
AD-A008 560

AN/SSQ-41A/53 SONODROP: FLOCELERATOR/
DECELERATOR WIND TUNNEL TEST RESULTS

E. R. Gombos, et al

Naval Air Development Center

r

Prepared for:

Naval Air Systems Comman.i

24 February 1975

DISTRIBUTED BY:

National Technical Information Service
U. S. DEPARTMENT OF COMMERCE



-7 7

NADC-72165-VT-A

NOTICES

REPORT NUMBERING SYSTEM The numbering of technical project reports issued by the Naval Air
Development Center is arranged for specific identification purposes. Etch number consists of the Center
acronym, the caiendar year in which the number was assigned, the sequence number of the report within
the specific calendar year, and the official 2-digit correspondence code of the Command Offico or the
Functional Department responsible for the report. For example: Report No. NADC-7301540 indicates
the fifteenth Center report for the year 1973, and prepared by the Crew Systems Department. The
numerical codes are as follows:

CODE . OFFICE OR DEPARTMENJT

00 Commander, Naval Air Development Center
01 Technical Director, Naval Air Development Center
02 Program and Financial Management Department
03 Anti-Submarine Warfare Program Office
04 Remote Sensors Program Office
05 Ship and Air Systems Integration Program Office
06 Tactical Air Warfare Office
10 Naval Air Facility, Warminster
20 Aero Electronic Tech. :logy Department
30 Air Vehicle Technology Department
40 Crew Systems Department
50 Systems Analysis and Engineering Department
60 Naval Navigation Laboratory
81 Administrative and Tuchnical Sent.- s Department
85 Computer Depart:nent

PRODUCT ENDORSEMENT T The discussion or instructions concerning commercial products herein do
not constitute an endorsement by the buvernment nor do they convey or imply the license or right to use
aich products.

f p

= , i ---- ....

APPROVED 3Y: DATE: 24 Fe ruary 1975
D. D S D

Commandler, US
Deputy Director, AVTD



UNCLASSIFTRD
SECURITY CLASSIFICATION OF THIS PAGE (Whon Data Entered)

REPORT DOCUMENTATION PAGE FRE MSTRUCIONS_______ _______ ____O__ ___O__L______FORM

1. RPORT NUMBER 12. GOVT ACCESSION NO 3. -SECIPIENT 'S CATALOG NUMBER

t' vi ,mi n A) .... . . .
4. TITLE (and Sblbil,) S. TYPE OF REPORT A PERIOD COVERED

AN/SSQ-41A/53 SONODROP: FLOCETERATOR/DECELERATOR PHASE REPORT
WIND TUNNEL TEST RESULTS

6. PgRPORMING ORG. REPORT NUMBER

7. AUTHOR(*) 9. CONTRACT OR GRANT NUMBER(*)

E. R. Gombos/E. A. Reed

9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. P IOGRAM ELEMENT. PROJECT, TASK
AREA b WORK UNIT NUMBERS

Air Vehicle Technology Department (Code 30) AIRTASK N. A5315330/0014/
Maval Air Development Cent'r
,arminster, Pa. 18974 5P04000003 WORK UNIT HK 308

II. CON"ROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE

Nave" Air Systems Command 24 February 1975
Depa :ment of the Navy 1s. NUMBER OF PAGES
Washington, D. C. 20361

14. ONITORING AGE.C'r NA14E & ADDRESS(If differant from Conirollind Offlie) IS. SECURITY CLASS. (of this 0ort)

Unclassified

IS&. DECLASSI FICATION/ DOWNGRADING
SCHEDULE

I. DISTRIBUTION STATEMENT (of this Report)

Approved for public release; distribution unlimited.

