraically sub-
tracting the T/I effect from D. By dividing Do by q the drag area {Cps)
vas found. The average drag area (Cp3) is given in the last columm.

Pigi..> 9 gives the average inflation times for the two flocelerator
types in grapnical form. The curves were constTucted by extrapolating
inflation times from the film coverage of the first eight test runs in-
volving flocelerators., Also plotted on figure 9, cre the ideal timee of
inflation calculated from the equation of zsontinuity. As can ba seen,
inflation times of the torpedo bag are very close to idesl. However,
the crown flocelerator experiences an inflation time lag of spproximately
0.2 sezonds from ideal. A plausible explanation for this lag is the lack
of an airodynemic ialet on crown flocelerators., Inflation does not bagin
until the attached parachuts is inflated, vhereas, inflation beqins
almost immediately upon deployment of thc torpedo bag.

The genersl results of the testing are summarized in figure 10, All
sivilar modals were grouped together (e.g. runs_#1 and #2 4iffer only in bag
construction materisl). An average drag area (CpS), less body effects,
was then calculated. The average drag coefficient (Un) was found by dividing
this drag area (Cp3) by a representative area (S ). Yor the flocelerators
the nominal cloth areas of the attached parachutes were uged for S. PFlat
circular ribbon parachute represencative aress were the cloth areas of
circular pieces of material with dismeters equivalent to tha ribbon
parachute "acrcas the flats'" meagsurement {figure 4)., FComival cloth &reas
vere also used for 8 in the case of cross type parachu.:s except for
runs 18 and 23, where it was noted that the nominal ares was consideradly
lees than actual. Por the nose shape runs (26, 27 end 28), t%e frontal
area of the A-sisze body was used for S. Alazo tabulated in figure 10 are
general cuvmments and observacions on each significant test run.

Pevised 24 February 1975
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DISCUSSION OF TZIST RESOLTS/COMCLUSIONS

Data obtainsd from the wimd tummal tests i{s directly spplicabls to
work beimg dome by the NAVAIRDEVCEN uader Airtsak A5335330/2025/2P04000001.
Iaformation obtaimed hos regulted im the desigm of a two-stage decaleration
system for A-size sowodbuoys., 1In tha process, a combiznction of raw—wir-
inflated floatation/decelsrsticn system (flocelarator) for A-sise somo-
bucys was also desigred. The wind tusmal dats Ges alsc baen used as
cemputer inputs for preliminary design of a variety of dece¢lzration systems
for differeat size somobuoys. A listing of the gemaral comclusions about
the tumwel test results followa:

1. The body drag coefficients (rums 26, 27, and 28) resulting from
thesa tests, more or less, coirespond tc classical (book) values for Cp
of circular cylinders (reference (e)). 1Im particular, the Cp for the ogive
nose proved superior to the others tested. This is a sigeificamt result
siace this shape is volumstrically efficient and is reported to produce
stable {m-witer trajectories. It is therefore comsidered an excellent
candidcte shape for any sonobuoy. Im additiun, these body drag ccefficieata
sTe applicalile to the proposed ERAPS amnd MAPS asystems since, for fineness
ratios (body lemgth/body disme-er) betweem 4 avd 12, the drag coefficient
is relatively constant, The finenesz ratios for ths sonobuoys umder study
fall in chis range: 7.385 for A-size; 8.727 for ERAPS (B-size store);
.15 for MAPS (C-size store).

2, Inflation times for the flocelerztors are cl=arly eatablished.
The relatiozship of actual to computed (ideal) times as shown ixm figure 9
was a significant result of the wind tummel tests, Extrapolatimg om this
data for proposed ERAPS and MAPS flocelerators should be g8 straightforward
procedure depemdent only om final systam weights,

3, The crown floceleraior is inherently more advantageous thaa the
torpado bag flocelerstor, It is sazier to fabricate, requires sigmificantly
less material, and is easier to package in the sonobuoy. This last point
wvas evidcat from the wind tunnel tests wien during the lew speed deploy~
ment sequence, the crown flocelerator, beir s sssie¢r to packuge, vas deplayed
in a wach shortor time tham the torpedo F 3. Also evident from the tests
was the fact chat the parachute (particulerly the square type) whem attached
to the torpedo bag failed to opem during several test runs. This served
to enhance the superiority of the crown flocelerator.

4, Insight as to the type of parachute (square or cross) that should
be used om a flocelerator waz also gained by these tasts, As moted in
figure 10, the flocelierators with attached cross type parachutes had a
tendency to “"wrap-up” in the tunmel, This shortcoming is dus to the way
the models wsre mounted -- the cross parachute was attached to a rigidly
moumted body. In actural flight, any temdency for a cross parachute to
"wrap~up'' weuld be translated imto a rotation of tha body. Therefors, this
“turning" observatiom cannot really be comsidered a deficiency of the
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cross parschute. Howevar, oms weakmess of the cross parachute/flocelerator
arratgamast was moted: tyimg of the suspsnsion lines to the parachute.

This area, im & couple of test runs, resulted im some parachute cloth
teers. Stitchirg the suspemsion limes shsuld correct this problem.

Saveral preblem aress councerning the square parachute were also
made apparext, Om3 was the need for s re-emforced flocelerator-parachute
attechmant necessary to sustain high opening shock forces whea deployed
at high speed. Tais re-enforcement should also be radiated out from the
bag to the suspemsiom lines., Anothar area, though omly eviden: vhan
attached to the torpedo bag flocelerator waes Lfailure of the parachute to
open, However, this problem i{s only mentioned for completensss of resgults.

Bagsed on these observations, either parachute could be used on
the crowm flocelerator. Yurther testing is required to show amy signi-
ficant differeasce during actual use,

5. Tests of the ribbon parackutes yielded drag areas consistent
with those computed from previous drop tests. However, the tummel tests
indicated a temdency for the bottom ribhon (especially on the iarger ribbom
parachute)to "curl” snd become imeffectiva at airspeeds greater tham 100
fcat per sacond, The most probable rezsom for this occurreace is that the
manufictured suspension lines were improperly sized. This is highly
probable, simce for ridbbou parachutes the suspension line lemgths should
approximately aqual 0.7 of the nomimsl flat circular diamster (referezce
(£)). Because the ribbon parachutes tested are small, this dimension is
difficult to obtain, amalytically -- the nominal dismeter could be that
dianeter as measured across corners, across the flats, or the average of
beth, Nonstheless, any final ribbon parachute selected should bs checked
in a wiad tunmel to sssure proper performance and geometry.

6. The comventional A-sizs sonobuoy rotochute test was nmot com-
pleted since the model failed during the test, BHowever, a drag ares
aversge was derived based cn the data obt&ined, Tare and interferencs
effects were assumed based cn T/I effects fcr the body rums. The result
givem im figure 10 1is ths best approximation available from the limited
data obtained, The model "failed" dua to constont rotation of the blades
vithout adequate bearing support -- causimg the blades to separate from
centrifugal force wvhem the "washer-type” beiring seized., The failcre
caused zome demags to the tunnel test section (shattering of overhsad
glass panel, chipping of side shatter-proof xlass) and fan ("sand-blast"
effect on propeller from the overhead glass particles). Repairs were
completed in a few iours and the T/I test runs commenced, Howaver, it is
racomwsnded that future wind tumael testing of rotochutes be conducted
with greater cautiom: substitutior of a thrust bearing for the washsar
type bearing and possibly a metal retaining shroud around the rotochuts
blades.
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