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Technical Note No.- dero 2211

November, 1952

ROYAL ATRCRAFT ESTABLISHMENT, FARNBOROUGH

Iow speed tumel tests with Jet flow répresented on a
1/5th scale model of a twin Jet fighter with an
unswept wing and V~tailplene (Supemmarine N 9/47)

by
D. A - Kirby, B.Sc., 4.C.G.I,, D.I.C.

R.AE. Ref: fero W/S 1952/R

| SUMMARY

Iow speed tunnel tests have been made on the Supermarine N 9/}4.7
to check the effects of the Jjet flow on the longitudinal stability and
to test the V-tailplane. Measurements of the velocity distribution
behind the exit have been made to check the effectiveness of the Jet exit
fillet in keeping the Jet flow clear of the rear fuselage.

. Estimation of the reduction in static stability margin using the
results of previous work (Meteor and Vampire) gave fair agreement with
the measured reduction. Modifications to the Jet exit fillet were tested
and found to increase its effectiveness. ‘
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1

1 intr;qducti_g_t;

. The present method‘l of estimating the effect of a Jet on the static
lohgitudinal stability of an aircraft depends to a large extent on tests
made on two models (Meteor and Vempire). The two engines of the N 9/47
are in the body, and the exits near the side of the body af't of the wing
trailing edge; the Jet axis at the exit is downwards and outwards rele-

tive to the body éentre line (Figs.! and 2). This layout is very different .

from the previous arrangements, so that tests on the N 9/47 were desirable
to check the Jet effects on stability end dlso to check ‘the design of exit
fillets required to prevent the jet M"sticking" to the rear fuselage

2 - Model Detalls

A 1/5th soale model of the aircraft was used for the tests. The
duct centre line, end the area and flow direction at the entries and the
exi‘ts were represénted correctly; the centre part of the duct was dig-
torted so that internal fans could be fitted. No boundary layer ‘by"pass
was represerted. Sawyer motors were used to drive four fans, two in each
duct; to provide a cold jet. Pitot combs were fitted at the exits to
measure the flow and internal thruste

No ailerons or elevators were cut, but the tail setting could be
adjusted. Transition wires were fitted to the fuselage behind the intakes
and over the cabin. PFull details of the model are given in Table I, a
general arrangement drawing in Fig.l and a drawing of the original and
modified Jet exit fillets in Flgs.Z and 3. The exit fillets are discussed

- in Section 4.1.

3 . Details of Tests

The tests were made. in the No.1 11% £t x 8% £t tunnel at the R AE.
during the period March~July 1951. Wind speeds of 20 and 120 ft/sec were
used, giving Reynolds nunbers of 0.82 and 1. 23 X 10 based on the standard
mean chord of the wing.

The technique of representing the flow in a Jet éngine by model
fans using cold air is discussed in Ref.d.

Tests were made as follows:=
(a) A static test showed that the modified Jet exit fillet (first

modification) deflected the jet from the side of the fuselage better than

the original design; and this modified fillet was used for the stability
’ce-sts. ) '

(b) The flow distribution behind the exit was measured at Y.\er_x.if. = 1.75,

including the effect of sideslip. . ‘0
(c) Measurements of Op, Cp and G were made with the fans windmilling
C’exit = O,9> and. with Vexi‘b_ = 2.25 and 34. It was necessary to

o . vo '

réduce the turmel speed from 120 ft/sec to 80 £t/sec to obfain

Veixci
Jexit Fulia
- = ) :

[e]

(d) Measurements of d'n,,'Gy and Cp were made with the fans windmilling

. Ve
and of" and with texit - 2,25, ) '
- b -
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" stab:.l:Lty me asurements were made.

_be kept suff:.c:.ently cleaxr of the body. .
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() The second modification to the Jet exit flllet w3s made. on. one side
of the model. The effect on the flow beh:.nd the ex1t wWas obfa:med but no

‘.‘ REPRC Y

The coeff:.clents w:L‘oh f’ane w:.ndm::.lltmg have been corrected to ze o"'

: thrust cbndlt:tons / ;mt ‘=" .0> before presenhat:.on in 'hh:.s report.