17. DISTRIBUTION S .ATEMENT (of the abstract entsed In Block 20, It df sfrent frof Repot)

I I. SUPPLEMENTARY NOTES

IS. KEY WORDS (Continue on reverse olde if necessa y And Identfy by block nwm bet)

Sonobuoys
Flocelerators
Aerodynamic Decelerators
Parachutes

20. ABSTRACT (Continu, on rot side ai necesary and Identify L7 block mimbet)

The Naval Air Development Center has conducted an analysis of aero-
dynamic decelerators for A-size sonobuoys. To obtain pertinent aerodynamic
information, particularly drag data on various decelerators and flocelera-
tors needed for mathematicai simulation and future design, the Glenn L.
Martin Institute of Technology Low Speed Wind Tunnel at the University of
Mar: land was utilized. This report summarizes the testing effort involved
and presents the data for application to the refinement of current A-size
FORM

DD IAN 73 1473 EDITIOM OF P NOV 65 IS OSSOLETE UNCLASSIFIED
$/N 0102-014"6601 I

SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)

Reproduced by

NATIONAL TECHNICAL
INFORMATION SERVICE .. TOC E

US D-p.rm. of Co.M o, .
Spr.ongfild, VA 22151



UNCLASSIFIED
.L.L(.USRITY CLASSIFICATION OF THI1S PAQO(37-i Data Eaitot.*

20. (Cont'd.)

sonobusoys.- The data will also be applicable to tict proposed ERAPS and

MAPS presently under study as part of AIRIASK A370370A/202B/POO-121-71O.

UNCLASSIFIED

SECURITY CLASSIFICATION OP THIS PAGEWfmen Data &trd



NADC-72165-VT-A

REVISION DATE REVISED PAGES APPROVF' I

I.I

A 24 February 1975 3, 14, 15, 16, 17, IC,-
18, 20, 21
Cover
Report Documentation
Page

II



NADC-72161 -VT-A

ERRATA SHEET

NAVAIRDEVCEN Report No. NADC-72165-VT-A (Revision A), "AN/SSQ-41A/53
Sonodrop: Flocelerator/Decelerator Wind Tunnel Test Results,"
18 5eptember 19'. (Unclassified)

Cover - Deleted old AIRTASK and Work Ui-t number; inserted
new AIRTASK and Work Unit number. Changed
distribution statement to Distribution Unlimited.

Report Documenta- - Deleted old AIPTASK and Work Unit number; inserted
tion Page new AIRTASK and Work Unit number. Changed

distribution statement to Distribution Unlimited.

Page 3 - Deleted "average" before T/I in first paragraph.
- Reworded second sentence in last paragraph.

Pa: 3 14 theu 18 - Figure 8: deleted average T/I column (T/I) and
added drag area column (C S) to reflect change in
data reduction metbod. DData reduction method
changed to using actual T/I effect vice average
T/I effect. Consequently, corrected drag
column (Do), drag area column (C S), and aver.-g-.

drag area column (CSP S ec aAfected.

Pages 20, 21 - Figure 10: values under average drag area
column (O-) and average drag coefficient column

(C ) were corrected to reflect change made in

drag reduction methodology.

- ii

--- z-2~- - ~ ~ ~-~ ~~~--- -



HADC-72165-VT-A

On 10 nmd 11 May, 1972p the Glen L. Martin Institute of Technology

Low Speed WLJd Tunnel at the University of Maryland was utilized to provide
information for several programs now underway at the Naval Air Development
Center. Full scale models of A-size sonobuoys and deployable decelerators --
arachutes and flocelerators -- were tested as part of Airtask A5335330/
025/2PO4000001. 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/FO0-121-710.

Testing of the models involved simulated sonobuoy deployments at
various speeds, high speed photographic coverage to establish flocelerator
inflation times, and compilation of drag data to utrmine appropriate
drag areas (CDS) of the proposed systems. Background information as to
the development of these sonobuoy system- can be found in references (a),
(b), and (c).

This report sumarizes the effort involved in the wind tunnel tests
of the various sonobuoy/decelerator systems. Preliminary remzJ-.s reprding
the models tested are limited to discussion of type, and illuatrative
figures are provided for clarification. The tunnel test set-up, data
compiled, and data reduction are also described. Resultant data are
s'uiarized in tabular form.

