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SUMBIARY

leasurements of 1ift, drag and pitching moment have
been made in the No, 1A Wind Tunnel at the College of Aercnautics
at a speed of 132 f.p.s. on a model rocket supplied by the
Armement Research Establishment, Woolwich, The model was
tested with three different tail spans, and with no tail.

The tests made showed that the increase in static
stability was almost directly proportional to the mnet span of
the tall fins., TFor small angles of incidence the fin effective-
ness was the seme for the fins mounted vertically and horizontally,
and for the fin assembly rotated through 45°., The model was
found to be statically stable ebout its point of suspension for
all three fin sizes, and no unsatisfactory characteristics were
observed over the test range of incidence from =12° to +189,

The experimental results have been compared with
estimates based on slender body theory.
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Notation
= ZD2 = Drag Coefficient
.1
zpV S
L . P
=" V2 = Lift Coefficient
2PV
3
= - M2 = DPitching Moment Coefficient
zpV 81
= Dl‘ag
= Maximum body dismeter
= Lift
= Length of body
= Pliching moment about point of support of model
= Static pressure in settling chamber
= Atmospheric pressure
= Maximum cross-sectional area of body
= DBase area of body
= Wind Speed
= Incidence of body axis to local free stream direction
of flow ‘
= Alr density, -



© 28 Introduction

This report gives the results of an investigation
into the static stability characteristics of a model rocket
supplied by the Armement Research Establishment, Woolwich,

- The investigation was made in the No. 14 open jet m.nd tunnel
... at the College of. Aeronautics: during April ‘1955. S

' About one year prior to these tests a s::.m:n.lar set of
tests was mede in the No. 2 open jet wind tumnel at the-College
of JAeronautics on a model rocket of similar size, but of .
different mose and fin shape. These tests, in which the model
was supported on a tail sting, were not entirely satisfactory,
due, it was believed, to the fact that the moments were
measured about a po:z.nt far aft of the centre of pressure, In
plamning the present tests it was therefore decided to measure
the pitching moment sbout the centre of graevity of the rocket,
and to pay particular attention. to the accuracy of the resul’cs.

The results obtained from the present set of tests
are considered to be satisfactory. After applying a few simple
correction factors, which are described later in this report, it
was found that the results were very nearly symmetrical for
positive and negative incidences, and that, to within the limits
of experlmental accuracy, the 1lift and pi L,ch:mg moment were in
all cases zero at zero :anldenoe.

3e Description of Apparatus R

The tests were made in the No, 14 Wind Tunnel at the
College of Aercnautics., This tumnel, which is of the open
. working section, return flow type, has an elliptic cross-section
jet, 40in. wide by 27in. in depth.

The main 1ift balance is calibrated in grammes, but
as rigged for the present test could only be read to within
about -li 5 grammes., The drag balance is likewise calibrated in
grammes and could also only be read to within sbout +5 grammes o
The tail balance is calibrated in 0,002 1b, increments. Under
the conditions of test the tail balance could. JuSu sbout be read
to this lzm:d: of accuracye.

The model, which was full scale, is shown in Fig. 1.
The body of the model was constructed of mehogany with steel
inserts in the tailpiece and at the'poin“t of suspensions The
teil fins, which are illustrated in Fig. 2, were made of gauge
plate 0,048in, thick. The leading and ‘sralllnc edges were
left square, ' '

The tail piece of the model was rotatable through 360o
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about the longitudinal axis of the body, It was also detachable
50 that the different fin assemblies could be fitted into the
~tailpiece, /

The method of suspension of the model is illustrated
diagramaatically in Fig. 3. The model was suspended from the
nain 1ift balance by a streamlined steel strut having a thickness
cnord ratio of 15 per cent at the model end decreasing to 11 per
cent at the balance end, The model was freely pivoted about .
this strut through a ball race, The incidence of the model
could be adjusted by a worm operated winch on the tail balance,

e Detalls of Test

The model was tested over the meximum cbtainable range
. of incidence from -12° to +18°, Measurements of 1ift, drag and
pitching moment were taken for each of the three fin sizes, and
on the body alone. The tests on the model with fins fitted
were made with the finsg- ‘ : '

" (2) horizontal end vertical (), end
" (®) at 45° to the vertical (X).