- . RN <R R . R . =
R o t‘:\ . n S » SRR R
. T Results and D:Lscussn.on

Lot° Velocu‘cy dlstrlbutlon behlnd the je‘c ex1t - tests with varlouo ;je‘b
exit Fillets... .

. TPor the N-9/47 a Jet exit fillet.is required to prevent over-hot
alI‘ Msticking™ to the rear fuselage.. .The original’ Jet exit' fillét was a2 °
&oncave projection from the body, but as.it did.mot £ollow a cylinder with
the jet centre line as axis,.it seemed likely that over-hot a:.:r m:.ght not

Hot alr was not ebta:.nable for the “tunnel ‘ces’c, .80 veloc:x.ty
traverses behind the fillet (Fig.2) have been made to assess the. eff:.ciency
of the £illet in controlling the Jet flow. - Since the exit is near the wing
Wake it is not easy to interpret the wélocity measurements 'ih terms -of heat.
For .the static case - (zero tunnel speed) 35% of the maximun Jet veloc:l.ty Was
ob’ca:med at .the s:Lde of the fuselage with' tne ongl.nal fillet (F:Lg. ‘

'.’L‘wo mod:.f‘:.cat:uons to fhe jet exit fllle‘c were therefore’ tmed (F:Lgs.

2 and 3) For the first of these the general size of the fillet was

unaltered, but it formeéd part of a cylinder giving the jet direction,
though it was not symmetrical sbout a generator. This fillet diverged
more from the body direction. then fthe- original, ‘and’ sharper edges were
provided. 10 help the flow break clear of the body. The second modlf:.ca‘blon

was. des:.gned to assist the flow of cdld air between the body, and jet, fie

‘chammel between the jet exit snd beody was deepened, the fillet made "shorter
and symmetrical about a cylinder generator, and the flllet was suppor‘bed on
a sllghbly wndereut fairings -

The effect of either mod.lfled f:Lllet was to reduce 'the veloc:n.ty at
the side of the fuselage from 35% to 5% of the maximum Jet velocify. The
results ave shown in F:Lg,s.l.*. and. 5. i

e Follqwmg ’che stat:.c tes‘b various flow measurements were made wzth'
w:.na on, - .suggesting that an mpmvement might bé obtained in this cage .~
also.” A11 the results are not given since their quantitative 1nterpreta‘clon
in tems of heat is not possible because of the wake of the wing and engine
housing. :. ’I‘,he two distributions shown.in Pig.6 demons‘&ra‘be the superiority
*of “the second modification in keep:l.ng the .higher velocities away frém the

body
T N I L 1
he2 LODFYudingl s‘bablll't;y o . . E R

o 1y
W : .-

" -

14..‘21 Je’c eff'ects on 1:|.f'1: and pltch:mg moment

T o,

The Jet flow causes changes in llf'b and. pitching moment, becauge

_there isi=

(1) 2 Lhrust Lift and moment, - i pec ot IR ey

R BT R

(2) a change of downwash at the tal‘plamr i

- ..5.- .‘&g':..u
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(3) a'lift. and pitching moment due to the change of direction of -
the Jet on entering the duct and to the further change of direction

inside the duct. ) ‘
(4) en interference between the jet and the body near the exit.
Caloulations for (1), (2) and (%) cen be made as follows:-

) 1s calculated by considering the thrust as the chenge of momentum
which occurs between the free stream and the exit (ses Appendix and
Table VI).

(2) is celoulated by Squire’s2* Since the N 9/47 has a V-tailplane the
Jet effect on the downwash angle is calculated at several spanwise
stations and an integration made across the span. In finding the effect
on pitching moment the measured value of %—CE“- = 0.04 has been uséd.