!gND TUNNEL TM.STj8T-U7IWDDIL DESCRIPTION

The Glenn L. Martin Institute of Technology Low Speed Wind Tunnel
at the University of Maryland is of the single return, closed throat
rectangular type with a test section 7.75 feet high by 11.04 feet wide and
is capable of speeds up to 335 feet per second. Located beneath the
test section is a six component yoke type balance system composed of
electrically driven automatic bean balances. Data trom the balance
system is siultaneously indicated at the tunnel operator's position on
a central control console and on an illuminated number panel for plotting.
In addition, all, indicated data are automatically recorded in print and
IBM punch card form. A detailed description of equipment available, data
reduction capabilities, and other pertinent wind tunnel information can
be found in reference (d).

The tunnel test set-up for the flocelerstor and parachute models

is depicted in figure 1. An A-size sonobuoy body, equipped with an
KAVAIRDCWZN (Naval Air Development Center) designed aft sonobuoy module,
was mounted on the tunnel centerline at zero angle of attack by mans of
a strut connected to the tunnel balance. A fairing, surrounding the
strut and independent of it, was mounted directly to the test section
floor. The flocerators and parackute models were tested trailing the
sonobuoy body after simlated deployment at various tunnel speed*.

I
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Simulated deployment was accomplished by packaging the flocelerator/
parachute nodal in a drogue-bag, which in turn was housed inside the aft
sonobuoy module. The ,rogue-bag was secured itt the aft module by a steel
through pin. Actual deployment was achieved by xeleasing this pia after
the desired wind tunnel speed was attained. The drogue, free in the air-
stream, pulled the bag out of the module releasing tha model. After
deployment, the drogus-bag was constrained to the tunzel downstream by
a lanyard attached to the tunnel floor. Figure 2 illustrates the
deployment sequence.

Two tyro of trailing flocelerators were tested: the crowm flocelera-
tot (figure 3A) and the modifiod torpedo (figure 3R). The crown flocelera-
tor vac tested vth'. boe"- attached 36 inch squar6 parachute and a 12 x
42 inch cross-typ r ._..te. Two different fabric weights were .ied in
the bag coutructicg, 7 ounce and 5.4 ounce (nuuindl) polychloroprene
coated nylon. The ioaificG torpedo flocelerator also was tested with the
two types of parachutes. However, the material ued in bag construction
was not varied -- all bags consisted of the 7 ounce material ith a 5.A
ounce inlet section. In addition, coo modifieJ torpedo model was constructed
so that the inlet gco.Qtry could be varied.

The parachuti modcla consisted of flat circular ribbon and croas
types and were tested primarily to obtair drag area (CDS) and coefficient
(CD). The ribbon parachutes varied in size fram 7k inch dismeter to 15
inch dineoter (measured across the flats). Two sizes of cros type para-
chutes were tested, 10 x 30 (b/L - .333) and 12 x 42 inch (b/L - .286).
Particulars for the parachutes are outlined in figure 4 for flat circular
ribbon type and figure 5 for croset type.

Miscetlaneous tests were conducted on the standard A-size sonobuoy
rotochute, and on different nose shapes for the soUobuoy. The two
different nose shapes tested were the ogive shape and the hemispherical
shape. Dimensions are given in figure 6.

For completeness and accuracy of the data, se-eral test runs were
aecessary for evaluation of the tare and interference (T/I) effects.
Since all of the models tested were symmetrical, an img set-up was
provided for the T/I test runs, shown in figure 7. The image set-up
consisttd of a fairing and strut, identical in size and shape to those
used in supporting the _--dals in regular test rtms, mounted from the
celling of tie tunnel test section. The actual T/I tests involved re-
running certain models, using the image sat-up, in order to obtain data
necessary for corrected results. The data reduction and derived results
are outlined in the following section.

