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ARROW 1
SUMMARY

Included in this composite report is a new revised spillage drag
characteristic which shows good agreement with both the Arrow I Intake Test
results and for the Vigilante, an aircraft with similar intake geometry.

In addition,a new external drag curve is suggested which is consistent
with all available W.T.M. and F.F.R.M. tests of the Arrow I and is in good

agreement with that of the Hustler, and aircraft with definite family char-
acteristics,
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GECMETRY

Ref. P/Geom/ 32

30° conical nose.

J75 intakes, 5.6 sq. ft. throat.

39" cylindrical ejector.

L.B. droop, 5% notch, 10% extensions.

3 1/2% cambered wing, 1225 sq. ft. area, MAC 362.6 in.
LPC/{) tailo.
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NOTATION
Py Net thrust force ibs
D Drag force 1b.
o) static pressure psi
v velocity fps
m mass flow 1b/sec.
q Peo M =2

2 psi
M Mach Number -
% ratio of specific heats -
Cp drag coefficient
A, capture area, projected frontal area of intake including

compression surface
S lifting surface area
Cp pressure coefficient D - Po
Q.es

Subscript
=0 at infinity
it lip station
2 throat station
3 engine compressor face station
4 plane of engine final nozzle
p ¢ choking
0 capture
13 friction, fin, fuselage (portion affected by streamtube only)
© entering stream tube contour, the dividing streamline
R external compression ramp
1L lip
d duct
X external
& engine
W wing
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INTRODUCTION

The drag of an sircraft is probably the most controversial force that is
required to assess A/C capability. Controversial because it is difficult to
estimate with accuracy because of interference effects, and difficult to mea-
sure with accuracy with a W/T model, Free Flight model, or even on a full scale
flight test aircraft because of the relative order of the necessary corrections.

Now that all model testing is complete this review of aircraft drag is an
attempt to correlate all the many contributions, witting and unwitting, to the
drag picture. This review was attempted to give greater confidence in the drag
used to predict Arrow 1 performance, on the eve of its first flight, and at the
same time allow an extrapolation for use on the Arrow 3.

Drag is normally broken down into two parts, external and internal. By
definition on the Arrow 1, 2 the demarcation is the dividing streamline when the
intake is running full, i.e. a choked throat., This definition allows the
simplicity of a fixed external drag (i.e. does not alter with engine RPM) and
minimizes the corrections to drag models where the intake flow can be simply
fixed at the choke values,

Because of the increase in throat area between the Arrow 1 and Arrow 2, the
external drag would by this definition be decreased. However for simplicity on
the Arrow 2, the same external drag is used and the internal drag reduced.

It follows, then, that the drag at zero 1ift is made up of two parts, a
fixed portion, the external dragyand a portion varying with engine RPM, the
internal drag, which in turn is usually termed in the literature additive or
spillage drag.

@

?Cbs
e i:"”“’“**
Gaos \l 35
i
NVMQ M%o "%\:"‘-“
In this report the spillage drag is defined as the drag increment due
to spilled intake flows where the intske is running at less than choke mass flow

(i.e. the internal drag) and the additive drag is defined as that portion of the
external drag due to spilled intake flows when the intake is running full,

e Wiao
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INTRODUCTION (Cont'd)

The contributions to the total drag of an aircraft, then, are minimum
external drag(which by definition includes additive drag),drag due to 1ift,
(g forces) trim drag (control forces) and spillage drag. It is implied that
the contributions can be separated out and do not affect one another, i.e. for
example that there is no change in CDS or Cﬂtrim with Cy.

-
S Bextmin . CDCL . CDtrim ’ CDS
when Cﬂmin = £(M) ; C%L
Cpi - £(M,Cr) = £(Myn,W,pe ) T
L ¥ T
Cﬁtrim = £(M,5) =w q'c-b:ﬂ ' CL
Cpg = £(M,m)
This report is confined %o CDeXtmin and CDSo
Because Gy has been measured with a cold jet and since the contribu-

SXlnin
tion of the ejector to internal thrust has been measured with a cold jet in
quiescent air, the mutual effect of the jet on boattail pressures and of the
external stream on ejector internal pressures has not been analysed in this
report. This effect will be significant only at Mach Numbers above and below
the ejector design point (i.e. the design point is the Mach Number where the
exit static pressure is just ambient). For our aircraft with an ejector
design Joint of M 2 1.7 this will be especially significant at transonic speeds
where because of mixed subsonic-supersonic flows the solution can be given only
by very expensive test. This afterbody drag analysis is to be given in a
separate report.

The assistance of D. Garland, D. Ewart and G. Dimock of the 3tability and
Control Section is gratefully acknowledged. The assessment of model data, which
was, primarily, stability and control model data, would have been impossible
without their assistance and critical comments.
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Spillage Drag

Netqthrust as defined in engine brochure:
Fy' = me (V4-Voo) + (py-pee) 4y
= +/p, dA«prdA+fpddA—fpldA+fpedA

Internal Drag
Dint = -/p, dA + fpl dA = de dA + fp'R dA + fpfudA

External Drag
Dext = +/p, dA + Jp, dA

True Net Thrust of Engine:
Fy" = m(Vy-V3) + (ph-pso) 4y ~ (p3-peo) 43
=T

° Total internal force:
Fy" - Dint = m (Vy-V4) + (py-peo) 4, - (p3-p=<) Ay + Jp1 44 ~ [pedA

+ Jpa dA - [pm da - [pridd

= Fy' + m(Voe-V3) - (p3=p.,<,) A3 + Jpc dA - fpl da
+ [pd a& - pr dA - [pridh

But m (V3-Yeo) + (P3-Pew) A3 = Jpo A& = [p, dA + fpg dA - fpp dA - [ppidh
: o' Fiy - Dint = B

However, included in the external drag is the term ch dA.

Now: m(V1-Veo) * (P1-Pea) 4] = fpc dA - fp'R dA - fpf“dA

~
o

o SoJpe A = m(Vi-oo) + (P1-Poo) &) + Jpp dA + [y ptdd
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By the definition given in the introduction for the division of this con-
tribution to the aircraft drag we have:

s (fpc dA)pan® = (Spe db),
= o® (1EV0) - n(V)-Ve ) + (plﬁwpl) Ay
+ [(pg¥-pg)dh + [(pg'Eoppr)as - [a/py aa) pbin
A Dext = [(pe 68)p_no - Slpc ap) &

i

mo(V1%-Veo ) - m¥(V1%3-Vwo ) + (p;%-p %) 4
N o 1%
+ [(prO-pp¥)dA + J(pgl -pe " )aa - [a/px dA) mo-n*
Where each has been increased by a term signifying the change of external
pressures attendant on change in stream tube contour, commonly termed the lip

suction relief. This is a small thrust due to increased lip suction on rounded
lips due to local velocity increases at reduced intake mass flow,

In coefficient form:

Cpg = ADs/qBw Do _ 24,
o o
v &
Cp, = =¥ (7 -1y 24 -m_ (V3 - 1y 2hc + (plﬁ - . A
bR PR‘) 28 (Ac = A7) b = 2
ot s = i T ? R or f = d.A C
(pw Byl &M Sw e 2 B ~ “P1g
For an open nosed pitot ihtake this reduces to:
: Ag = A4
Cp, = 2% gk -1, oy Too- Dok & op 2 A
Dg = ( ) o ( e -j‘A c (Pl = B3 ) £ ., 2c
QO Vc@ SW mo V& SW pé; = pw aM& Sw
—on, of ot Lo s (plx& — e
S e = Pe e e CDLs

Fraenkel in Ref.No. 1 has indicated that for an open-nosed intake with full
lip suetion:

S A e e
D e ='W m_(Yy L
s [,mo (Vw ) Mg QV:: )] -
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or for a thin,sharp,open-nosed intake:

8ps 24 V1 _

om/me  SW Voo )

This agrees with Ref. Nos. 6,7,8;9.

