_NACA TN

AX
SIS
RE =1 N
r TNA" - 2NAL ADVISORY COMMITTEE
2 =g FOR AERONAUTICS
i
=R22
s TECHNICAL NOTE 3092

HYDRODYNAMIC DRAG OF 12- AND 21-PERCENT-THICK
SURFACE-PIERCING STRUTS
By Claude W. Coffee, Jr., and Robert E. McKann

Langley Aeronautical Laboratory
Langley Field, Va.

SNACA,

"\;\S\/L

Washingtcn
December 1953

BEST AVAILABLE COPY




2L S

3

fess v

i

> .
e

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

TECHNICAL NOTE 3092

HYDRODYNAMIC DRAG OF 12- AND 21-FZRCENT-THICK
SURFACE-PIERCING STRUTS

By Claude W. Coffee, Jr., and Robert E. MzKann
SUMMARY

The hydrodynamic drag of three surface-piercing untapered struts at
approximately 0° angle of yaw was determined at depths up to 6 chords for
speeds up to 80 fps at various angles of rake. Tvo struts had NACA
667 -012 airfoil sections, one with a L4-inch chord and the other with an

8-inch chord. The third strut had an NACA 66,-021 airfoil section and a
4-inch chord.

The section drag coefficient was determined from plots of drag
against depth. ver the small range of Reymelds mumber where wind-tunnel
Jata were available fcr comparison, the tank data, at subcavitation speeds,
were in good agreement with wind-tunnel results. Raking the struts changed
the section drag coefficient as expected becausz of the change in effective
thickness ratio that resulted from raking. The drag coefficient due to

the drag at the surface intersection was approximately constant at Froude
numbers above 8.0 and at subcavitation speeds. Within the speed range

investigated, no surface ventilation was observed for any of the struts.
The inception of cavitation was noted at a speed higher than that predicted
from two-dimensional-flow theory. This difference was probably due to the
influence of the free-water surlace on the pressure distribution.

INTRODUCTTON

The present trend toward the use of underwater 1ifting surfaces on
water-based aircraft and surface vessels has emphasized the need for drag
data on supporting struts which pierce the water surface. Such data are
limited; in additicn, these data were generslly obtained as tares during
tests of liftir‘.g surfaces and the i et of the measuremente for thao
strut alone is of dubious value because of the lack of sensitivity of the
measuring instrunents.

The present investigation conducted in the Langley tank no. 1 was
made to determine the hydrodynamic drag of struts which pierce the watc
surface and tue effect of thickness ratic, size, and angle of rake on

s
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drag. ‘'he speed range investigated is believed to be in the order of the
actual speed range that would be encountered in practical aspplications.

SYMBCLS

c strut chord parallel to undisturbed water surface, ft
ol depth of submersion of strut tip below undisturbved water

surface, ft
t strut thickness, ft
Do extrapolated drag for zero depth, 1b
Dy section drag, 1b
D¢ tip drag, 1b
Dp total strut drag, 1lb

Dg
C4 section drag coefficient, = =
§§V cd

\'s speed, fps
Ve speed of inception of cavitation, fps
F Froude number, V/Vgc
R Reynolds number, Ve/v
g acceleration due to gravity, 3%2.2 ft/sec2
) mass density of water, varied from 1.966 to 1.969 slugs/cu ft
v kinematic viscosity of water, viried from 1.311 X 1072

to 1.654 x 107~ sy lijsec

DESCRIPTION OF MODELS

The NACA 6b-gseriec airfoil ceciicns were chosen [ur the strut models
o4 1.
r
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frontal angles. A smail frontal angle is desirable to reduce the vater
pileup at the intersection of the strut lesding edge and the water surfs.

o~
..... —— e — S s 2

Two struts had NACA 66,-012 airfoil sections with chiords of &
and 8 inches in order to investigate the effect of scale. The third
strut had an NACA 66,-021 airfoil section and & 4-inch chord. The ordi-
nates of the strut secticns are givern :in tatle I and the cross seciions

- Aldia

of the three struts are shown in figure 1 All the struts hed the sub-

= weal

merged tip parallel to the undisturbed water surface. (See fig. 2.)