DATA REDUCTION/TEST RESULTS

A total of 35 test runs were conducted in the wind tunnel including
8 T/I runs. The reduced data fion these runs is shown in figure S. For

2
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a clear understanding of the results derived, the following paragraph

will define the nomenc1atura used and the procedure employed for data
reduct ion.

The first four colum.3 of figure 8 denote the run and applicable T/I
run; a deecription of the model teste; the test velocity (V) in ft/sec;
and the dynamic pressure (q) in lb/fti. The next two columns give the
un,.orrected drag for the test and T/I runs, D and D*. Following this is
the T/I effect. which is found by algebraically subtracting D from D*.
[T/I negative (D > D*) implies that the mejority of interference is due to
flow disruption by the fairing. T/I positive (D < D*) implies awre
flow disruption is caused by the support strut. Although these incer-
ference effects could have been separated, the process is long; involving
several more runs, and was darned unnaec¢©ry for further refinement of
the data.] The corrected drag, Do , waa mo.puted by algebraically sub-
tracting the T/I effect from D. By d_.viding Do by q the drag are2 (CDs)
was found. The average drag area (CDS) is given in the last column.

FiGi.. 9 gives the average inflation times for the two flocelerator
types in grapiiical form. The curves were coastructed by extrapolating
inflation times from the film coverage of the first eight test runs in-
volving flocelerators. Also plotted on figure 9, ere the ideal times of
inflation calculated from the equation of continuity. As can be seen,
inflation times of the torpedo bag are very close to ideal. Hovsever,
the crown flocelerator experiences an inflation time lag of approximately
0.2 seconds from ideal. A plausible explanation for this lag it the lack
of an &arodyatmic Wlet on crown flocelerators. Inflation does not begin
until the attached parachute is inflated, whereas, iuflation begins
almost ivnedately upon deployment of t a torpedo bag.

The general results of the testing are stumrized in'figure 10. All
similar models were grouped together (e.g. runs_L and #2 differ only in bag
conjtruction material). An average drag area (COS),_less body effects,
was then calculated. The average drag coefficient (CD) was found by dividing
this drag area (CDS) by a reresentative area (S ). For the flocelerators
the nominal cloth areas of the attached parachutes were used for S. Flat
circular ribbon parathute representative areas were the cloth areas of
circular pieces of material with diameters equivalent to the ribbon
parachute "across the flats" measurement (figure 4). -owinal cloth &reaa
were also used for S in the case of cross type parachuuza except for
runs 18 and 23, where it was noted that the nominal area was considerably
less than actual. For the nos* shape runs (26, 27 and 28), t~e frontal
area of the A-sice body was used for S. Also tabulated in figure 10 are
generat cmments and observacions on each significant test run.

3
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DISCUSSION 0F TUST RIOT/OCUIM

Data obtained from the wind tuanl cests is directly applicable to
work beivg done by the NAVAIjDVCN uder Airtuik A5335330/2025/2?0&000001.
Woroatom obtained hcu resulted in the design of a two-stage deceleration
rystan for A-size vosobtooys. In the process, a combinctioz of rm-sir-
inflated floatation/dtcelerationt system (flocelerator) for A-size soso-
buoy* was also desipd. The wind tusmal data has also bnen used as
cmputer inputs for preliminary design of a variety of deceleration systems
for different size soaobuoys. A listing of the gemeral conclusions about
the tmel test results follows:

1. The body dra; coefficients (runs 26, 27, and 28) resulting from
these tests, more or less, corespond to classical (book) values for CD
of circular cylinders (referuce (e)). In particular, the CD fbr the oklive
mose proved superior to the others teated. This is a significant result
sinc* this shape is volmstrically efficient and is reported to produce
stable in-water trajectories. It is therefore coaeidered an excellent
canditate shap. for any sonobuoy. In additiun, these body drag coefficients
are applicable to the proposed ZRAPS and MAPS systems since, for fineness
ratios (body length/body diameter) between 4 ad 12, the drag coefficient
is relatively constant. The fineness ratios for the ionobuoys under study
fall in this range: 7.385 for A-size; 8.727 for ZRAPS (I-size stoem);
6.15 for MAPS (C-size store).

