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THE INCREASE IN FRICTIONAL RESISTANCE CAUSED BY
VARIOUS TYPES OF RIVET HEADS AS DETERMINED BY
TESTS OF PLANING SURFACES

By Starr Truscott and J. B« Parkinson
SUMMARY

The increase in the frictional resistance of a sur~
face caused by the presence of rivet heads was determined
by towing four planing surfaces of the same dimensions in
the N.A.C.A., tank. One surface was smooth and revresented
a surface without rivet heads or one with perfectly flush
countersunk rivets. The other thrce surfaces were each
fitted wita the same number of full-size rivet heads dut
of a different type arranged in the same pattern on each
surface. The surfaces were towed at speeds representative
of the high water speeds encountered by seaplanes during
take~off and the range of Reynolds Number covered by the
togts was from 4 X 10° to 18 x 108,

The rivet heads investigated were oval countersunk,
brazier, and round for rivets having shanks 5/32 inch in
diametor. The oval countersunk heads were sunk below
the surface by dimpling the plating around them.

The results of the tests showed that, for the rivet
heads investigated, the increase in the friction coeffi=
cient of the surface is directly proportional to the
height of the rivet head. The order of merit in regard
to low resistance is flush countersunk, oval countersunk
(vhether sunk below the surface or not), brazier, and
round.

INTRODUCTION

The use of projecting rivet heads on metal seaplane
floats and hulls increasesg the roughness, and hence the
frictional resistance, of the surface. On the other hand,
the use of countersunk heads to maintain a smooth surface
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increases the cost of construction, particularly with thin
plating. It is therefore desirable, where the take=off
performance is an important consideration, to know the
relative hydrodynamic resistance caused by various stand-
ard rivet hcads at the water svceds to be encountered.

An investigation to obtain this information was made

in the NeA.C.A. tank for the Bureau of Aeronauticg of the
Navy Department. Full-size standard rivet heads for riv-
octs with a shank 5/32 inch in diamecter were fitted to
planing surfaces and the surfaces were towed at speeds up
to 40 miles per hour. The results therefore apply direct-
1y to a typleal portion eflihe fully immersed bottom oL a
hull traveling at these speeds.

THE PLANING SURFACES

Details of the surfaces tested are shown in figures
1, 2, 3, and 4. They were made in the form of duralumin
boxes that fitted over a common core of oak so that no at-—
tachment screws werc necessary on the bottom surface.
The corc provided the necessary longitudinal stiffness as
well as a means of attachment to the towing gear.

In prelininary runs, it was found that the radius
formed in breaking over the duralumin sheet was large
cnough to allow the water to flow around the sides, making
the wetted area indeterminate. The fitting of square-—edge
steel strips for the tests, as shown in figure 4, provided
a satisfactory edge for clean planing. The original trail-
ing edge, however, proved satigfactory.

The rivet pattern (fig. 4) consisted of a single lon-
gitudinal row on the center line at 2~inch pitch and
transverse rows every 10 inches at l-inch pitch. A4s seen
in the photographs, the duralumin plate was not perfectly
flat but the departures from an ideal plane surface wers
no greater than thoge found in commercial flat sheet or in
actuwal hulls,

The nominal size of the duralumin rivets in each case
was 5/32-inch diameter. The dimensions of each type of
head and the model designation of the surface upon which
it wos tested are shown in figure 4. Model 56-4 had a
smooth surface cquivalent to that given by perfectly flush
countersunk heads. Model 56-B represented .a type of riv-




eting develomed by the Bureau of Aeronautics in which ovel
countcrsunk heads are sunk below the surface by using
smooth dimples in the plating. The extent of the dimple
ig about twice the diameter of the head. Model 56-=C had
the commonly used brazier heads and model 56-D had round
hecads. The dimensions and form of the hecads conform ap-
proxinately to the standards of the Aluminum Company of
Ancricas the commercial tolecrances on the dimensions of
the heads arc as follows?

Height, Dianeter,
In. sl
Oval countersunk not given +0.009
Brozier 0,005 =020
Round =.005 £.016
The actual riveting was carefully done so that the heads
fitted snugly against the sheet.

METHOD OF TESTING

Each model was towed in the tank as a planing surface
in the manner described in reference 1. The resistance
of a pnlaning surface includes both wave-making and fric-
tional resistance but, as brought out in reference 2, the
frictional resistance becomes an increasingly large part
of the total as the angle that the planing surface makes
with tihe water surfaece decrecases. Accordingly, the test
runs werc made at the lowest practicable trim, which was
found from the preliminary runs to be 1-1/2°. The con-
stant specds for the force measurenents ranged from 30 to
60 fect per gecond and, at these speeds, the surfaces
were looded to give wetted lengths up to 60 inches, so
th%t the Reynolds Numbers rangecd from 4 X 19°. fie 18 X
0.