For the C105 intake, the assumptions made to fit a curve through the
experimental points at M 1.5, 1.7, 2.0 of Ref. No., 2 are:

a) All spillage is through the normal shock only, with slope given
for m = m¥, :
b) Change of ramp drag to be found from Schlieren photos of our intake

at Lewis,
c) Change of fuselage drag with engine mass flow assumed negligible,
d) Lip suction to be taken from Ref. No. 3o

3 aCDS . 2 i.cn (Z&g - % aCDx - aCDLS
om/mo Sw Ve m=m 30 /mo

(a) First term is shown on sheet 16
(b) Cpg = (PRZ = le) 2 dzk sin 6 _ Cp A!
TP | WMme  IH By B

where p]g_2 = ramp static pressure behind terminal normel shock wave.

Pgy = Tamp static pressure behind oblique shock wave from
leading edge of ramp.

4 = distance terminal normal shock waves forward,in inches,
with reduced mass flow from choking.

k = depth of ramp, inches (50").

& = ramp angle. (120)

Cp = P32=Pnl 2
Troeeen a2

Pos

A!' = area over which increased pressure through T.-N.S5.W. acts

i . =)
~(dk sin & )

144
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Moo PRy /Pm3 Pg, Ay pRLPﬁl 5 Cp
Pes
1.495 2.03 1.0 0
1.51 1.92 1.0 0 .628 0
1.6 1.828 e Bl .685 055?5 - 382
1.7 1.825 1,76 1.278 o494 SOl
1.8 1.83 2,02 1.867 S4H1 0823 —
19 1.863 2.2 2515 5005 - 994
2.0 1,89 2 .67 3.16 - 357 1100
2.5 2.09 4,50 ol 02285 1671
3.0 2.34 6,60 13,10 -1588 2,08
P B R g
Peo T P
o R
aCp c ksin ad
R ( 2 e s ~====r‘“"’
= = ) 9
om/mo Sw ) ( "/mo :
where 8df m/po mey be found from Ref. No. 4, Shts.16-1§
M om/mo (Schlieren) 2
m/mo
1.5 559 0337 033
1.7 22,5 2631 025
2.0 21.4 1.130 043

As indicated on sheet 17, the curve for aCDR/é / is given above M {7
®/mo

by factoring the Cp curve and extrapolating to M 1.0.
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(c) 3Cp;. Ref: No. 3, Pig. No. 12,
s Altered by factor Ac/pr, = 10.18 = 248
0m/mo 40,98
M 8Cp
o b8 fon/no
Model No. 3 Model No. 6
1.3 050 -
1.41 -050 955
.51 -030 052
6 040 - 048
17 . 837 055
1,88 .029 -

As indicated on sheet 18, the results of Ref. No. 3 are of the same
order as given by the theory of Fraenkel in Ref. No. 1 for n/po = 090

where aCDLS 2 ic (Vl

Vy

- T E
o0 Sw Ve o© m/pg 9
Summary
M oC ¢C 18 acC ;
% Dg ]émﬁ/mo 2 DLS Ds/on /mo
om/mo om/mo

o 34 0 0 0 0

oH .086 0 .086 0

-6 205 0 200 -005

-8 0272 0 222 050
L6 - 317 0 ol 38 0179
32 o 342 SB10 .0873 - 260
1.4 50 .006 .060 & ool
1.6 . 358 017 046 . 329
1.8 o 358 @Bl -036 0353
2.0 . 358 O3 ~EB0) 2371
2.5 o 150 .065 -020 « 395
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[

Experimental Data leading to the estimate of Chpyp for the Arrow I with
extended L.B., Droop and Notch,

Data analysed:

Source

Ol CAL

.03 Langley

.03 Langley

Area Rule

Free Flight,
NACA,Wallops Island,
Virginia

0N
.5 (discreet M)
-8

o9

295

.98
1.0
1.05
dhel
1.15
1.23

141

N bt
o
[ B0 o B @)

Remarks

1.0 to 1.6 (Continuous M)

(2]

Symbol

X May 1955
3'x4' Transonic
Tunnel

© April 1956
Lixh?t SSWT

5| Lixlht Unitary Tunnel
July 1956

& P.A. Woodward

March, 1957
May 9, 1956
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(a) .O4 Scale Cornell
= & . - 3 == 5T - C
ODExt = “Dxgyine * %o * % - Cpp - Cpg - A%y

CDth ng and Cpp were measured on the model. Unfortunately,howevex:,

because the model was essentially for evaluation of stability and cortrol datd,onl :
'representative’ internal flows were used.

C = =1,
D, = el | c (gg) = (ooig%;
W

l‘— Ratio taken from .03
scale model

M Cp CDG
(Measured)

250 0233 +.,0015

.80 .268 +,0017

- 90 2280 +,0018

95 «297 +,0019

.98 - 300 +,0019
1.00 - 301 +.,0019
1,05 .280 +,0018
1.10 - Gl +,0020
Ll <16 +,0020
1.23 2335 +0,0021
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Opy = 24V ) | (p4y-Pes)
ot Sw q Sy
=0 (M a8y Mo 8@ 2 A He
mo ( ap )Mm2 S ;;; ‘4’(3’0)
+ 2
G L i =t =
Hi Deo bw Moo
L 2 (R H@ . 2
mc( - () (= L i g (5 Sz
I (momentum term) 1 (pressure term)
If we assume the exit area is choked:
My = 1.0
Mae s
9(Mev )
ab,/ao = ,9129
p’;*/Hq = ,5283 P@/p = py Hy He
® Hy Hop,
Ay/, = 0655 (taken from .03 Scale Model) Ay _ 85 . oilo7
G = l 103}:1,44
H&/H S(HL" e 2 .99
0 A=) (== al S
Hi)(H”) fa
Assume HL"/H losses are the sum of frictional and expansion losses,
i
where
(H“'fﬂi)f =1-fLfp %—v (Eﬁ,‘.)
<} Hi
=1-f (1) (Po) Moo
@2 @)t Em
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Mol aw |BN/ft.| Bu/p £ Ro/H,, (H‘Q—/Hi)f (HL"/Hi)exp Hy /o
x 108
o5 1128 {1.23 148000 |.018 843 2962 «937 -899
<8 {262 |1.68 202000 ] 656 .92k 875 +799
o9 1305 1 1.73 208000 B <591 +913 -858 ol
295(324 |1.79 215000 ¢ 560 .909 -850 759
.981335 z a i o541 - 904 843 oTH7
i & " " n -528 - 904 843 o TH7
1.05|357 |1.81 217000 U 498 2901 .837 Wl
1.3 4571 | 1,84 221000 " 68 .897 2832 . .729
1,15 582 " % o 440 2895 .827 S22
1.2 |389 o " - 412 -893 824 717
1.23(393 " o u +396 892 .822 o714
L0
D
Expansion Losses:
Iy / = = ot estimat al in.
(M/Hi)exp 1 42g, as imated by Stein
Moo |9(Mes) |ai fao, | m/po | Myhy i Plh/p. |A4 _g__a 103 Coyy
M Ago Sy M
o5 432 .976 . 780 S <0222 | (557 (@612 -82pl | -gohs
8 <55 o QH2 <537 221 0037 | .638 |0239 |[-0087 |-0050
-9 o574 -928 504 .092 .0015 | .683 |0189 [-0060 |-0045
295 ST 2920 493 045 ,0007 | .710 |0169 |-0049 |-0042
.98 .578 .916 485 016 0003 | .722 |0159 |-0044 |-0041
1 079 2913 8L 0 0 JTHO 0153 |-0040 |-004O
1.05 <579 -905 478 - 038 -.0006 | 776 |0139 |[-0031 |-0037
ool o5 7H 897 476 —.075 L0012 | 814 0126 (-0023 |-0035
.15 ool -890 b7l 17 —.0017 | .858 |[Gli6 | -B016 |-0033
1.2 562 881 478 — -.0021 | 911 (0106 |-0009 |-0030
1.28 <560 876 478 = 158 -.0024 | 943 |0101 |-0006 |-0030
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CBS = ( m*/me - m/mo> iﬂ X2
8m/mo o
M aCDS/@m/mO mﬁ/mo Am/ mo CDS
=5 6] Al -, 064 0
-8 .050 .55k 017 0001
09 0100 - 540 036 0002
95 il 0536 043 0004
.98 .160 5555 2500) 0005
1 ol 7 «534 050 0006
1.905 0201 5 50 @5 0007
et 226 -538 062 0009
Tl 0245 - 542 . 068 0011
12 2260 <548 .070 0012
.23 . 266 602 074 0013