No transition wires were fitted to the fins, or to
the body, for the fin on tests,

. The tests on the body alone were made with and without
a transition wire., * The trensition wire was attached to the body
3e2ine from the nose by means of a band of 'Cellotape!, The
wire diemeter was 0,028in,

When the results of these tests were initially plotted
it was found-that the 1ift and pitching moment curves did not
pass through the origin., The following tests were therefore
made to try end account for this unexpected result,

(1) With each set of fins fitted in turn .the fin assenbly
was rotated through 360° in increments of L45° at a
time. Due presumebly to small errors in menufacture,
the pitching moment at nominally zero incidence was
found to vary slightly as the fin assembly was '
rotabted. o

(i1) The direction of flow was measured along the centre
- line of the working section ueing a Conrad type
yawmeter, Assuming the yewmeter to have been
accurately constructed it was found that the flow
was inclined upwards by ebout 0.5 to 0,6 degrees
to the horizontale = ...
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(i) The zero readings of the balances were measured wind
' off and wind on., The observed valuecs are tabulated
belows~" s
P, =P, Lift Drag - Tail
Balance Balance Balance
(in H,0 | (gms)e (gms)e | (Ib.)
0 120 10 0404
L 130 - =5 0,038

When corrections were applied to the observed results ’
for the above three effects it was found that the 1ift and
pltching moment curves did then pass through the origin,

The incidence is considercd accurate to within + 0.2°%,
- Neglecting tummnel interfercnce corrections, which are uncertain
but small, the 1ift coefficient is considered sccurate to within
+ 0,03, the drag coefficient to + 0,02, and thé pitching moment
coefficient to + 0,002, The faired curves are probsbly
accurate to better than one half of these valuecs,

5e Results

The fully com‘ec’bed results are given in Teble I,
The correctiorswhich have been applied to these results sre
(see para, L)s-

(i) a correction to the observed incidence to give the
true dncidence relative to the local free stream
direction,

(ii). a correction to the observed pitching moment to allow

for slight asymmetry of the model, and

(iii) corrections to the cobserved 1ift, drag and pitching
moment to allow for the change of the balance zero
readings with wind on,

No corrections have been made for tunnel interference
or for the interference effects of the strut and tail wire on
the 1ift and pitching moment, The direct drag of the strut in
the presence of the model has been neasured and allowed for in
the drag readings.

: The results for each size of fin have been plotted
in Pigs. (L) to (6), and for the body alone in Fig, (7).
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The curves obtained for each set of fins and the body alone

have been replotted in Figs. {8) and (9) to facilitate comparison
of the results, These curves are for the fins in the hor:zontdl
and vertical pos:ri:lons only. In Fig. (10) the static stability,
measured by the quantity =dC /da at d = 09, is plotted against
the net span of the fins.

In Fig, (11) the experimental results have been
conpared with estimates made using a combination of slender
body theory and lifting surface theory.  An outline of the
method of estimation is given in Appendix I,

The main results of the test, and a cormariscn with
the estimated theoretlcal results, are given in the following
Tableg~-

Fins ‘ 1e/ine 122104 O083%in.; No fins

£4dC. -,
i\d g}} per rads Ex’permenﬁal 8437 6,60 L 87 2,04

. a=0 _| Theoretical 8.09 6428 Lol 2.0
(\dc } per rad Experimental | -1 . 55 -0.80 ] =012 0,80

da a=0 Theoretical
Distance of Centre of |Experimental 3467 2440 0450 ~7.89
Pressure aft of Pivotb ‘
Point at @ = 0°(ins.)| Theoretical 2,87 AN ~1.15 ~8,95

