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DRAG OF FLAGS.

By R. A. FAIRTHORNE.

Communicated by the Director of Scientific Research, Air Ministry.

ARE Reports and Memoranda No. 1345,

(Ae. 477.)
May, 1930.

Summary.— Introductory. (Purpose of investigation).—Figures were re-
quested by the Airworthiness Department for the drag of banners towed by
aircraft.

Range of investigation.—Measurements were made of the drag of rect-
angular flags of fineness ratio 0-5 to 4-0, and of triangular flags of fineness
ratio 0-25 to 1-0. Two rectangular flags of materials of different densities
were also tested.

Conclusions.—Triangular and rectangular flags of the same material, span
and area seem to have the same drag. For flags weighing 0:016 lb./ft.* and
4 ft. span, the value of the drag coefficient kp, based on unit projected area,
ranged from 0-1 at fineness ratio 0-25 to 0-02 at fineness ratio 2. The part
of the total drag not due to skin friction varies directly with the density of
the material. An empirical relation between the drag and fineness ratio
is given.

Owing to the use of banners towed by aircraft for advertising
purposes, values of the drag of such flags were required by the Air-
worthiness Department.

Measurements of drag were therefore made in the wind tunnels,
R.A.E., in November 1929, and January 1930. The flags tested
were :— S s = AV .

(1) An almost square flag, span 22} inches, fineness ratio 0-97,
made of material weighing 0-0321b./ft.2. = 154 gl

(2) Rectangular flags, fineness ratio from 2:0 to 0-5, of lawn
weighing 0-016 1b./ft.2. =3 ' 41.>

(3) Pennants, in the form of isosceles triangles with the base
as leading edge, of fineness ratio 1:0 to 0-25, and the same
material as (2). 0.1 At

(4) A silk banner, 9 ft. 6in. square, with 13 per cent. of the
surface formed of lettering of muslin, the silk weighing
0-0075 1b./ft.2. » i (2 b

Apparatus and method.—In case (1) the drag was measured by
fixing the flag to the balance spindle. The forces were found to be
periodic, and in subsequent tests, to avoid damage to the tunnel
balance, the flags were attached to a spring balance by a wire running
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?e‘;e(;i:g%:i]é? , the wire being fixed by silk cords to a batten in the (b) Frequency.—An attempt was made to measure with a strobo-
In case (4), wh scope the frequency of flutter of the triangular flags. There were
! tamel, thel ’1‘.” ere the span was greater than the width of the several modes of vibration, but the frequency of the main progressive
» the leading edge was attached to a wire ring, 3 ft. in diameter wave from leading edge to trailing edge could be measured approxi-

thus forming a cylinder slit dow
acy n a generator. As a check on thi
;nethod fthse ring was opened out to the form of a semicircle zrivilxllls
gap 0 ft. 6in. between the corners of the leading ed o Ng
appreciable change in drag was observed. - °

The speed range was 60 to 80 ft i
in test (2), and 40 to 80 ft./sec. in tf;i (1;) tae;fl ((i)) 60 to 100 ft./sec. Conclusions—The fineness ratio can be regarded as a parameter
The balance point i ) fixing the shape of a flag of given geometrical type. For flapping
pointer oscillated at the frequency of the flag flutter, flags of given shape, consideration of dynamical similarity shows

l mately, and was found to vary from 21 per sec. at fineness ratio
1-0 to 38 per sec. at fineness ratio 0-25, both at a wind speed of
60 ft./sec. Values of the frequency at different speeds and fineness
ratios are given in Table ITL

the amplitude of oscillati i i :
angularpﬂags of testsc(giqtflc;)rn wtl)leilc?]gt]e s 4 large‘ Wl'Eh the rect- that the drag coefficient at a given Reynolds number varies with the
foomm ‘thE anean at. Anbness Tikia B (1)‘3 ;‘;aéhaéi{idmrled 13(3 O%e}' cent. | ratio of the effective density of the flag to the air density. This
; Sh T speed t./sec. , . :
! g}ﬁzrt;i?gﬁ?; ?la{gs were stfi:adler, giving a maximll)lm \'ariatiog gf density ratio may be expressed by the factor s_”i_, where w is the
. e mean at fineness ratio 0- i <
vtio () 25, wind speed 0.1t /se,, weight per unit area of the flag, s the span, o the volume density of

while the flag of test ari ;

ratio 10 andg wingsspfe?cl‘g;)nf?l/:ec?er 'Cl"ilr:et;u?log?tltllclle rr}ez;riat f}nfn_e - the air, and g the acceleration due to gravity. The measured drag

decreased as the fineness ratio increased putdent the osilation coefficients were practically independent of Reynolds number, and
; therefore for all flags of given geometrical type the drag coefficients