The base drag correction will be assumed to be identical to that given

by the FFRM No. 6 above M = 1.0;and zero below M = 1.0,




AVRO AIRCRAFT LIMITED
MALTON — ONTARIO

TECHNICAL DEPARTMENT

REPORT NO. 71/AERQ DATA/12

AIRCRAFT:

26
SHEET NO.
PREPARED BY DATE
CHECKED BY DATE

ACp due to modification of nose

Assumption made is that above M

from & 500 included angle to 309.

Below M = 1.0 the experimental evidence of Ref. 5 was used.

The cone base area assumed had a diameter of 40%,

M Ps/Hm : APS/H,,,, Poo [y ACDN
o = 25 &= 15°

1.33 671 463 - 208 - 347 -0035

1.5 .52l + 376 o145 o272 -0024

1.7 415 23 Jlz2 o 2 .0021

3o 2 2228 . 164 o149 .0020

2.1 <265 S .088 .109 .0019

ACpy = AlPs~Pm ) Ay
q Sw

e

e

e s S

Ay/s, = 8:73/1225

Similarly, as a check, use:

ACpy = ACPN S Aﬁif'Sw

M CpN

£=259|8=150 ACPN AGDN
1.6 1507 || 228 - 309 0022
1.8 |.499 |.210 289 0021
2.6 |.B74 | .200 .27k 0020

<i°e-=>
Peo

=1.41 the Taylor - Muccoll Theory is
used but factored through the one experimental value from the 03 CAL model.
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Summary for .04 CAL Model:

Heo CDXSting CDG CBm CDB CDS ACBNOSG CDeXt
=5 0167 0015 | -0049 0 0 =0002 0131
o8 0176 0017 | -0050 0 -0001 -0006 0136
o9 0174 .0018 | -0045 0 -0002 -0008 0137
095 0183 .0019 | -0042 0 -0004 -0009 0147
.98 0198 .0019 | -0041 0 -0005 -0010 0161
1 0218 .0019 | -0040 0 -0006 -0011 0180
1,05 0258 .0018 -0037 { -0001 -0007 -0013 0218
it 0249 .0020 | -0035 | -0001 -0009 -0014 0210
il 0250 0020 | -0033 | -0002 -0011 -0015 0209
1.23 0267 0021 | -0030 | =0002 -0013 -0015 0228
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(b) .03 Scale, Langley Model.

Cpext = CDXSting + Cpe + Cpy - Cpp - Cpg

C = +,021
DXSting ?
Cpg = pcfp»> A = (86805 = 44705) .0069 = ,0043
S 684
q
CDB = +,0004, assumed same as for FFRM No. 6.
Cpy =m (Vi - Vo ) _ (P4 = Pu ) &4 &
qS qS

Assume, as for .O4 Cornell Model, that the exit is choked.
--- mn = 081 Hq. Aq, a

ag

H, = By - £ (L/p)g - .42q = (Ei”)ﬂa; - a(f L/p + .42)
Heo :

£ - 018 (R.N.)D = 229000

* Hy = 988 x 1436 - 620 (.018 x 14,2 + .42)

= 1415 - 419

= 996 psf : o H:.},/Hl = 704
A, = .85 /side
as = 1162 fps

ol

‘' m= .8l x 996 x .85 x 2 _ .00819 slugs/sec.
144 x 1162
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Vy = My (e_a.g) g
ae
1.0 x .9129 x 1162

1052 fpso

Voo

Mes (ic_qs ap
2o

1.41 x .845 x 1162

1388 fps.

.528 x 996 = 526 psf.

Ly
&
I

00819 (1052-1388) + (526 - 447.5) x .85 x 2
684 684 144

= 0040 +.,0014

= -0026

%,
tp. = 9Cpg (mi /mo ~ m/mo) A x 2

8m/mo Sw
mi¥ = .81 Hj aje- o8l x .986 x 1436 x .73 x .97 x 2
e eE = I
S
= 00097
m, = 8He Ac p(m\ 14 x lvse ]l 8 x 2 « 116
T = 1162 x 144
S
= .0161
. CDg = +306 (20097 _ 00819y 4098 x 2
O gm0
= .0019
< Cnext = .,0215 + 0043 - .0025 - 0004 - .0018

]

20211
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(¢) .03 Langley (Unitary)

c =0 + C + C - C - C
Dext DXSt - De Dy by Dg

¢ is found from plot of CDXSt' versus
ing

B
Sting
2
[CL - CLCD;vy ],sheets 60, 61
1in

M=1:6 Run 13

5
= CDXSting “L~Clopy, O CLopgs )
-2.06 0231 -.1086 0118
.99 0199 -.0583 003k
{ .06 0191 ~.0092 0
2,19 0226 .0897 0080
4,33 0321 . 1874 0351
_2.32 02147 =176 0138
1,09 0215 -.0721 0052
_.27 0200 L ) 0006
.90 0200 .0283 0008
1.87 0217 .0725 0052
3,02 0255 .123k 0152
3.88 0300 .1658 0275
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F’I = 108
i C;-C C;-C a2
o CDXSting L LCDMln ( L LC-PI"hn)
-2,06 0226 -0865 0075
.09 0188 -0015 0
219 0223 0862 0074
4.31 0306 1724 0297
-3.35 0275 -1372 0188
=2.35 0238 -0956 0091
~1.26 0210 =0517 0027
-.29 0200 -0127 0002
.88 0202 0365 0013
1295 0226 0806 0069
2,99 0259 1195 0143
.87 0296 1560 0243
M=2,0 Bun 14
0 5 2
> “DXsting "L Lopy; (€ CLCBMin)
=1.99 0208 -0666 0044
.06 0188 0096 0001
1,05 0200 ohéh 0021
2,15 0223 0871 0076
4,28 9313 1635 0267




MALTON — ONTARIO

AVRO AIRCRAFT LIMITED

REPORT NO.