In the position with 30° angle of rake of the 4-inch-chord stn
the chord parallel to the undisturbed water surfasce Hecawme 5.6Z inek
The thickness ratios decreased from 12 mand 21 percent to 10.5 and
cent, respectively.

The struts were made of stainless steel wi*h

o
approximately 115,0C0 lb/sq in. and were polizhed 1o
gave a measured surface roughness of 8 to 10 rms =i

APPARATUS AND PROCEDURE

A description of the Langley tank no. 1 and towing carrisge is given
in reference 1. The single-component balance, suppcorted frim the saix
gtructural members of the towing carriage, is shown in Tigure 3. Basi-
cally, the balance consisted of a heavy flcating Trame supporied by firzis-
gage beams from a rigid frame attached to the cearriage. ISterchangestls
Jjews which conformed to the contours ¢f the individusl 25:Uts were 3ol
in a clamping unit in the vertical plane. Adjustments necegssry Lo axi=n-
tain negligible angle of yaw were made by rotating the claspincs =it iz

the horizontal plane. Wind-tunnel results indicated that sz= 'l angles ol
yaw near O° would have negligidle effect on the drag; however, becauss of
the interaction of side force with drag on the strain-gage dalance, a
side-force gage was used to set the angle of yaw to give 5 zmiaizaz silde
force. Corrections were made to the drne readiozg for the mtersctiose

resulting from the remaining smsll side forces.

gages. (See fig. 2.)

The drag wes measured during constant-sp2ed tests ¢ver a range el
cneed frrm A0 to 30 [ps witn tie STruts at U~ BOgie CI y&wW wns o s s
submersion ranging from 4 to 24 inches. The three strutsz were te
o° angle of reke and bcth 4-inch-chord strutcs wers tested of ﬁ.f* BIg e
of rake. The angle of rake was cousidered to be positive wnen the sut-
merged tip was raked forward and negative when the sutmerged tip =35
raked aft (fig. 2). The output from the strain gages w~as real from 2
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micrcamme’er or recorded by & pen-type strip rescordar_  The niatted dra

date include the air drag of the length of strut exposed beloy tne SpIel

Spray pé*c ographs and underwater photographs were taken of the S1T.t#®
T 5 3 & Comm
o5 ==l Tized-position fiesh equipment simiiar {0 that describtec In reles
exss C.

The accyuracy of the basic meesurements 1s believed to be withis 122
followiag itwizg:

e  epe
Meed, THE - - - - ¢ ¢t 4 5 5 5 5 o « ® % o 2 © . .o w e e . wW.,
ESLDTS AXD DIXCUSSICK
TEe ammdecel Ii2g T LNE Ziruts 22 the various ang: s of smae o=
2T Ted ISRIDST g 2 25 f:"_- & ywiee: & s Y, &2 = =mrer - P Jers
. F - - - - - T o

were sttalmed fur ihe J-gETentotRICK STyt WA S-Inmon 3

T
sasd 3 Iecmese Ihe sirad Secams 2lrecit 1y unstable ant f311-
S BT m Frag sppeared 10 VATY sppIozimmtely as the sguare -

:ﬂ .ﬂ " l"‘

= exNitak lre SXCTWITTA. The ‘md at =xten eMvitgt ioe w2 Tlrst
Rt saml 22 iadicstes r cmil vertical srrows. The incresers T2giiiy
2z =Evl larsrmied afier iie lzmcoptics ©f cavitatioca. '

Toe weristiice of jsme wiik 26ptE Ve oblained Tren Pipme & wi 1s
gosxisd 1= Tigsw T = spcai as 3 PRIRDOter. "\,.,_g. 'x;f-::
gite=s sgeei SeTfooe he 1nesplioe €f cevilatlics sppearesa :; —r iy
o The Bepit isr 5 sFTiclest 3eptE BAd Deen reached so vag.’...
face ’Q‘c"‘:r:“-,:t == iz cffecis telabe COnsStant . A 13 il
12e siaet Jam GOTITT FecFOCT 1ae marface and tLip ‘fftcts o i Shad
e mrt

a consist b}
5 F ippls o reke 17 TS O lers ently ﬁvwr\b

Tow Tk -

the -

» - 0 gm
B aEgTacilos

L e¥fowy om

-~ z,rﬁégza:y:wdﬂsutmwh

o i 4etcr'.'.=.iz‘;€'d by ex’.rapoiatl_r.g the sLraight-line prorios oF
cve toval-drag curves (fig. 5) tc zerc depin.
21 o - A

