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THE INTERFERENCE BETWEEN STRUTS IN VARIOUS COMBINATIONS

By

SUMMARY

This repurt presents the results of tests made in the
NLLCA T by 10-foot wind tunnel to determine the
interference drag arising from carious arrangements of
streawndine struts and  round struts, or eylinders,  De-
terminations were made of the {nterference drag of struts
spaced <ide by side, struts in tandemn, tandem struts
cneased inoa single fairing, a strut intersecting a plane,
and struts utersecting to form a V. Three sizes of
strits were wsed for most of the tests.

These tests show that the interference drag arising from
struts (n elose provimity may be of considerable magni-
tude, in some (nstances amounting to more than the
drag of the struts thenmselres,

INTRODUCTION

With the increasing demand for higher speeds in
thirht, attention has been foeused on all possible meth-
ods of reducing the drag of aireraft. Considerable
coordinated information has been compiled on the
drag of component parts of airplanes, but relatively
little is known about the interference resulting from
combining these parts into an airplane.  Until recently
not much syvstematic work has been done oai the general
subject of interference,

The investigation reported in this paper has been
confined to the determination of interference drag
arising from various combinations of struts, both
streamline and round.  Struts were tested, side by side,
in tandem, and interseeting at vartous angles to form
Vs, Tests were made on a streamline strut inter-
secting plane surfaces of various chords.  The drag of
tandem struts encased in a single fairing was de-
termined for two types of fairings. Incidental tests
were made to determine the drag of struts of various
sizes and fineness ratios. Three sizes of struts were
used throughout the program, with some exceptions,
to determine if possible to what extent the rules of
dynamic similarity may be applied to interference
tests in wind tunnels,

Davio Biegrmasy and Wicniam H. HErrNsTEIN, Jr.

Many of the tests herein reported have direct
applications in airplane desizn.  Although there has
heen an attempt to cover the subject of strur inter-
ference in a systematic fashion, the limitations of
time and equipment have necessitated curtatling the
program. Further on interference
struts and wheels are being made in connection with a
study of landing gears, and will be reported at a later
date.

tests bhetween

APPARATUS AND METHODS

The N.A.C.A. 7- by 10-foot wind tunnel in which
these tests were made is completely deseribed with =
equipment in reference 1. The standard
model support was used throughout these tests,

The streamline strut models were made from Navy
no. I strut-section offsets given in table 1. With a few
exceptions to be discussed later, the tests were made
on struts of three section sizes: 1 by 3 inches, 1.75
by 5.25 inches, and 2.5 by 7.5 inches. The models
were made of white pine, sanded simooth and shellacked.
The surface was not highly polished, but was suffi-
ciently smooth to be comparable with good commereial
practice.  All model dimensions were held to ::0.010
inch. The round struts (evlinders) were made from
seamless steel tubing, accurate to = 0.004 inch,  The
surface was finished bright but not highly polished.
The diameters of tubing used were 1, 1.75, and 2.5
inches,

force-test

STRUT ARRANGEMENTS

Struts alone, streamline and round.—Preliminary to
the interference tests each different size of strut was
tested for drag.  An S-foot length of <trat was mounted
horizontally at its center on the force-test support. At
each tip independently supported strats weee mounted
and extended through the tunnel jet boundary, in an
attempt to simulate intinite-length conditions. A gap
of one thirty-second inch was left between the active
strut and each dummy extension.

Side-by-side struts, streamline and round.—In or-
der to determine the interference drag arizing from two

3



4 REPORT NATIONAL ADVISORY
parallel struts located side by side, a 12-foot length of
strut was mounted independently above the active
strut previously described.  (See fig. 1.) Drag was
measured only on the active lower strut, the assump-
tion being that the drag of the two struts was equal.
The spacing between the struts was varied by moving
the fixed 12-foot length of strut away from the active
strut in small increments until the effects were no
longer noticeable.