71/AERO DATA/12

SHEET NO. 33
TECHNICAL DEPARTMENT
PREPARED BY DATE
ATRCRAFT:
CHECKED BY DATE
M=2,0 Run 14 (Cont'd)
Cpy. Cr-CLg (Cp-Cpy, . )°
o XStin g DMin in
-2.2k 0220 -0682 0046
-1.25 0201 -0302 0009
— e 0194 0087 0001
e 0202 0l52 0020
1,89 0226 0832 0092
2,95 0261 1210 0146
3.79 0298 1490 0222
Giving:
M &
Dy +
XStlngHin
1.6 0193
1.8 0199
2.8 0192
&, - Eo q = 9pw Mu S, = 1.103
qSw 2
where Xo = [(X]_ ~ 2500} 1.081967 + Xo - p@] Ac
where %; and X, are W/T readings
LB X2 Peo Ac Xe q Cp,
1.6 |1495 | 2134.5| 395 .0069 Lok9 708 0058
1.8 1421 | 2134.5| 293.4 4,65 665 0063
2.0 [1287 | 2132.4| 214.5 4,18 601 0063
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€p =m (9129 e, 42 de Dy Ay 2
e = ) Sw +(‘I'§;", k) Sy SMes
1 1
i.e. exit is assumed choked as was other W/T models.
where m  _ .5787 Ay (Hq )
i Az Hee ¢(Moo )
= 5787 x .655 x( E’?_)
Hen @(Meb)
Hy = (X3 - 2500) 1.069219 + X,
where X, X3 are W/T readings
M| Xo X3 B, |Heo | B [o(Mew) | m/mo |&w/8o |Hy/,
Hi =
1.6 | 22945 1600 1172 | 1680 [7l7 | .2629 0572 .8133 | 698
1.8 | 21345 LB 1145 |1680 | .722 [.4022 o B4 o0 || 682
2.0 2132 1421 980 {1680 | .658 |.3429 645 < 7H54 | .583
M 9129 (&g I o i Cp
e /o, i
1.6 . 702 -0056 157 +.0034 -0022
1.8 0651 -0074 2,06 +,0050 -0024%
2.0 GBI -0082 2,41 +,0054 -0028
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Cpy = [(m L2500l 109173 v X - p,,] L 004722
QSw
1.6 820 2134.5 395 708 -0006
1.8 693 2134,5 293.4 |665 -0008
2.9 6138 2132.4 214.5 |601 -0008
Cp, = 3Cp (m#/mo - 0/ po) x 2
om/mo Sw
w¥/mo = 5787 45 ¢ (Fi B
5 He ' 9(Meo ) L 1608 153
Mo (o Hi/ﬁw (M ) mﬁ/me n/mo aCDS//am/mo CDS
1.6 097 2975 o§629 .661 2572 0335 0020
1.8 097 2945 4022 - 725 °6§4 - 355 .0019
2.0 «97 .885 . 3429 801 645 82 .0038
Summary .03 Langley
M CDXSt e €D, Cpy CBB CDS En
1.6 0193 0058 -0022 -0006 -0020 0203
1.8 0199 0063 -0024 | -0008 -0019 0211
2.0 0192 0063 -0028 | =0008 -0038 0203
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(d) Area Rule, Summary of data available:

Ref: Date Config.

5920/20/3 March 4/57 500 nose
45,1" ejector

u ¢! 300 nose
45.7"ejector

624k /20/3 March 18/57 30° nose
39" ejector

Oct. 23/57 30° noese
39" ejector
t t

5920/20/J  March 4/57 300 nose 39:ejector
' 4

n [+5°7" "
" 5703" n

Cpy + CDrpr

0164
Ol4k
0163
0161

Oll4
0089
0080
0064
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Area Rule Estimate - Ref. IDM 6244/20/J
F.A., Woodward
March 18/57

CDext = CDAR + CDSF

where:

CDAR is the Area-Rule estimate for the Arrow,with J75 intake and

exit,of wave and interference drag.

CDSF ig the additional drag contribution due to skin friction.

7]

S CDeXt = 00161 + 00065 = 00226

The drag decrement due to enlarged ejector, Arrow 1A configuration,
is: Ol61-0145 = 0016

Ref. IDM Oct. 23/57

BEffect of nosef reduction in conical angle of 50 to 309,

ACpy = .0164 - 0145 = ,0019 Ref. IDM 5920/20/J
F,A, Woodward
March 4/57

From sheet 59 it is seen that approximately 70% of the Area-Rule
estimate was realised in W.T.T. It is suggested,therefore, that the
improvement in external drag due to enlarged ejector (Arrow 1A) is 70%
of 0916, d.e, O]
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(e) Free Flight Rocket Model No. 6 ' 1/8 scale,

CDext = CDx = ADpitot = ACDBoom - ACDFin ~ ACDp. . - ODy - Chy

= ACDTrim - ACp; - CDS
where:
CDX: total drag measured during deceleration of model.,

ACp pitot: Pitot commection.

Ag : Boom cormection.
DBoom

ACp.. ¢ Oversize fin correction.
Fin
ACDEakes: Rake correction,

Cpg: Base Area correction, CDB = (PB - Po )AB

g>
Cpy# Momentum correction, Cp, = m(Vi=Veo ) + (Dy=Des )&y
m = 8Hy Ao g(Mg)
8o
m-»i* = 81 Hj Aj o
cc
Bl & =(HA&§(A40'\, oMy, )
Hi' Aie” 5787
Ayr = 29,6 W = e oE 293
Aid"‘-:- 24‘04 Ai = E

25,28" £ .97
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Meo Py Hy, JN Py ag Cop Ple /g, Cy,
1.6 [ 97.05 | 51.38 W 13i700 ] 820 {63138 b =000 «721 024
1.5 12800 |'a..67 | 15.35 | 8.308 [5755% | _0069 N 028
1.4 | 23.36 | 34.66 |12.77 | 9.30 [48080 | -000% 673 035
1.9 | 9.4k | 2890 | 12026 116,05 |46003 | 6003 672 033
1.2 |16.3% | 28.35 | 11.83 | 16.50 132921 | -Q002 : 019
1.15 ('15.26 L2250 | 1067 |[16.75 |20782 | -0002 " 010
1.1 | 1%.36 | 2n.es j11.50 [(10.B5 |26796 | -CEQL . 002
1.05 | 13.30 | 19.40 |11.30 |11.08 |2404O | -00OL .685 61l
1.6 |l a2.62 Jus.ze (1.0 | il g5 Pl 0 691 -0k2
Meo | My ACpg, He | 8¢ o(M4) | Hyj H, n/mi ¥
ake Heo Ja:e)
1.6 | .699 -0001 | 58.44 | 1368 2529 975 2903 | 1,000
1.5 <773 " 48,60 | 1333 0552 +985 871 | 1,006
1. | 774 - 40,64 | 1303 S5k 2986 866 | 1.000
1.3l T 39,97 [ oq ool 988 -861 2991
1z i o 28560 | 2By s .989 .857 -.987
115 " T 26,54 | 1240 p 2990 857 | .991
L E g 24,55 | 1230 ? 2 866 |1.000
165 | 756 X 2069 |12 548 . 863 | .992
1.0 | o788 4 21 ol oig o Sltk ’ -879 | 1,001
B

It is seen that the intake is choked, and thus no spillage

correction need be applied; i.e. CDS = Qo

drag




AVRO

MALTON — ONTARIO

AIRCRAFT LIMITED

REPORT NO.