The length of tow, i.e. the di 3
pulley, was varied for the izc(gsrfa{:lc:rb;;:y e(;nﬁthe leading edge and may be taken to be the sum of two functions, the first of which is
was found to be of influence in tI?at the sh ot SirengEs e O, Bndl a function of the two variables, fineness ratio and the density ratio,
was the drag. The variation was n:: slilgrter the tow, the greater and the other a function of the viscous forces, i.e. the skin friction.
results, the length of tow being in all e gi ofilrltog{{);l} t? affect the The drag coefficients less skin friction, divided by the density ratio
HRElE= : are given in Tables [ and II. The value of the skin friction coeffi~
Results. | cients has been taken as 0-012, a figure su ested by tests carried
(@) D The t by the Gétti d ieal lab o fby"thf
rag.—The total drag coefficients, dra 3 : out by the Géttingen aerodynamical la oratory on fabric in the form
and fineness ratio of the flags are gi » drag at 100 ft.-sec. weight, ; of a rectangle of fineness ratio 0-5, measured at about the same
coefficient is plotted against fineness %;\;:3: i:1n17£a])lle 'lfl an;i “x cimg )l Reynolds number as the present FEst
Vetiaretlie 3 g 1. The drag values S il ; - »
Svensre e ovis e angoo e e OGS Moty | et i o saprosmite iy couly 10 the empnl
B e oo ystematic vanation with speed was shown. ' L 18 FAlges: BpIIORITSL: m; y C(;J 581% . P
Tavin:was fog c((laet cient of the triangular and rectangular flags of ! curve y = 0-39 F'%, where y is oo =, The values for
i ML 20 oy from 0-095 at fineness ratio 0-25, to 0-020 ) density ratio
pro.ne?eis ratxo(.i.-O, the fineness ratio being defined as the PR Wy ’ the triangular and rectangular flags lie approximately on a common
jected area divided by the square of the sp: e curve )OS e y
i i i span, and the . TGS T -
:;):afﬁments being calculated for unit value of the 1gaximum prloje(gzzg <. In a subsequent test a rectangular streamer, 47-5in. long and //
’I.‘h d 2" 9.95in. wide, weighing 0-037 Ib. per sq. ft., gave a mean value of
e drag coefficient of the silk fla _ ) 1-851b. for the drag at 100 ft./sec. when measured over a speed
0'016. and that of the heavy flag weigllgirngf()l}g“ig’:ﬁ: :?;E,mflﬁo wa:s “ range of 60 to 100 ft./sec. The value calculated from the above
ratio 0-97 was 0-11. S SRR B MRS <. " formula is 1-87 Ib., which is in good agreement with the ineasured
After measurement o : ; values.
ratio 0-48, the flag wasfstl]ilte él:\tvgnofhtgliers‘t::f: ntgulfar oy L ﬁnene§ * s The general accuracy of the measurements is low,. but it may be
parallel, each of fineness ratio 0-96. The mcgs‘orm_ o 'ﬂags o concluded that the quantity y is approximately constant for all
to the formation of eight flags in parallel eagh B hb n?r?gssriget?t%d §14p ; flags, rectangular or triangular, with the same fineness ratio and the
) enes 03-84. k 5 e e
{(Ielnfia':lt] Citlge thff- drag was lowered by subdivision, and presumably same gerodynimic soughness, \
I s to the skin friction as limit. The drag and drag coeffici * Ergebnisse der Aerodynamischen Versuchsanstalt zu Gottingen, Band -
| are given in Table II, € cients »: [, Teil IV, **Untersuchungen iiber der Reibungswiderstand vonstoffbespannten J§--—
! Flichen.”
(3555) Wt 173,6004,2208 375 2,81 Harow G.7/1 £ e Rl S T
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O RECTANGULAR, SPAN 4-FT, WEIGHT O-016 LB/ FT.

o) \RE.CTANGULAR,SPAN 1875F T, WeieHTO032 LB/ Frt [ TRIANGULAR : :
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RECTANGULAR FLAGS IN PARALLEL, WITH TOTAL AREA ®

/AND Sean [4 P-r] CONSTANT, WEIGHING 006 LB/ FT? 91
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\RmAmULAR, SPAN 9-5FT, WEIGHT 00075 LB /.FT?
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RECTANGULAR FLAGS IN PARA|
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A TRIANGULAR 4 FT.
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