Struts in tandem, streamline and round.—The set-
up to measure interference drag of tandemn struts was
identical to the one used for side-to-side spacings ex-

ACTIVE

COMMITTEE

FOR AERONAUTIUS

fabric around the pair and doping it.  In order to
simulate this condition a special model was built. A
1.75- by 5.25-inch strut was sawed lengthwise along
the plane of maximum thickness. The leading-edge
portion was sepurated from the trailing-edge portion
by a distance of 20 inches and this intervening space
was filled up with five 4- by 1.75-inch boards. This
unit was bolted together, forming a flat-sided section
1.75 inches thick with a 25.25-inch chord and an x-fout
span.  Two dummy tip extensions of the same section
were also made. This model, representing streamline
strats faired together with a flat-sided section, wax

FiGURE 1. —Streamline struts spaced side by side, showing method of support and dummy tip extensions.

cept that the fixed strut was located first at different
spacings to the rear of the active strut and then located
at different spacings in front of the active strut. The
tunnel balance thus measured the drag of a strut plus
the interference effect of a strut behind it or in front
of it, as the case might be. By simple addition the
interference effect of either strut on the other as well
as the total interference, may be computed.

Tandem struts faired together, streamline and
round.—Tandem streamline struts are sometimes
faired together by the simple procedure of wrapping

mounted in the tunnel in the same manner as were the
struts alone in previous tests. The spacing of these
hypothetical struts was reduced in increments of 4
inches by successive removal of the intervening boards.
Only one strut size was used for these tests.
Obviously the best and most practicable method of
fairing tandem cylinders that are relatively close
together is to encase them in a single streamline
fairing. In order to accomplish this it is necessary
to decide on the fairing form to use; the form for mini-
mum drag will vary, of course, with the ratio of eylinder




THE INTERFERENCE
diumeter to spacing.  Sinee the Navy no. | strut see-
tion has both good aerodynamic and good geometric
properties for housing tandem struts, it was selected
as 4 basie seetion for housing tandem evlinders.  The
fatring dimensions to give the least drag for any
evlinder size and spacing may be ealeulated feom tests
on struts of various fineness ratios.  Tests were made
on Navy no. 1 struts of four fineness ratios: 3, 4, 6.25,
and 8.34.  The variation was made in thickness only,
the chord being held constant at 7.5 inches. These
struts, 8 feet long, were mounted in the tunnel in the
sIe manner as in previous tests,

A strut intersecting a plane.—Tes
determine the interference drag arising from a
by 6.75-inch strut, 23 inches long, intersecting the
surface of the flat-sided section previously used for
fairing tandem struts. The strut was mounted at
the center of the plane with a hinge-type fitting in
such a manner that the angle between the strut and
the plane, measured in a plane perpendicular to the
tunnel axis, could be varied through the range from
20° to 90°.  This test was made with planes of three
chord sizes: 25.25 inches, 17.25 inches, and 9.25 inches.
Several sizes of fillets were also used at the intersec-
tion of strut and plane.

Intersecting struts.—-Struts intersecting to form a
V in which the included angle could be varied from
15° to 180° were mounted in the tunnel on the regular
force-test support. One leg of the V was supported
at its midpoint, the other leg being allowed to swing
in a plane perpendicular to the tunnel axis.  Each
strut was 32 inches long.  No dummy tip extensions
were considered necessary for this set-up, inasmuch as
the interference did not extend to the tips to an
appreciable extent. Several sizes of fillets were used
for a number of angular settings of the struts.

s were made to

2.25-

General considerations.—Although most of the
results were obtained at an air speed of 80 miles per

hour, many of the tests were run at several lower
speeds also.  These additional test points were taken
in order to increase the accuracy of the single test
point by determining a curve, and also to show whether
the drag coefficient changed with air speed for any
given set-up. The tare drag was measured for all
struts alone by suspending them independent of the
balance support, providing only a small clearance.
The forces on streamline struts alone were measured
to within £ 0.03 pound; but for eylinders and for
models in which unsteady flow conditions prevailed
to an appreciable extent they were measured to
+0.1 pound.
T24-—33- -
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BETWEEN STRUTTS

IN VARIOUS COMBINATIONN o)
RESULTS AND DISCUSSION

The observed data and compmted nondiscnsional
coeflicients of drag and interference drac ave pre-
sented n tables T and HI wod i leuares 2 ta 14,
inclusive.  The terms and coetlicients used ore defined
as follows:

o Drag coeflicient,
. druye

bogdd

Interference drag  drae of the bodies in combination
- the st of the dreags of the bodies tested sep-
arately

Interference-drag eaeflicient,

mterference drag

gl

Length of strat equivalent to inmterference drag

¢

e

) interference dray
drag per unit length of <trt
where g,
d.

dyvnante pressure in ponnds per square foot.
dizmeter or masinim cross-wind dimen<ion
of strut m feer.
I length of strut in feet.
Nore.—Interference-drag coeflicients are based on o/
and [ of one =trut only.