71 /AERO DATA/12

SHEET NO. 45
TECHNICAL DEPARTMENT
PREPARED BY DATE
AIRCRAFT:
CHECKED BY DATE
VL} = ML} aj = IVIL}, (ili, a@ Voo = Mes (ii)ae
ago &
M /a0 vy Voo n® o (Vy-Ves ) | Ay (P4=P|) Dy Cy
1:6 2954 912 1779 2825 715 690 25 | 00Ok
1,5 o945 975 1662 701 48l 439 k2 | 0007
lok ” 952 1546 .605 359 314 45 1 0009
1.3 - 945 931 1429 0521 260 212 481 0012
1.2 3 919 1325 0448 182 133 49 1 0015
115 t 902 1269 o419 154 106 48 | 0016
1.1 ! 898 1214 0391 124 80 4@ 0016
1.05 <9k 877 1160 . 364 103 59 4| oo1s
159 948 861 1105 0 341 84 45 39| 0018
ACDpyps, = Trim drag correction, 6, = 5941! Refi, 27

Ag 5.5.89./in.
ACBi: Induced drag corzection, i.e. drag due to 1lift on model.
ACDQ = C = C}) - Refo 2?
S
M ACBTrim CDGL CBCLC I_\GDi CDX Hy M
DMin

1:6 0033 0230 0228 0002 .0270 -880
15 .0029 0230 0228 0002 -0273 -857
1.4 .0028 0233 0231 0002 0278 853
1L 5 - 0037 0232 0231 0001 . 0282 .851
1.2 .0048 0231 0231 0 . 0284 848
it - 0048 0230 0229 0001 .0284 848
1.0 - 0049 0223 0221 0002 . 0282 .858
1.85 -0058 0207 0206 0001 0273 - 85%
1.0 .0100 0165 0160 0005 .0226 .870
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Pikot Pressure Rake

aerofoil shape,

13 pitots imbedded in an

30 x 8)

.10 pd
as

t/, = ““"/:s.os = T.7%
< = B, wd s 7
deo Sy
v My L e 61
R g = X s 075 X T X o2 X = X
G2 ¥ : 1.564 12
c . B, pp i e,
D’ﬁakefA/Q =i 2 . gs
= L0867 P4
gs
With interferenc ffects use CD /
o, interference effects us Rake// A/C
M pd as GDRa}:e / A / c
1.6 .S 63138 = ,0001
1.5 28,99 57554 "
b 23,36 48080 it
1.2 19,44 40003 #
1.2 16,34 32921 i
gl 15,260 29782 i
ls1 14,16 26796 1
1.05 13.3€ 24040 o
1.6 12,61 21474 o
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Pitot Drag

Assume drag of pitot is eguivalent

e 75

%

o

285

\\ féw

o

wedge aerofoil.

to an isolated cylinder and double-

a) Cylinder CDO ref. Hoerner Fig., XVI-14
o 6 s e e e
= o ~ i
e Su L 1225 x 144
= 1.78 Cp_ x 10=2
b) Double Wedge t/o = 16.67%
Cp, ref. Hoerner Fig. XVII-11
Cp = €p 0w & _Sp A _ fpy 1.5 x2.875 x 64
4 5 Sw 1225 x 144
= 1,56 Cp, x 1077
M Cpoleyl) Cpg(dbl.wedge) |Cp(cyl) | Cp(D.W.) | Cp pitot
10% t/c

1.6 1.6 O3 00003 00013 0002
i 1.55 035 00003 00015 0002
1.4 iy Ol 00003 00017 0002
13 1.45 055 00003 00024 0003
o 1.4 065 00003 00028 0003
115 i35 075 00002 00032 0003
i 1.5 08 00002 00035 000k
1,05 .25 0825 00002 00036 0004
1.8 1.2 085 00002 | 00037 0004
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Boom Correction

Enlarged Tip Cone:

<

5 52 ”’:L,——
vfzé%:I—_:h—‘—liinﬁ :
e

uk—%50“———'

25252

sax

—— ]

Assume the drag due to build-up of boundary lsyer on the splike is
balanced by the reduction in cone angle. It is assumed, therefore, that the
drag of the boom is equivalent to an isolated tip cone.

Cp = Cp, A . Cpg
S .

W

A

L1082 © gk o
2760

T
L o, CDBoom
1.6 .38 0001
1.5 R%s) 0001
1.4 o2 0001
it 45 0002
2 47 0002
i) 48 0002
sl 50 0002
1409 o T Qooe
1.0 JLo 0001

CDb ref, Hoerner Fig. XVI-39




AVRO AIRCRAFT LIMITED B o 5
MALTON — ONTARIO REpORE NO. L1/ RO Beth/ 1
SHEET NO, 47
TECHNICAL DEPARTMENT
i PREPARED BY DATE
AIRCRAFT:
CHECKED BY DATE
Oversize Fin Ref. Po‘ Geom. 32
-0 4 [
Model Ge'ometry }V
Med"
, s L
Ap = (228 + 110.4) 176.% = 2088’
e 144

.-9’ 66" l-q—

Aircraft (Arrow 1) Geometry T
5"

2 — l
Ap = (228 + 68y 142,5 = 1478
g2y 144
= [ - =
ACDW = LDW(2083>147) = 4,98 x 10 CD'W CDW Ref., TN 4201 Pig. 5
1225
ACpp = Cpp (208-147)2 = 9.96 x 10-2 Cp. Cpe Ref. TN 4201 Fig. 2
1225

M R o N o GBW ACDW Cf ACDf ACDFin
1.6 bh,2 0037 00018 |[00190 [00019 00037
1.5 39.6 f " 00197 |00020 00038
1.4 35.6 f " 00204 {00020 00039
1.9 Sl i e 00212 |00021 00040
1.2 28.0 . o 00219 |00022 00040
1l 2k.5 e 4 00228 [00023 00041
1.0 215 0054 00027 00240 {00024 00051
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Summary, FFRM No. 63

Moo Cpyx  [P%Dpitot|®“DBoom | “Drin [“DRakes| B |%Dy  PCDrrin|A%pi  (CDg,,
1.6 | 0270 | —.0002 | -.0001| -.0004 -.0001| -0005|-000% | ~0033 | -0002| 0217
1.5 | o273 " " " | —0005 |-0007 | <0029 | —0002 | 0221
rhlorm | - s n " n | _000k |-0009 | -0028 | -0002 | 0226
1.5 |6as0 | —.0008 | —.g002]|  ® v | -0003}-0012 | -0037 | -0001 | 0220
1.2 fozey| n " " v | -0002|-0015 | -00k8 | 0 | o210
1.15\ o284 | » ! " n | -0002 |-0016 | -00k8 | -0001 | 0208
1.1 | 0282 | -.000k n " v | -0001 |-0016 | -0049 | -0002 | 0205
1.08le2rs] o gl " | _0001 |-0018 | -0058 | -0001 | 0186
1.0 | 0226 | n _ovel || —oeos]l & 0 |-0018 | -0100 | -0005 | 0094
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Estimate of Cpy and Cp, for the W/T Models.
M [Hig_ |2 Po /iy | Bfag | BB/ |Bajg | 9w ) | Bjgo | I
D Sy d E Heo
Intal?e Ol - i
Tests
o5 099 5.71 <843 <976 1.0998 +890 o432 . 781 | 0222
-8 -99 2,23 +656 942 1,199 - 790 <957 -537| 0037
1.0 299 1.43 -H28 2913 1,250 o 740 «579 JA84| O
1.2 -989 2992 o412 .881 1,281 - 708 0562 478 |-0021
1.5 -985 63> 0272 .831 1.290 .695 492 <535 [-0047
1.8 -945 A1 J17h - 779 |.267 678 402 640 {-0073
2,0 - 885 « 357 .128 <THS o242 643 o 343 o711 |-0090
Hy = By - o(f Ljp + 42) = B - 6769
_ 2
H@/H = Hifp - 676 Xa(gfg)@ﬁL
= Hes 2
Cpy = m_ [ 9129 ggbal,] 2hc + (05283 (Hw) (Hy)-11 Ay 2
- = [Moo (&w) S <s (’55;:‘L (ﬁél } Sw Mt
I I
mie s el (éi)(ii@) = I (%'I%_g) (Moo )

Cp, = 9Cp,

om /mo

(mﬁ/mo = Age

Sy
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M g CDH aCDS/am/mo mﬁ/mg Cpg
5 <0270 { =0048 0 A 0
-8 -0087 | -=0050 -05 2554 0001
1.0 0040 | -0040 178 .534 0006
1.2 -0010 | -0031 260 548 0012
5 +0024 | -0023 316 s631 0020
1.8 +0050 | =0023 352 725 0020
2,0 +0060 | -0030 370 ~EL 0022
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AIRCRAFT:
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SHEET NO. o)
PREPARED BY DATE
CHECKED BY DATE

Skin Friction Contribution (scale effect)

It is assumed herein that transition to a turbulent boundary layergc
occurs at transonic speeds due to shock development on all models of this

investigation.