—e section Grag coefficlent, bvased on a static-immerses P"O'sz‘ie’

- 15

h:i ;l tted againsi Reynolds pumbter in figure §. Inc -,;3_,3._ iz Tigs—e 4
ares, 1S
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is the Schoenherr line (ref. 3) thct represents average skin-friction
coefficients for fully turtvulent flow on smooth flat plates and the
Rlesius line (ref. 4) that represents larminar flow. In general; the
section dreg co=fficileats for the various struts lie in the transition
region tetween the laminar- snd turbulent-flow lines and decrease with

increasing Reynolids numter.

: general, raking the struls éeltrer forvard or rearward reduced the
saction drag coefficleat from tast for C° angle of rake as would be
expected Iram the change In effective Lnickness :je.'.ic thaet resulted from
raking. 1ne section drag coefficlents oftalned for the twc l2-percent-
shick struts were in good agrvement and no effect of scale wss indicated

b&3

[ ]

-
e

in tze range ol Ksyn:;id: mapter investligaled. Wind-tunnel data for these
sirfoil zectioms, at the range of Beynolds pumber of these tests, are

s Peor The windetoumesl sezulls (ref. 3) that can be coer d with
seager; but € )

the Tamk dsts are in good agreement (fig. ©). This sgreement indicates
eaat wind-Tunnel d43ta may e cted 1o silimmle gection drag coefficients
for surfacs-plercing wniagere?d sIrcty Tperniling at subcavitation speeds

S
gy I zamzle o7 yaw.

Paluoez for Tthe drag o5F 3e sirgt 3lp D were estiw.ted by using
ths drag cefficient for spamiv Lips given iz reference 6. By subtracting
i 1T S2ug Traa 1%k emiTapoizicd IreE at ere dAcptk, & walue for the
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=3 at sudcavitation speeds

esteCised 1a CEmflirisal 0% AS

- e

EaTE T l:lifalesz TEag, Tor 21l Lue 2iruiz ierzicd, this coefflicient wvas

APPTTZIIM 21 F comalart at Frowds smters: alove .U and &Y subcavitation

speeis. ADD &=tz Tir wEik raritatlon weas Fhoam 1o oxist vere ozitted

T Tifsse 71 Scvewer. The dala join® at s Froude mumber of 4.4, repre-
< £ with the «-inch

Ltan Sata int

chord 31 80 T3, wes agpreciasiy zighe for coefficients
3

cawiiate, dul 18 Tavilatiocn had developed tc such an extent that
+% wmE Trzitce
Sprevy

o - - Pr— i ~ - - - =
L, [DOtogTages mowing Lhe iypieal effect of spray around the strut at

——a .o hen ol — 3 @ =
==.c CTBERL P@ET3 30 loptinz are present=d in figure E. From these photc-
——— e » S - N TS N — & - el o~ e o e B o - A
&2 L:, $, loe .:._.\T".) ..‘:;:!.f._ﬁ': s T e :db: was dztermined and is plOch
SgRonist speel Ln tligure F. As would Le expecied, the spray height is
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independent of the depth of suomergence over the ronge of depth investi-
gated. An increase in speed Irom 50 to o0 ips increased the spray height
at the strut trailing edge approximately 30 percent.

The effect of strut size and thickness ratio on spray can be seen
from a comperison of the photographs presented in figure 10. For struts
having the same airfuil section (figs. 10(a) and (b)) tested at the same
speed, the spray height at the strut trailing edge appears to be in direct
proportion tc tie size of the strut. For the struts havirng the same chord
but. different thickness ratics (figs. 10(t) and (c)), the spray height at
the trailing edge was greater for the thicker strut.

Photographs showing the typical effect of angie of ruke on the spray
height at the trailing edge of the 2l-percent-thick stirui =2re presented
in figure 11. The effect of angle of rake on the height of the spray at
the strut trailing edge was to reduce progressively the spray height as
the strut was raked from 30° to 0 to -30°. The spray height at the strut
trailing edge was measured perpendicular to the water surface.