The drag coeflicients are corrected for tare drag and
for static-pressure variation in the tunnel by the usual
methods.

STRUTS ALONE

Streamline struts.—The results for streamline struts
tested alone are given in ficures 2 and 3. - Figwre 2
shows the variation of €', with Revunolds Number for

N

the three sizes of struts tested, all of fineness ratio 3.

) e e —-
9‘-\)
G T
°© . AT - -

T . C> o Loy e gErete
S S

N Fo—

- (o]

c e "

Q\) 08 - LT Tt — w4 e .

g TTH T s e
S

AN

&

S 04— -

2 S S
1Y

< g

100,000 200,000 200,600 410,000

s Number
Varintion of drag of streanbine strats with Revnobds Number. Navy
ner 1 stent seetion, fineness ratio, 3,

FIGURE 2,

The drag coeflicients are consistently higher than those
obtained from an early test (reference 2), but later
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tests (reference 4) agree more closely with the present
results and indicate that the results of reference 2 were
mfluenced by the presence of a support strut.

Figure 3, which is only incidental to the present
report, shows the relation between € and fineness ratio
for Navy no. | struts,  These results, too, differ some-
what from those of previous tests in that minimum
drag oceurs at a fineness ratio of about 5 instead of at 3
or 4 as observed for other testz.  Furthermore, the

us[—fwf—v e e
g3 - : e
Lo e e
© Y os .
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Nt O :
Iy . [
2 [ :
Q ALt . ! S S S
& 7 4 5 6 7 &

Fineness ratio

Frorre 30 Drag of Navy oo 1strgis of various fineness mtins. Adr speeit, v0
m.p.h. Reynolds Number, 420,000

drag coefficient does not change as greatly with =mall
changes of fineness ratio as the other tests show it to
have done. Results from recent N A.C AL tests on
symmetrical airfoils  (referenee 5) agree, however,
fairly well with these results, in that the drag coeflicient
does not change rapidly with changes in fineness ratio
within the range from 3 to 7. In view of the differ-
ences between these results and those of former tests,
it is suggested that further investigation be made of the
subject.

Round struts (cylinders) alone.— The vartation of
(', with Revnolds Number for three sizes of evlinders is
given in figure 4. In general, these results check
previous tests of evlinders fairly well. Tt is noted that
cach size of exlinder defines a slightly different (7, for a
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Heyrolds Number

Fieore $. Variotion of deag of exlinders with Reyvnolds Number.

given Reynolds Number. The reason for this is not
readily apparent, inasmuch as several factors pertinent
to wind tunnels might possibly account for the effect.
More detailed work on this subject would probably
disclose information concerning this effect.

STRUTS SIDE BY SIDE

Streamline struts. Strewnline struts spaced side
by side 6 diameters or more have itde ar no inter-
ference effeet (g, 5. For smaller spacings the inter-
ference drayg increases eradually with deereases an
spacing down to a spacing of about 2.5 diameters.
For spacings less than 2.5 diameters the interference
inereases  rapidly  with reduction in spacing to o«
maximum value not determined in these test= heenuse
of excessive vibration.  The magnitude of the inter-
ference drag at these small spacings mayv be ten or
more times the dreag of u single strut. Another sienifi-
eant fact 13 that each size of strut defines a separate
curve, suggesting a Revnolds Number effect: but with
the exception of struts spaced very close together, the
drag coeflicient i1s constant for all air <peeds for each
strut size, indicating the reason for the difference 1o
be elsewhere.  Wind-tunnel conditions intlueneine the
results on evlinders as previously noted may possibly
be responsible for these dizerepaneies.