At subsonic speeds it is assumed that the fuselage and fin is
turbulent but that the wing is laminar to 35% chord.

" This assumed skin friction contribution to the measured drag is
subtracted to give interference plus wave drag for the model (and for the
aircraft). To this interference and wave drag is added the turbulent skin
friction drag contribution of the aircraft. A constant aircraft skin
friction drég contribution is used for convenience and is assessed at the
critical design points - subsonic and supersonic cruise Mach Number and

altitude,
For the aircraft:

ReNo.= ¥ & 2 50 x 105 at M .92, 40000°
¥ and M 1.5, 50000°

Al

Q

e e Cf = 0002 Refo TONO 42019 Figo 2

ACpe = Cp _Awer = 2002 x 4000 = .0065
S, 1225




ﬁgfgorj :ﬁ(‘);!;i;rg L RELO TN 71/AERO DATA/12
SHEET NO. 60
TECHNICAL DEPARTMENT
PREPARED BY DATE
AIRCRAFT:
CHECKED BY DATE
M i B G Cr ae Cp Cp
= 10-6 (turb) | (lam) - Yiint
5 o131 1.49 00390 00110 0096 0035 0100
.8 0136 2.63 00360 00094 0087 0049 0114
.9 0137 2.09 00360 00092 0087 0050 0115
.95 0147 2.16 00355 00090 0085 0062° 0127
.98 0161 2 16 0035 o 0084 0077 0142
1.6 0180 2,16 0035 " 0084 0096 0161
1.05 0218 219 0035 = 0114 0134 0199
1.0 0210 22 0035 = 011k 0145 0210
1.15 0209 2.00 00345 & 0113 Olihy 0209
195 0228 20 00345 - 0113 0163 0228
1.41 0211 1.74 00350 & 0114 0146 0211
1.5 i S A = 0065 0161 0226
16 0203 2,68 0032 = 0105 0138 0203
1.8 021 2.56.| 00315 = 0103 0146 0211
2.8 0203 9,91 | w83 2 0101 olas . | oz
1.6 0217 Ll 2 00200 - 0065 @l52 |l 0zl
15 0221 39.6 00200 - 0065 0156 0221
1.4 0226 35,6 00205 = 0067 0161 0226
1.9 0220 7 00215 - 0070 0155 0220
1.z 0210 28,0 00220 ~ 0072 0145 0210
Tl 0205 24,5 00230 = 0075 0140 0205
10 0094 215 00240 = 0078 0029 0094
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REPORT NO.

71/AERO DATA/12

SHEET NO.

4

PREPARED BY

AIRCRAFT:

DATE

CHECKED BY

DATE

(f) Estimate of P/Aero Data/27, Feb. 12, 1954, (A. Marshall)
% ’

5 0087 0 - 716 0 0087 0

o7 ] <02 .582 00056 0093 0006

.9 P .10 540 00308 0118 0031

9k " .128 537 00397 0127 0040
1.9 0137 170 2555 00530 0190 0103
o 0164 225 o541 00692 0233 0146
1.2 0159 2260 2555 00776 0237 0150
13 0154 285 2575 00812 0235 0148
1.4 0151 . 302 602 00806 0232 0148
o5 0148 «316 632 00779 0226 0139
1.6 0148 329 661 00748 0223 0136
1.8 0147 .352 =725 00648 0212 0125
2.0 0147 o 7L .801 00495 0197 0110

Adding on the drag of the intake due to spilled air of mass
ng - miﬁ
o
Cp, = 9Cpg (1- miﬁ/mo) 2 §£
W

am/mo




AVRO AIRCRAFT LIMITELD
MALTON — ONTARIO

TECHNICAL DEPARTMENT

REPORT NO. 71 fAERO DATA/12

SHEET NO.

&5

AIRCRAFT:

Additive Drag

PREPARED BY

DATE

CHECKED BY

DATE

ﬁ 5
M. G mj~/ aCp bmipo |Gy | (No Intake)
= - s/am/mo / GDext

) 0131 . 716 ¢ - 284 0 0131

-8 0136 «554 .05 J46 10015 0121

o9 0137 -540 il 460 10031 0106

095 0147 o536 ol 37 JH464 10043 0104

.98 0161 0535 .160 465 10050 0111
1.0 0180 «535 -170 465 10053 0127
1,05 0218 0537 0201 463 |0062 0156
it 0210 LAl 0225 459 10069 0141
1.15 0209 -548 .245 452 0074 0135
1.23 0228 <561 0266 439 |0078 0150
1.41 0211 -605 - 304 -395 {0081 0130
5.6 0203 681 o N2 .319 10070 0133
1.8 0211 «725 - 352 275 0065 0146
2.0 0203 .801 0372 199 10050 0153
1.5 0226 Sle 32 916 .68 |0078 0149
1.6 0217 681 - 329 .319 {0070 0147
1.5 0221 Sz o DH6 . 368 {0078 0143
1.4 0226 602 - 302 . 398 (0081 0145
1.3 0220 575 - 285 425 10081 0139
1.2 0210 oo +260 45 10076 0134
il 0205 LAl -225 459 10069 0136
1.0 0094 -505 -170 465 10053 0041
The Additive Drag gives a measure of the sizeable drag contribution

of the intake to the aircrafi drag.
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AVRO AIRCRAFT LIMITEL

71/AERO DATA/12

MALTON — ONTARIO RREGRI IO 2
SHEET NO.

TECHNICAL. DEPARTMENT

PREPARED BY DATE
AIRCRAFT:

CHECKED BY DATE

History of Estimated Drag of C105

J.Lucas A Marshall

Sept, 13/51
P/Aero Data/4

P/Aerc Data/27
Feb, 12/54

M
C =+ .95 0090
1.9 0138
1,025 1,6 1575
J.Lucas

May 28/52
P/Aero Data/6

Eon o olial ol Ro o ey
il

9

A

Q

b et o o Bt e pd b e
=3 ONVATY s L PO O O

Q

0087
0130
0153
0154
0152
0148
0144
0141
0140

»

(U]

E“‘:

)
e

o o

wn

o @ o o o
OND 01 YT W N - OO

©

PO e e Pt e e e

@ © O o

.95 00865

0136
0162
01635
0161
01585
0154
0150
0148
147

]

W

]

8]

Latest drag o

S.Singer
Oet, 1956
P/Aero Data/74

Q

RS ORRCEN e o o e BRI OR e
gl An

N B bt fed (e (o pd e Bl e o s

©

OO QO3 OWATT o> L N = bt O O

: Chyin
0090
0092
0126
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0205
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0228
G250
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0232
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0z39
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TECHNICAL DEPARTMENT

REPORT NO. 71/AERO DATA/12

SHEET NO.

70

PREPARED BY

AIRCRAFT:

DATE

CHECKED BY

DATE

NAE Contribution to Drag

1/80 scale

the supersonic drag rise.