6 Discussion

The fully corrected results given in Table I, and plotied
in Figs. (4) to (9), are considered accurate to within the limits
quoted in 8., It will be observed that all the 1ift and pltch:mg
moment curves pass through the origin to within less than 0,2°
The curves are also very nearly symmetrical for positive and
negative incidences, This suggests that little error can have
been introduced by neglecting the interference effect of the
supporting strut on the 1ift and pitching moment, '

Referring to Figs. (&) to (6) it will be seen that for
small angles of incidence there appears to be a negligible
difference in the results obtained with the .Lll’lS in the two .
different positions. However, sbove about 5° incidence the fins
become progressively more effective when horizontal and vertical
than when rotated through 45°,
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The body alone was tested with transition free, and
with o trensition wire 3.2in. from the nose, From Fig. (7) it
will be seen that the transition wire had little ¢ffect on. the
C,~~a curve up to nearly 10° incidence, On the other hend
iT 4id appear to have a slight stabilising effect on the C ~<qg
curvey but the effect was sc slight that it was not judged@
necessary to repeat the fin on tests with a trensition wire:
attached to the body.

The static stability as measured by the quantity - ETE
at a = 0° is shown in Fig, (10) to be elmost directly ¢
proportional to the net span of the fins, The model is statically
stable for all three fin sizes, and there are no unsatisfactory
cheracteristics over the test range of incidence fraa -12° 4o +18°,

A comperison of the experimental results and estimates
nede by a combination of slender body theory and lifting surface
theory is given in Fig, (11). In view of the crude assumptions
made in deriving the theorctical results the agreement between
theory =nd experiment is considered quite goods From the plot
of QGCI/EQ?G"O it will be seen that the fins appear to be

rather more effective than predicted by theory, Also, the
centre of pressurc appears to be from 1 to 1% inches aft of the
theoretical value for all configurations, This kind of
disecrepancy is expected in the case of the body alone owing to
the fact that slender body theory tokes no account of the effects
of viscosity, In the fin on cases the discrepancy between
theory and experiment is also due partly to the neglect of
viscositys. It is likely however that the discrepancy is due

to other effects in addition, In view of this it is somewhat
fortuitous that equally good agreement should have been obtained
with theory in the fin on cases and the body alone case.

7. Conclusions

The tests have shovn that the model was statically
stable with all three fin sizes, and that there were no unsat-
isfactory characteristics over the test range of incidence from
~129 to +18°,

Compariscon of the experimental results with theory
shows that at zero incidence theory slightly underestimates the
increment in lift curve slope due to the fins., Theory also
underestimates the distance of the centre of pressure aft of
the nose by, sbout 1 to 1% inches for all configurations of the

model,
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APPENDIX I

Egtma’clon of Iift Curve Slope and Centre of Pressure Position
at zero Incidence

Body Alone

. From slender body “bneory the 1ift curve slope at
zoro incidence is

faCL> o5

\ua v =0 —S-—

and the distance of the centre of pressure aft of the nose is

n -1 Volume of Body |

o a 8 .

distance of centre of pressurc aft of the nose

where, h 1 :
(in units of maximm body diemeter a).

b

Fins Alcne |

'The 1lift curve slope of the fins alone was estimated |
from the Royal heronautical Soc:n.ety Data Shee'ts ,2 Wings S,01403.03
and 024..

The centre of pressure' position of ti ¢ fins slone was

assuned to be at the pqsition predicted by slender body theorys
namely,

where,
x = distance aft of lea_djng of’ Wing r_ootbhord

= distance of centre of pressure aft of 1e¢d:u'1g

S edge of wing root chord
c. = wing root chord
b = local net wang span
b = net wing span at trailing edge.
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Body-Fin Combination

o The 1lift curve slope and centre of Pressure position
of the body-fin combination Wer? assumed to be given by the
slender body theory formulae =

gf acL , / acL' { acL\;
V3o = { 3o, R T B
“O %y N9 %/p L3y
aCI;*a_ {' aCL\
R‘l 3o/ CeP + J a (Xc P
« ) - AW TePe A9 Gig " CeDe’g
( oDef < aC 7 9C_
"BW R ‘--—§} + 5'——1’?
1 ‘\\ G A0 @/
. 2
) 7,04
where, R1 = U + b/)
by = distance of centre of pressure aft of any
CePe convenient reference point,
and suffix W refers to the wing alone
! B 1 ! ! bOdy L
'OWB ! ' ' body-fin conbination,
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TABLE OF RESULTS