Probably the most reasonable explanation for the
eause of interference between two streamfine strats
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FIGURE 3. Fifeet of side-by-side spacing on interferenee dmg of soreambine stoats
Navy no. strut section, fineness ratio, 3. Adr speed, smph
spaced side by side is that dhie low cannot follow the
contour of the adjacent strut surfaces.  Streamline
struts spaced relatively close togedher form an effective
venturi having a high degree of divergence. Upon
passing the throat of the venturi the air flow does not
expand sufficiently to fill the diverging passage.
Owing to losses in the boundary layver, sulficient kinetie
energy is lacking in the air stream to overcome the

increasing pressure in the expanding jet.
Cylinders.-—~\s 1s the case for streamline strats,
the interference drag of exlinders side by =ide inereases
gradually with reduction of spacing for intervals Jess
than 5 or 6 diameters (fig. 6); but instead of rapidly
increasing for spacings less than 2.5 diameters, the
interference drag varies hbetween wide ranges of posi-
tive and negative values.  For 2.5- and 1.75-inch evl-
inders a eritical region exists at about 1.75-diameter
spaeing, where the interference drag may be either
positive or negative, depending, of course, on the flow
pattern existing at the time. Apparentiygthe type of
flow changes rapidly with a change in spacing; it may
even change while the spacing is held constant. The




THE INTERFERENCE BETWEEN
rapid decreases in drag are probably due to the fact
that the trailing vortices behind the two eylinders join
or interlock for certain spacings to form only a single
path, resulting in a decreased amount of disturbed air,
For spacings less than 1.25 diameters the interference
drag inereases very rapidly with decreases in spaeing.

STRUTS IN TANDEM

Streamline struts.—Figure 7 shows the interference
drag resulting from spacing streamline struts in tan-
dem.  Since separate measurements were made on
each strut, a more general picture was obtained of the
flow conditions than if the struts had heen combined
in one unit.  Several noteworthy results were obtained
from these tests.  First, the drag of the rear strut is
inereased to some extent by the presence of the front
strut for all spacings tested, the magnitude being
much greater for small spacings.  Second, the drag
of the front strut is reduced an almost equal amount
by the presence of the rear strut.  For spacings less
than 4.5 diameters the net front-strut reaction is
actually in an upstream direction.  Third, considering
the two struts as a unit, the drag is increased a small
amount throughout the range, reaching a maximum
at about 4 diameters.  Fourth, the agreement of results
ix excellent for all sizes of struts tested.

The probable reason for the relatively high upstream
force on the front strut and the downstream foree on
the rear strut 1= the presence of a region of inereased
pressure head between the struts, gained at the expense
of veloeity head.

Cylinders.— The results of tandem-eylinder tests are
somewhat different from those of tandem streamline
struts (fig. 8), in that the drag of the rear evlinder is
decreased in the presence of the front evlinder, while
the drag of the front exlinder is not ereatly affected
by the presence of the rear evlinder. The magnitude
of interference does not change appreciably for spacings
greater than 4 diameters.  For smaller spacings the
drag of the rear evlinder deercases rapidly with de-
ereases I spacing.  For spacings less than 3 diameters
the rear-exlinder reaction is forward. For spacings
less than 3.5 diameters the net drag of both exlinders
is less than the drag of one cvlinder.

The probable reason for the reduction of drag of the
rear eylinder is its presence in the turbulent wake of the
front exlinder. The effect of turbulent flow on the
drag of evlinders is well known (reference 6). How-
ever, turbulence alone will not explain the decrease in
drag for small spacings. For these spacings the vor-
tices produced by the front cvlinder probably partly
encirele the rear cyvlinder, impinging on the back
surface with sufficient force to produce a forward
reaction.

STRUTS IN

i drag of a length of strut.

VARIOUS COMBINATIONS

-

TANDEM STRUTS FAIRED TOGETHER

Streamline struts.—The drag of tandem streambine
struts is materially reduced for spacings less than 10
dinmeters by fairing them with the tlat-sided fairing
(fig. 9. Throughout the practical ranee the dray i<
proportional to the spacing of the strnt<, For spacings
greater than 10 diameters it is impractieal to fair struts
by this method.

Cylinders.-- Although un  additional in
drag may be obtained for tandem streamline <truts by
enclosing them in a streamline fairving, this method of
fuiring was confined to exlinders. However, for most
ases the same streamline fairing used for eviinders
will fit streamline struts. Hence, the curve
(fig. 9) iHustrating the variation of drag with <pacing
for exlinders faired together with a streanmline <ection
also applies, in general, to tandem streamline stts.
It is noteworthy that thiz tvpe of fairing is materially
hetter than the flat-sided type in that the dray s
considerably  lower throughout the range and the
maximum  practical spacing 1= inereased
12 diameters.