1. NAE-122 31 May 1955
M CDO ACh
53 0083 0003
oH7 0100 0020
.60 0087 0007
.63 0083 0003
675 0078 -0002
o 25 0078 -0002
il 0078 -0002
.83 0083 0003
. 845 0090 0010

1535 0240 0160
1.46 0246 0166
57 0228 0148

ACp is
2, NAB-AE-46h 31 Oct. 56

M CDO 4ThH

1.35 0237 0157
157 0212 0132
1.78 0210 0130
2,03 0202 0122

1/80 Scale

6

RN 1.15%1.74 x 10

R.N. 1.96%1.68 % 16°




AVRO AIRCRAFT
MALTON — ONTARIO

LIMITED

TECHNICAL DEPARTMENT

AIRCRAFT:

REPORT NO. 71/ABRO DATA/12
SHEET NoO. n
PREPARED BY DATE
CHECKED BY DATE

3. Lstimate at M 1.4 given in NAE-LR-87, P/Aero Data/48, March 1954

Body
Wing
Fin
Canopy

Miscellaneous

Spillage

Priction

CDe
ACp

{1

NAR

0094
0048
0008
0014
0009
0008
0062
0235
0155

Avro

0065
0047
0010
0010
0010

0062
0204
0124

The NAE estimate has been altered to give CDQ based on 1225 sq. ft.

k. NAE-AE-46F

October 28, 1958

RoNo 2.0 = 2,83

M ACp
1.22 0123
1.35 0138
Lo 0115
1.78 0120
2.03 0080

1/50 Scale, Reflection Plane Model




AVRO A/RCRAFT LINMITED
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TECHNICAL DEPARTMENT

REPORT NO. 71/AERO DATA/12

SHEET NO.

72

PREPARED BY

AIRCRAFT:

DATE

CHECKED BY

DATE

Bo  FIE-B t/o Wb Cr - 67
M Cp Cp, ACp
694 | - 0102 0092 -0006
o7l 0112 0102 0004
.79 0108 0098 0
.803 106 0096 -0002
.857 0109 0099 0001
<874 0107 0097 -0001
9 0114 0104 0006
.92 0116 0106 0008
2925 0111 0101 0003
.925 0122 0112 0014
.939 0131 0121 0023
295 0187 0177 0079
.95 0198 0188 0090
.975 0253 0243 0145
. 104 0284 0274 0176
1652 0287 |. 0277 0179
1,066 0291 0281 0183
1.072 0291 0281 0183
1.099 02905 | 02805 01825
Lo 0287 0277 0179
1.130 0284 | 0274 0376
1.148 027951 02695 01715
1.167 0276 0266 0168
1.18 027351 02635 01655

Cpg = Cp = -0010

AFTR-AFFTC-54-14




AVRO A/RCRAFT LIMITED 7 ?l/AERG BAT&/:LE

MALTON — ONTARIO RERQRINOD:

SHEET NO. 73
TECHNICAL DEPARTMENT
PREPARED BY DATE
AIRCRAFT:
CHECKED BY DATE

6. Avro WTM and FFRM Program:

+O4 CAL 5 0100 -0005
.8 0114 0009

9 0115 0010

85 | eiey 0022

.98 | eibg 0037

1.0 0161 0056

1.05 | 0199 0094

1.2 0210 0105

1.15 0209 0104

11.23 | o208 0123

.03 Langley 1.41 g211 | < oies
Area Rule 1.5 = 0121
.03 Langley .6 0203 0098
L 0211 0106

750 0203 0098

FFRM 1.6 0217 0112
i 0221 0116

1.4 0226 0121

1.2 | @2 0115

i0 0210 0105

Tt 0205 0100

1.9 0094 —gunl

It can only be concluded from attached graphs that the NAE estimate
and experimental data were in good agreement and of the right order for the
early Arrow configuration, ’

Attention to detail, such as improved nose and ejector s as predicted by
such methods as Area Rule and confirmed in FFRM tests has reduced the drag
f

of the Arrow in the interim period to agree with Avro's early estimate,
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AVRO A/IRCRAFT LiMiTED 71[;&830 BATA/],Q

MALTON — ONTARIO = 77
SHEET NO.
TECHNICAL DEPARTMENT
PREPARED BY DATE
AIRCRAFT:
CHECKED BY - DATE

Comparison of Drag Coefficient as estimated from W.T.M., and FFRM to
the equivalent body of revolution drag:

The equivalent body models are Model Noo. 131 of NACA TN 4201 and the
Hustler, of NACA RM L5729,

The two models must be connected for base drag, fin ¥@®® and friction

drag, and body friction drag. This nets body pressure drag to which can be
added the aircraft nominal friction drag.

5. BBy - B c B

=E A - CGpp A A - C 3£ A =G ox
Total EEEE i 1225 Wk i ) 1575 =
e
A 1225
for Model 131
il IL LI v
CD = CDpoyay 2% - Opy 20 x 74 - Cpy 11.86 x P4 - Cr 11.86x74|
1225 1225 2 11225 1225
v
= Cf e 20 B 74+ 0065
1225
- for Hustler:
‘ I AL ILIEAL
Ey = Chr.sn SpB ip - Oy Agin - 0p Arip wet
W w Sw
S, = 6.050
Ap = T x 2,80% = 04275

4 x 144

Apin = (aonz Z 10055)(18520 - 1040> 2 4ooB’
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78

SHEET NO.

TECHNICAL DEPARTMENT

AIRCRAFT:

PREPARED BY

DATE

CHECKED BY

DATE

Arrow
x/L, x A At Al r/gp

0 0] 10.8 0 0 Q

05 45 18.5 7ot 01256 0354

ot 90 255 1200 205> 4573

ol5 L 2755 15.8 .268 ST

0 2 180 Shia 23 ) . 362 602

.25 | 225 | 47.0 34,7 589 766

-7 2768 53 40.5 .687 .828

.35 | 315 | 55.3 42,5 2o -85

N 860 =0 43,9 . 75 864

45 4085 60.3 46 .9 . 796 . 890

5 450 | 64,0 503 855 .923

<55 195 | 69.0 55.0 S 2963

ol 540 e 58.0 -985 99

<65 SloBs . g 58.8 <999 2999

7 630 73:8 58.9 1L 1.0

<75 o e 55 .4 2941 .968

540 720 65.0 49.6 . 841 917

.85 1765 [55,0 39.3 667 .816

9 810 34.0 18.0 . 306 0553

+95 855 175 852 204 M52

1.0 900 16.6 0 0 0
L = 900M
A free stream = (Hi\ e 97 gow ey 97 o5

Heo
A stream tube, ejector = T 392 _ 16,57 Arrow 1
L 144 s
= 2.0 Arrow 1A

A' is Arrow cross-sectional area with stream tube area subtracted.
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TECHNICAL DEPARTMENT

REPORT NO.

71 /AERO DATA/12

SHEET NO.