FINS AT 90°

FINS AT 15°

C C

. g "

L m D L m D
1,7in. Fins -13 ~1492 06427 | Ou7L -2,01 Oel36 | 0477
’ -10 -143 "06320 | 0.57 —1,51 1704323 0,60
-7 -1,00 0620k | Oolik ~-1,08 0,205 Oul7
- L}- "0053 0010)-1*- 0037 "‘0053 0-101 0059
-1 =010 0,023 | 0434 -0,09 0,017 034
2 Oe 3k ~0,062 | 0,37 034 | =0.062 0.37
5 0.79 | =04155 | O kit 0.79 | =0s155 Oulidy
8. 1,23 | =06257 | 0u5L 1,25 |-0,267 0.5k
11 4 '77 o "00372 0.71 1.86 "00382 Oo?l'l-
'“4- 2016 N "10463 0081}- 2029 "00493 0094
17 2.6% | =055k | 1.18 2,72 | =0,600 1e2h
1.2in, Fins -13 -1 .61 0250 | 0467 -1,67 0.272 0471
~10 -1 021+ 00185 0052-1' -1 -30 00193 01511-
-7 ~0,90 04120 | O kik ~0,89 0,123 Oolids
~ L ] =0.48 0,065 | 0,37 =046 0,063 0e37
- -0,18 0.015 | 0.34 ~0,11 | 0,010 0434
2 0.18 | =0,026 | 0.37 0e18 1=04037 0.37
5 0456 -0,079 | Okl 054 | =0,096 Oolils
8 0492 ~0e135 | 0,50 0,97 | =0.155 0,50
11 1630 =0,206 | 0,62 1,36 | =0e231 0.62
14 165 -0,276 | 0,77 1,74 1 -04317 0,8
17 2,03 ~0.34 | 1,01 2417 | =0.408 1.11
0.83in. Fins =13 | =1,17 0100 | 0.59 -1.23 0130 0.55
' ~10 ~0,86 0,063 | 0445 -0,93 0,086 0e45
-7 ~0,6k4 0.041 | 0.39 ~0.66 0.055 0,40
-k =043k 0,016 | 0435 -0,36 0,023 | 0,37
-1 -0,.10 0 0,32 =041 0,004 034
2 0.17 ~0.01k4 | 0.35 0,16 | =0,008 0,35
5 0.1 ~0,031 | 0,40 Ouit | =0.031" 1 0,40
8 - 0,71 0,056 | 0,47 0,72 1~0,063 0.45
11 0,97 -0,085 { 0.55 . 1,02 1-0,095 0.55
14 1426 ~0,124 | 0,69 133 | =0e146 C,.70
17 1,58 -0¢157 | 0,87 1,68 | =0,193 0,89
NO TRANSITION WIRE 0,028in., DIA, TRANSITION
. WIRE ATTACHED 3,2in, FROM
NOSE
No Fins -13 =0 11 0175 | Ook7 ~0,51 | =0,162 0¢b4
~10 -0435 -0,130 | 0.40 -0,36 |~0,127 0,47
-7 - =025 =0,093 | 035 ~0,25 | =0,091 0.39
- L 0,12 ~0,0L6 | 0,34 -0.11 | =0,054 0435
-1 -0.02 ~0,010 | 0,32 0 -0,017 0«3k
2 0,13 0,028 | 0,34 Ol 0,025 0435
5 0,19 0,077 | 0435 0,20 0,06k 0437
8 0,29 0,108 | 0,40 0630 0,103 O.lidy
11 0439 0148 | OJbih 0,42 0,13k 0,47
14 0451 0180 | 0,50 0,56 0,166 Oubh
17 0e6l: 0,200 | 0,60 0,71 | 0,195 1 0.6k
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