The method of obtaining this curve was not direct
beeause it was impossible o determine the dimension=
of the minimum-drag fairing for each strut spacing
without first testing a series of dufferent thickness:
cections.  The drag of a complete sories of fairings,
covering the practical range of evhnder diameter-
spacing ratios, was caleulated from the data of tests
on Navy no. 1 struts of different fineness ratios tfig. 3.
Figure 16 shows the fairing fineness ratio at whieh
minimum drag oceurs for different exlinder spacings.

Figure 11 is a working chart for the deternination of
dimensions for tandem-exlinder fairings having minm-
mum drag.  To use the chart one need know only the
evlinder or tube spacing i terms of evlinder diameter.
The fairing chord may be read directly from the oppo-
site side of the chart and the seetion thickness from the
abseissa.  With these dimensions the seetion ordinates
may be ealculuted from table I Tn case the evlinders
are of unequal size the average should be taken.  This
method works out fairly well for evlinders of nearly
the same size but may err somewhat for great differ-
enees in size.  The chart is also applicable to stream-
line struts, providing that the diameters of the struts be
assunied as slightly larger than they are.  This modi-
fication will allow the necessary clearance for the nose
and tail of the struts.

(‘l‘('l'( a=e

also

to about

A STREAMLINE STRUT INTERSECTING A FLAT SURFACE

The results of tests on a streamline strut intersecting
a flat surface at various angles are given in figure 12.
Interference drag is given in terms of the equivalent
Drag or interference-drag
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coeflicients are not applicable because of the luck of a
length dimension.  With the strut perpendicular to
the 25.25-inch chord plane the interference drag is zero,
but it inereases gradually with decreases in angle
between strut and plane.  For an angle of 20° the
interference drag is equal to the drag of a strut I4

ADVISORY COMMITTEE FOR

AERONAUTICS
tion in plane chord.  Any direct appheation of thesc
results to design should be tempered with judgment
These tests are probably more valuable for demon-
struting flow condition= than for any genersl
tion.

Table T shows the results frotn some test= on {arine

apphica-

dinmeters long, or in this case 31.5 inches, the intersection between plane and strut. For the
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FrivrE 8.-- Effect of tandem spacing on interference drag of eylinders.
80 m.p.h.

It is interesting to note the increases in interference
with decreases in the chord of the plane. For the
17.25-inch plane with a strut setting of 90° the inter-
ference drag is equal to the drag of a strut about 3
diameters long, and for the 9.25-inch plane to one of 9
diameters. Evidently the chord of the plane materially
affects the flow, increasing the interference with reduc-

Alr speed,

I

4 [} 2} 10
Strut spocirg on certer Lne, diometers

Curve A, streamline struts in tandem.
Curve B, struts faired together with parallel-sided faining.
Curve C, drag of Navy no. 1 strut of optimuun fineness ratio for enelosing
exlinders.
FiGURE 9.~ Effect of fairing together tandem struts,

25.

strut mounted perpendicular to the 25.25-inch plane
the interference drag is shown to be zero if the fitting
is not exposed. Fillets of the usual type failed to
reduce the drag, and even increased the drag for the
fillet of largest radius.

With the strut inclined 20° to the 25.25-inch plane,
the attempt to reduce the interference by modifying
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the effect of the aente angle with the usual type of
constant-radius tillets fatled. However, the interfee-
cnce drag was reduced 31 percent by the moditication
designated This moditication was
cotsidered to be of practical value because the strut
titting is often relatively small in comparison to the
strat diameter, alowing a modification of this tvpe to
be made. Moditication 1 also redaced the interference
drag for the strut inclined 30° to the 17.25-inch plane,
Furthermore, fillets reduced
athounting to a total reduction of interference drag
of 50 pereent. With the strut inclined 307 to the
9. 25-inch plune woditication 1 reduced the interference
drag 15 pereent. A fillet failed 1o decrease the dre
further.

