The following is a sumary of the methods used to estinate
the drag of the Arrow from the first estimatos made in 1951, uwp to the
lizited verification obtained frem Flight testing in 19586,

This repert will restriet iteelf to the extornal sevodynsmic
drag, i.e. profile drag, clevater or trin drag, and drag due to 14ft,
Por infermation on spillage and irternsl drag see Report No. 71/Aero
Data/12, prepared by Mr, VB, MeCarter, Novesber 1958, Sheet 48 of
71/hero Data/l? gives the results of estimates prepared in 1951, 1992,
195k erd 1956, this present repert will suwplify these results by
giving the method and ssurce.
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This eotimate was made by J, Luess ! is reported on in
?/Aero Patafl, This ves & very prelininary ostimate and as sueh ignored
the drag due to trim,

That is th%*ﬂfg vas used, The value of CB, vas
obtained from free flicht tests on rocket powered delta wing medels
from NACA Reports RN L50D26; RM 1E0I22 and RM LSOPOL whieh provided
good data covering the range Me0,65 to 1.6, The value of ‘e’ was
obtained from wind tunnel tests and are to be found in the following
NACA veports, RM ASOKS); R ASOK21; R ASOK2la end R¥ ASOK2L. The
value of 'e' against ¥ is as shown on sheet 1lli, and Cp, against ¥ ss
sheet 22 of P/Aero Data/li, This first estimste is of little practieal
value but has been reported on here for the sske of completeness,

Trhie estimate wos made by R, Werren and is reported on in
?/Perf/i3. This vae the irst estimate %o include the drag duwe to
trim, The drag equation therefore becare,

CD = ODurn gooy ® AODIn o 2 ¢ ¢ 012
yi AR R
The variation of APDIN and p¢_ with M,N, is given on sheet 13

of pfrert/ii3, wu&ZmMéﬂmmmm.aﬁm;

wind tunnel teste on & Convair Delta,



5110k assumed linsarity of the
funetions D Cp versus S 2, ard Ae versus 3, Subsequent werk in
P/Perf/l3 done by J, Hodge based on data extracted fyem HACA Report
No, ¥ AS2DOle, showed that A CD vsS2 is reasonably linear wp to
S w200 but that Ae w8 § are certainly not linear, However as
the component due %o /A e is very small a large inacewrsey in this
quanity can be tolerated in the sverall drag estimate,

Pig D of Bfverf/l3 shous the variation afé%_wm A
uemmmmammﬁm;MmMrwm
vemwmwum,mmwmwumm

ratio of 8,78, The variation Da ;(w ), with MM, from

AS “'

the ssme FACA reports is showm in Fig,21, This second drag estimate was
then based on the value of 'e' given in P/Aerec Data/li, and a slightly
modified Cpy o+ The revised Cp, estimate is @s in Report P/Aero Data 17,
sheet 1, The values of elevator angle used were caleulated by

The third estimate was based partly on experimental data and
€Dy woe bused on Free Flisght Medel tests and the amalysis

in covered in Nepert Ho, P/Aero Data/&

in a more conelse mammer in Repart Fo. 71/Aero Data/12, ty ¥.B, MeCarter,
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The trim drag was based on theory and experiment, using a
rmothed prepared by J, Merris in Heport Mo, P/Perf/Ill, snd is covered
in Periodic Performance Report Mok,

Cp = Copry + ww%;* + §§*§% *7%%;523!

The veristion with M.N, of Chugy, €, Clpypy and K2 sve given in :
Periodic Performance Report No, L. These valuos are based on W/Tumel
tests uwp to 1,23 M.N,, and theory from 1,23 to ¥=2,0, exeept for CDuyy
mm«:mmmauwm. The ratio of experimental
K2 to theoretical Kp as tested by NACA, see R AS2I0L, on delta
Marforms shows the theoretieal valus to te within = 5% of axperiment
mmtaf%m%m

 Hoe 4 = Decomber 1956
This drag estimate wes based entirely on experimentsl data,
The wind tumel data used wae as follows,

HAR Dec, 1958 0,21
CAL ey 1955 HeD,5 to 1,23
Langley  June 1956 Mal,6 to 2,0

Thus for the first time test data wvas svallable covering w to Me2.0,
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mmwmma,my/mam by 8. Singer
showed that because of the non linearity of the derivatives it was
preferable to use the sctual valuscs messured for drag due to 1ift and
elevator deflsction, An atbempt was mede in P/Aero Date/7h te obtain
values of K2, g, and @p vo Mach No., such that the method ag outlined in
Betimate Mo, 3 could be used, but was found to be impractiesl,

Periodie Performance Report No, 9 shows the result of this

analysis, The ewrve of CDuIN vs M,N, was based on FFP¥T, see P/Aere
Dataft6, and was 009 subsonie and arprox, 023 const superseonie,
The tumel tests for sers elevator were then comwected to this Cpurw,
and drag polars plotted for each tost Mach Vo, The Alp éue to elevator
angle vas found to be independent of Cn and thus a3 cwrve of Cp ve MK,
and elevator angle was prepared,

Hence the drag was given by,
Orotar =0n; ., + p%g%

In conelusion it can be said that the final drag estimate
on the Arrov is composed as followss
Chyry = Free Flight ¥odel Test - Report P/Aere Data/66

L
p%k - Wind tunnel test « Report Pfhero Data/7h
These results were first used in Periedic Perfarmance Report Mo, 9,

and the aspropriate eurves are to be fournd in Report Ho. 9.
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Avea rule showed that an improvement in drag should be
realised with the l3kger ejector. This vas not used in performance
werk, for a diseussion of this effect see Report No. 71/Aero Data/12
by W.B, FeCarter,

Por a comparison of estimated drag with linmited ¥/Test data
ses rote prepared by B, Waechier,