Photograplis showing the typical effect of thickness ratio on the two
4-inch-chord struts raked -30° are shown in figure 12. As was noticed in

figures 10(b) and (c), the thick strut sgain nas the higher spray at the
strut trailing edge.

Cavitation and Ventilation

The 12-percent-tnick struts gave no visible evidence of cavitation

in the speed range investigated. The computed cavitation speed for this
strut, is approximately 83 fps.

Underwater photographs showing effects of speed on cavitation on the
2i-percent-thick strut at 0° angle of rake are presented in figure 13.
Visual observation and the break in the drag curves (fig. 4) indicate that
the inception of cavitation in these tests occurred at speeds greater than
the theoretical cavitation speed of 59 fps which was based on the pressure
districution that would bte obtained in two-dimensional flow. The greatest
delay in the inception of cavitation was at the 4-inch depth where visible
cavitation did not start until a speed oi approximately 70 fps had been
reached. Cavitation did not begin near the water surface as might be
expected on the basis of statlc pressure since apparently tne proximity
of the water surface resulted in an alteration af the nreccure Fictribu
tion and reduction of the pressure peak with consequent increase in the
speed required for cavitation. The inception cf cavitation occurred
approximately at the 60-percent-chord station, the design location of
minimum pressure. Raking the strut forward or aft caused a small increase
in the speed st which cavitation was first observed from that for the

v lrAad ot O |
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No surfece ventilation was observed for any of the struts over the
range or speeda and angle €I rake investigaced. Tne inlersection oOf tae
strut with the water surface as seer. in the - nderwater photographs of
figure 13 was typical of all the struts tested.

CONCLUSIONS

An investigation made to determine the hydrodynemic drag of three
surface-piercing untapered struts at zpnroximately 0° angle of yaw at
depths up to 6 cherds for speeds up to 8C fps and at various angles of
rake indicates the following conclusions:

1. The section drag coefficients at subcavitation speeds were in
good agreement with wind-tunnel results over the small range of Reynolds

ssalvmas vrhAasma trivmA_dvivmnal Anto trava avodleolilie A Acmrori enn
o wilCT€ Winl-oWinCa Qaia WCI'C GVai.acal 10T CCOPAristh.

2. Raking the struts reduced the section drag coefficient from that
with an angle of rake of O° as would be expected from the change in
effective thickness ratic thet resulted from raking.

5. The drag coefficient due to the drag at the surface intersection
was approximately constant at Froude numbers above 8.0 and at subcavi-
tation speeds.

4, The inception of cavitation was noted at a speed higher than that
predicted from two-dimensionsl-flow theory, probably because of the influ-
ence of the free-water surface on the pressure distribution.

5. No surface ventilation was observed on any of the struts over the
range of speed and angle of rake investigated.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., Octover 8, 1953.
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Figure 2.- Spray shield and tyoical strut at three angles of rake.
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(b) NACA 66,-012 airfoil section with 4-inch chord. Angle of rakc, 0°.
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(c) NACA 66-012 airfoil section with 4%-inch chord. Angle of rake, -30°.

Figure 4.~ Continued,
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NACA T 3092

(b) 2i-inch depin.

HACA ZA- 012

e

hord; angle of rake, 0°.
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Vv = 82,0 fps V = 81,2 fps

vA A

(a) NACA (61-012 airfoil section. (b) NACA 66,-021 airfoil section.

[-81269

Figure 12.- Photographs showing effect of thickness ratio on spray height.
4-inch chord; angle of rake, -30°,
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NACA TN 3092

V = 63.1 fps

V =65.3 fps

(d) 2k-inch depth.

Figure 13.- Concluded.

NACA-Larxley - 12-18-53 - 1000

_.,.....,*



	0002
	0003
	0004
	0005
	0006
	0007
	0008
	0009
	0010
	0011
	0012
	0013
	0014
	0015
	0016
	0017
	0018
	0019
	0020
	0021
	0022
	0023
	0024
	0025
	0026
	0027
	0028
	0029
	0030