“on the sheteh.

the drag even more,

STRUTS INTERSECTING TO FORM A v

Streamline struts.- Fivure 13 shows the interference
resulting from strewtnline strats intersecting at vartons
angles to form Vs The intetference was assumed to
be equal 1o zero when the struts were placed end to
With reduetion
of the angle between the struts the interferenee
inereases fairly uniforily for Gl three sizes of models
The prob-
able reason for the reduetion in interference for angles
les< than 307 i< the rapid overlapping of the struts
near the hinge point, inasmuch as the axiz of rotation
lies on the strat center lines. The naximum value of
interlerence i< equal to the draz of o strat from 27 1o
35 diameters long, depending upon the size of the
strat. - For the 25-inel strut, this amounts to an
equivalent strat length of SO inehes,

The conditions in these tests that give rise to inter-
ference are very <inmilar to those enconntered for struts
~paced side by <ide, in that the surfaces of the struts
whieh face cach other are diveraent,
these test= there 13 the additionat effeet of the acute
anyle, which probably inereases the interference.

Table HL <hows the results of sotue miscellaneons
fillet tests made on interseeting streamline strogs,
Beeanse of the small diferences in forees it was impos-
sible to abtain very =atisfactory results. For the 1 by
3 inch strat, fillets were found to have detrimental
cifects, inerensing the interference as mueh as 31 per-
cent. For the larger struts, fillets consistently reduced
the interference for all angular settings of the struts
tested.

Cylinders. The interferenee drag of exvlinders inter-
seeting at various angles is negligible, as ean be seen
from figure 14,

eted, forming one continuous strut,

tested, reaching a maximun at about 307,

However, in

GENERAL REMARKS

Although these tests furnish some interesting and
usable data on the interference ¢f struts in various
combinations, this particular branch of the study of
interference deserves much more consideration.  There
ure other basie strut combinations which could he

ADVISORY

COMMITTEE FOR AVERONAUT TS
tested to advantage, and the reboionship- hetween

mterference, turbulence, tannel <pecd. aod nodd!

<ize could be more fally <tndied with peoti

CONCLUSIONS

The
following:

1. Streambine ~trats \p;n'ml ~1de by <kde 5odineter s
have hutle or Fow
closer spacings the interfercnee drae inereases iy
with reduction of the interyval,

20 Cylinders spaced side by <ide 5 dameter-

results ol this vestivation aindieate e

apart or more Lo iderferen:

or more have practically no interference:s i spacing
less than 5 dimmeters the interference may e Lichiy
favorable or anfaverable, depending wpon the <
and =pacing of the exlinders

3. When streamline stear~ ave plaeed i tanedens th
draz of the front <trmt < decroa<ed fl.\ the proseree o
the rear one, whife the drag of the rear <t - e
ereazed by the presence of the front one This edeoy
exist= for all <pacings tested. bt the aeade e

-

ereases rapidly for <pacines fess than <y tes o
The re<udiaw
tlll‘ ('(rllll)ill:l(inl\ i\’ lHlf:l\nl‘:le Illl‘ﬂll:'!lmll the Iahice

4. When exlinders arve placed in tanedeny the dree o
the Tront exlinder is but ficde atfected by the presenc
of the rear one, while the drae of the rear evinder -
creatly reduced by the presence of the fronr o
The resultant interference is hichiy Govoebie foe o

<trit thickness iterferenee drae o

spaeings tested.

S0 Tandem streambine <trts <paced ess than 1o
dintieters apart way be faired tocether 1o advantaze
with a tlat-sided ~ection, and to o greater advantase
by eneasing the <truts in a streamline fairine,

Ho The interference drae of a ~treamline <ten ingey -
seeting a plane of finite thichness jucregses with o
deerease in the chord of the pline. within the e
tested, and also with a decrease in the ancle herween
<trut and plane.

7. For streambine =trats intersedting 1o formn o V
and Iving i plane perpendicular to the ar <trearn
the interference drag inereases with decreusing in-
cluded angle, rewching a maxin value at abont o
For angles less than 307 the interfercnee deerenses
with deereasing included angle.

8. For evlinders intersecting to form a Voand Iving
in a plane perpendicnfar to the air <stream the intey-
ference dreag ix negligible Tor alb vaines of the wmehided
angle.

Lanarey MeMmorian Nwrovavrican Lasoraronry,
NATIONAL ADVISORY COMMIUTTEE FOR AERONAUTI S,
Lanarey Freeo, Va, June 5, 1033,
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MISCELLANEOUS FILLET TESTS ON STREAMLINE
STRUTS INTERSECTING AT VARIOUS ANGLES
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