2. Inflation times for the floceleratots are clearly established.
The relationship of actual to computed (ideal) ties as shown is fi .ge 9
was a significant result of the wind tumal tests. Extrapolating on this
data for proposed ZRAPS and NAPS flocelerators should be a straightforward
procedure dependent only on final systim weights.

3. The crown floceleratar is inherently more advantageous than the
torpedo beg flocelerstor. It is easler to fibricate, requires significantly
less material, and is easier to package in the souobuoy. This last point
yas evidt it from the wind tunnel tests Wtaeu. daring the lew speed deploy-
ment sequ6nce, the crown flocelerator, beit 6 &ssier to packuge, was deployed
in a mach aorter time than the torpedo 1-. Also evidant from the tests
was the fact that the parachute (particularly the square type) when attached
to the torpedo bag failed to open during several test runs. This served
to aWkance the superiority of the crown flocelerator.

4. Insight a3 to the type of parachute (square or cross) that should
be used on a flocelerator vaa also gained by these tests. As noted in
figure 10, the floceierators with attached cross type parachutes had a
tendency to "wrap-up" in the tunsel. This shortcoming is due to the way

the models were mounted -- the cross parachute was attached to a rigidly
mounted body. in actnal flight, any tendency for a cross parachute to
wap-up" we ld be translated into a rotation of the body. Therefore, this
"turnine" observation cannot really be considered a deficiency of the

4
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cross parachute. However, o71 weakness of the cross parachute/flocelerator
arrsagemst was noted: tYig of the suspension lines to the parachute.
This area, in a couple of test runs, resulted in som parachute cloth
tears. Stitching the suspension lives should correct this problem.

Several problem areas concerning the square parachute were also

made apparent. Ow was the need for a re-enforced flocelerator-parachute
attechtent aecessery to sustain high opening shock forces when deployed
at high speed. This re-enforcenent should also be radiated out from the

bag to the suspension lines. Another area, though only evident when
attached to the torpedo bag flocelerator was failure of the parachute to
open. Hoeever, this problem is only mentioned for completeness of results.

Based on these observations, either parachute could be used on
the crown flocelerator. Further testing is required to show any signi-
ficant difference during actual use.

5. Tests of the ribbon paracbutes yielded drag areas consistent
with those computed from previous drop tests. However, the tunel tests
indicated a tendency for the bottom ribbon (especially on the iarger ribbon
parachute)to "owl" and become ineffective at airspeeds greater than 100
ftet per second. The most probable reason for this occurrence is that the
mnufactured suspension lines were improperly sized. This is highly
probable, since for ribbon parachutes the suspension line lengths should
approximately equal 0.7 of the nominal flat circular diameter (reference
(f)). Because the ribbon parachutes tested are small, this dimension is
difficult to obtain, analytically -- the nominal diameter could be that
dianster as measured across corners, across the flats, or the average of
both. Nonetheless, any final ribbon parachute selected should be checked
in a wind tunnel to assure proper performance sad geometry.

6. The conventional A-size sonobuoy rotochute test was not com-
pleted since the model failed during the test. However, a drag area
average was derived based on the data obtained. Tare and interference
effects were assumed based on T/I effects for the body runs. The result
gives is figure 10 is the best approximation available from the limited
data obtained. The modal "failed" due to constznt rotation of the blades
without adequate bearing support -- causing the blades to separate from
centrifugal force when the "washer-type" bearing seized. The failure
caused vome damage to the tunnel test section (shattering of overhead
glass panel, chipping of side shatter-proof g lass) and fan ("sand-blast"
effect on propeller from the overhead glass particles). Repairs were
completed in a few !ours and the T/I test runs commenced. However, it is
recommuded that future wind tumnel testing of rotochutes be conducted
with greater caution: substitution of a thrust bearing for the washer
type bearing and possibly a metal retaining shroud around the rotochute
blades.

5
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