79

PREPARED BY

AIRCRAFT:

DATE

CHECKED BY

DATE

s

X

x/L | A/L? |4/12 n/g Model 131
<4———Hustler ——)
0 0 0 0 Q
5 SOl 52 5155 o
1 cilil 5 5k 2905 o
1.5 o2y o479 420 2o
2 s 7 .608 -5 34 595
25 052 .720 26731 <795
3 .69 830 . 728 795
35 .76 .870 0 .82
L .83 2910 =799 .83
45 02 1.01 . 886 .86
5 1.22 Lo L5 97 .895
55 .2 1.1 2977 .925
6 1,27 15125 - 987 .96
65 e e 1.14 1.6 985
7 1L o2 1,19 . 965 L0
75 1.04 1.02 0895 .99
8 093 . 964 - 845 955
85 .82 905 - 794 S D)
9 .55 P2 651 745
95 .25 o5 438 -585
o0 ol 5 oo 0340~L 04551—
Ba?e Drag Base Drag
b Rz
B oe
A=A = F X gi.%
R |¥r L2 617 e

A where L2 b = el
L2 E=VR% = RWm 1.3x10=2




MALTON — ONTARIO

TECHNICAL DEPARTMENT

AVRO AI/RCRAFT LIMITED
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Model No., 131

M G | Chy E 17 By Iv
.8 146 ol 35 0 00882 | 00163 0 00223
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-9 L6 # 2 00972 e i 00218
.95 <212 o1k 0004 [01280 | 00169 00015 00216
1.0 395 .20 0054 |02385 | 00242 00194 00212
555 425 20 0038 02565 | 00254 00136 00207
el o5 0037 H 00242 00133 00204
LAy 425 .19 i 2 00230 g 00200
i 423 n " 02555 . u 00199
.25 420 H " 02535 n i 00197
M v Cp E.N. Cr
.8 00402 0074 4.5 00312
-85 00400 0077 4.8 00310
9 00394 0085 51 00305
.95 00389 0114 5ok 00302
1.0 00382 0201 573 00296
.05 00374 0224 6.93 00290
1l 00367 0227 6.35 00285
L5 00361 0232 6.65 00280
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25 00355 0227 o3 00275
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091 H 14 7
925 00262 00035 S
595 £ 1 0175
975 0026 00034 0222
1 00252 1 0219
105 00255 i 02069
e 0025 00033 i
3.1H 00247 = 0207
-2 00245 00032 o
1,25 0024 H t
i3 00238 00031 i
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Correction to Hustler Drag, No intake,

Model B Model C

o[ e | €D CDpotal Cp

-8 0085 0014 0071 = =

-85 0086 b 0072 0075 0061

-9 0090 Y 0076 0078 0064

95 0105 4 0091 0092 0078

<975 0150 0016 01 34 0120 0104
1.0 0195 0021 0174 0162 0141
L85 0201 . 0180 0168 0147
el 0190 0019 0171 i 0149
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i ) 0162 u Olhk = =L
1.4 0146 L 0128 - -
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Conclusions

Included in this composite report is a new spillage drag curve and new
external drag curve.

i The new spillage drag curve was derived on the basis of the following
assumptiong;

3y All spillage is through the normal shock only, with slopegiven for
= mﬁ
2) Ghange of ramp drag with reduced intake mass flow to be derived from
Schlieren, :
3) Change of fuselage drag with engine mass flow is negligible.
L) Lip suction relief to be taken from Ref. 3.

The new spillage drag curve shows good agreement with the Arrow 1 50
intake tests and also the curve as suggested by N.A.A., representatives from”
their intake tests on the Vlg;lanteo

II The new external drag curve was derived from all available drag data on
W.T.M., FFPRM and available Area-Rule estimates.

The drag data, when properly corrected by the methods outlined in the
appendix, collapse on a single curve with acceptable scatter. This weighted
curve indicates a reduction from the estimated external drag curve used in
Arrow 1 performance analysis at Supersonic speeds but an increase at subsonic
speeds.

When the additive drag due to the intake is subtracted from the aircraft
drag very good agreement is made with the original Arrow external drag
estimate made in Feb, 1954,

Comparison to FFRM drag data of the 'Hustler’and a model of similar
cross-section shows good agreement. The large contribution to the aircraft
drag due to intakes is again evident.

Because the WIM were primarily stability and control models certain
assumptions outlined in the text had to be made in deriving the magnitude of
the corrections to the measured drag. It is suggested that in future because
of the powerful contribution of the intake to Cy,, for example, (capture area
is 28% of aircraft cross sectional area) that more attention be paid to
internal flow.

The estimated improvement in external drag due to enlarged ejector of the
Arrow 1A configuration is ACp = 0011,

The NAE estimate and experimental data were in excellent agreement and of
the right order for the earliest Arrow configuration. Attention to detail,
such as improved nose and ejector, as predicted by Area Rule and confirmed in
FFRM teste has reduced the drag of the Arrow 1 in the interim period to agree
with Avro's early estimate.
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The method to corvect the W/T, F/F, and intake models to give the external
drag and spillage drags.

a) W/T Model

1
& o

Dext = +/pgdh + ZDy

il

Dint

-/pcdh + [ppAr - [DaAd + [pihy + [pp'dh
XSting = IDx - /Ppho + [DpAR - [ppdA + /34y + /prldA

We measure:
w® (Vi-Voo ) + (Py-Peo ) A4 = /134 - /DAR + [poho - [p.A; = [prtda
®* Dext = [p.dh + Dy

® 9

mE (Vi-Veo ) + (D4~Deo ) B4 + [Dphp=/Dghd + [pyh; + /pr'dA + IDg
= Xgting * JPpdh + ¥ (Vy-Voo ) + (py-p )4,

Or in coefficient form:
Cp = D
CDeXt = CDXS’ting * CDb % CDM 4 o
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(b) Free-Flight Models

bs

o

R
&-ﬁ% ‘
\w
@ oD

Lie TRRONT

S’

The free~-flight model is not utilized to assess the spillage drag, but to
give the total external drag, as defined i.e. the shock structure and internal
flows should simulate choked thrust flows,
choked flow, must then be subtracted to give the correct Cp .

The total change of momentum,

where m¥ (V4-Veo ) + (Py-Pro )M = [P dA - [Dphp + fghAd - [pi Ay

But  wf (V4-Vy) + pyhy - p1A; = [pghd - Jp, A

- Jpp'dA

m¥ (Vy-V,) + pydy - Dphp = [pghd

Thue then is

Dint

#

Dext =

Dext

1]

I

+ any correction due to model
differences in geometry (fin,

rago.

“ to find Dext when Dint

no correction, exceot that due to /pghd being different
i.e. calculate f[pgAd for the model
and subtract, then add on [pgAd for the A/C.

than the A/C itself ,

D Tm&—g

W

(2.3

-/paA + [p AR - [pgAd + [piA; + [ptdA

+/pdA + ZDy

(Dext + Dint) - Dint

+ Dext is measured

(Dext + Dint) + mk (Vy=Veo) + (py-Pw )Ay

instrumentation (boom, pitots, rakes)5
camber,inlet = exit}, trim drag, induced
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(e) Intake Model

by’ i
E@ % | STine
: L3
<1\ ! o
\\
@ @ ®
FREE INLEAM LiP  TeleaT CoR$sor Flowy Coitol
FACE. SHTOR
We want to know Afpd}\. = fplcm - fpsz
where subscript 1 refers to choke throat o
2 i some reduced mass flow m

Xsq = JpgdA = /pghd + J/pphw + [ppdA + [p dA - [ppagedh + [ppdA
+ fpr'dh

We measure: m(V3=Ves) + (D3-Des )JA5 (We could measure the momentum change
to stn. (4) bug ‘this would include fppdA which is carried by
sting),

which equals: -/pdA + /p;dA + /ppdA + /p,dA - [pgAd + Joeh, + [prldd

:cfpdA fpid.A + [ppdA + [pydA - Jpghd + JpeAr + [prldA
= (V3-Vw ) = (P3P ) 43

= Xgp + /Ppage 94 - /Ppdh - m(V3-Veo ) - (Pg=Pes ) 43
o . Spillage = Jpidh - JfpydA
= [XSGl = XSGE] i [fpbasel dA - fpbase2dA] = ﬁ(VB“VA'JO)

+ m(Vjcha) - (pjlapBZ) A3

where fpfd.A is fuselage wing drag unaffected by change in engine mass flow .

fprdA Ll H affected # t ]