The windage tare to be deducted from the gross re-
sistance as measured by the dyramometer was obtaincd by
running the snooth model at the trim used in the tests
but with the trailing edge 1 inch above the water. Thus,
the net resistance includes the interference effects at
the intersections of the surface and the water but does
not include the renmaining air drag of the model and towing
gear,
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The wetted lengths wore read visually at the side of
the model on a scale graduated in inches from the trail-
ing cdgee The tests of planing surfaccs made by Sottorf
(reference 3) showed this length to be substantially con-
stant across a flat surfacc,

RESULTS

Faired curves of the values of net resistance and
wetted length obtained from the tests of the surfaces are
given in figures 5 to 12. The order of merit of the vari-
ous arrangements may be found by a comparison of the re-
sistance values given. Since the wetted length is ex~
tremely sensitive to change in trim, the difference in
wetted lengths may have been partly caused by very snmall
errors in locking the gear controlling the trim for the
different set-ups.

_Lhe 'l')I'O'OOI'tieS Of the E]d,ter durin° tllf,’. t@th were as
A s =]
ol Lo i

Test |Water temn., Speézgic weight,|Kinenatic vis-

Model| date (°r. *) (1b./cu. ft.) cogity (fie"
per sec.)
56=A | 1=23-35 45,5 634630 040000155
1-29-35 43,0 63.645 S(@10NONe1LE 1L
56=B | 2~ 435 41.0 65.661 < 00001L6%7
56-C | 2- 6-35 41,0 B3R 651 .0000167
56D |2« 8-35 41.0 6565 - 000016

%
Meagsured ‘1 foot from surface.

AWALYSIS

Figure 13, paralleling figure 11(b) of reference 2,
shows the forces acting on a flat planing surface when the
top and the side edges are free of water and hence under
only atmospheric pressure. PFrom the diagram, the friction
component varallel to the plate may be found from the meag-=
ured resistance and load.
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Cross plots of resistance and wetted length against
load for -speeds of 30, 40, 50, and 60 feet per second were
made for each model, enabling a further reduction of error
in fairing the original data. Tho resistance and load for
wotted lengths of 25, 35, 45, and 65 inches were obtained
from these cross plots and the friction component was cal-
culated for cach condition. These forces were then con-
verted to the nondimensional friction coefficient

Y
. % o i
where
F lsnEriculons forceys dbs

p, water density, slugs per cu. ft.
Vst o 'sipeely LsDieiSs
A, wetted area, sq. ft.

Figure 14 shows the calculated values of Cf for the

planing surfaces plotted against speed.  Values of Zahm's
coefficient for a submerged plate in a turbulent flow
(reference 4) are plotted for comparison, Zahm's values
are calculated from the relation

cf = 0,0745 R=96.218 L (0,00072

where R 1is the Reynolds Number.

This formula is the equation of a mean curve obtailned
from extensive friction data judiciously ghosen by
Schoenherr (reference 5). The coefficients calculated
from tests of the smooth planing surface are generally
lower than those obtained from the formulas, The differ-
ence becones greater at the shorter wetted lengths, indi-
cating that the method used in analyzing the present datae
does not properly take irnto account the effect of .aspect
ratio. The fairly close agreecment at the longer wetted
lengths, however, establishes the valuc of the results
from tests of planing surfaces for obtaining relative
frictional resistance.
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Logarithmic plots of the friction force against speed
for wetted lengths of 45 and 55 inches (fig. 15) indicate
that for all the surfaces the frictional registance wvaries

. 72 . s i
approximately as il and that the reclative merit showa

will extend to the usual get-away speeds for seaplanes.
The exnonent is slightly lower than that generally found
from tests of submerged planes, possibly because the targ
resistance obtained by towing the planing surface just
c¢lear of the water is too high,

In figure 16, the friction coefficient is plotted
against height of rivet head for various speeds and for
the two longer wetted lengths. In this figure, the height
of the oval countersunk heads is taken as what it would
be if the rivets had simply been countersunk and not sunk
below the surface by dimpling the plating., The most satw
isfactory mean lines through all the points are straight
and parallel for each wetted length, which indicates that
the increase in friction coefficient varies directly as
the height of the heads and is independent of the shape
of the heads. Moreover, the general agreement with this
canclusion shown by the results for the sunken-type heads
indicates that the oval countersunk heads will have the
same resistance whether or not thc plating is dimpled
around them as in figurc 4., The slope of the lines is
slightly greater for the shorter wetted length but appcars
to be independent of speed in either case.

CONCLUSIONS

le The increasgse -in the friction coefficient of a
surface caused by small rivet heads is directly propor-
tional to the height of the heads above the surface.

2e The order of merit of commonly used heads in re-
card to low hydrodynamic resistance is: perfectly flush
countersunk, oval countersunk, brazier, and round.

3, There is no hydrodyramic advantage in sinking
oval countersunk heads below the surface by dimpling the
plating in the manner used in the arrangement that was
tested.

Langley Memorial Aeronauntical Laboratory,
National Advisory Committee for Aeronautics,
bangley Field, Vasy dpril 7, 19358k
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Figure 3.- Planing surfaces tested., Surface 56-D assembled with
strips and core,
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