' ny

For (3) Squire1‘ has shown. that the change of direction of the air entering
the duct gives rise to a 1ift acting in the plene of the entry which is
proportional to the mass flow and the sine of the engle between the Jet
axis end the stream direction. With an entry at the side of a body the
local stream direction is inelined to the fréé stream direction because

of the upwash due to the wing and body field. At the N 9/L7 entry position
one chord shead of the wing, the upwash due to the wing alone would be
small, of the order of 10% of the wing incidence. 3Because the effect of the
body on this value is uncertain no allowance has been made for upwash when
‘using Squire's fomula., For the N 9/L47 the calculated 1ift in the plane

V .
of the entry is therefore 0.0281 ~&Xit

sin ap, where ap is the incidence
o
of the duct centre line at the entry to the free stream direction. There

2
is a Purther 1ift of 0.00082 (Eﬁiﬁ.) due to the bend in the duct. The
(o]

full details of the calculations are given in the Appendix.
‘ In comparing the calculated values of the various jet effects with
the experimental; (2) can be studied directly by considering the model
results with and without tailplame for various Jet flows. (3) and (4)

. can only be cbtained together from the experimetit. In Tebles VII and VIIT
the measured Jet effects on 1ift and pitching moment are given relative

Voo
to the 1ift and pitching moment obtained with zero thrust ..%’513. = 1)
o

All the calculations have been made using this exit flow as a datum.

Considering first the model without tailplane, the measured. jet
effect on pitching moment {(thrust moment removed) is plotted in Figs.9 and
11. The estimated valpe for (3) sbove is given =and is lower than the
measured value of (3) and (4) together, suggesting that interference of
the Jets on the body near the exits is appreciable. The overall lift
change due to the jedt flow is mainly the 1ift component of the thrust
éTable VI). The remsainder is nearly zero whereas the calculated value of

3). would be a small positive lift (Fig.13), so that the interference near
the exits is a negative lift. This is consistent as regards direction
with the pitching moment mentioned sbove and at low incidence a position
near the Jet exits is given for this negative lift. The result is not
aeffected by the omission of .an upwash angle from the calculations, but
with the present model the doubt about the upwash angle prevents any
further analysis at higher incidences. )

| -6 -
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R Nt

e bR 2 s o




it it Byt

Tech. Note No. fero 2211

Th.e Jet effect on the tailplane depends on the exit momentum 80
the pitching moments have been plotted in Flg.12 as

Ag, ‘
Vexit <Vexit - 1>' '

Vo \ Yo

against the wing incidence. The estimated values agree reasonably.

Le22: .ggpllcatu.on to full scale coriditions

Table II gives the model exit velocity ratios for the mass flow
and exit momentum corresponding to maximum steady thrust at sea level
and 40,000 £t. The range of exit momentum used in the model tests is
inadequate to covér sea level flight above a 1lift coefficient of O.4
(¢ = 6°), but will cover flight at 40,000 £t up to a 1ift coefficient
of 0.6 (a = 80) At the test Reynolds number the wing stells at lift
coefficients Just greater than 0.6 (Flg.S)

The results have been used to déduce the flight pitching moments
for a range of 1ift coefficient at sea level and 40,000 £t by:~

(1) removing the thrust components of 1ift and pitching moment
from the measured values for the model without tailplane.

(ii) finding the 1ift and pitching moment appliceble to the exit
velocity for correct mass flow.

(iii) adding to (ii) the thrust components as deduced from the
correct exit momentum. ‘

* (iv) adding to (iii) the tailplane contribution applicable to
the correct exit momentum.

In using the correct mass flow and in determining the correct
thrust 1ift the incidences corresponding to the final trimmed lift ‘
coefficients with thrust are used. The results are expressed relative

Ve
t6 pitching moments when exit 1.0; allowance has been made for
.o . v
o) .
the change in datum between the incidence corresponding to a trimmed 1ift
Vo
exit

coefficient with = 1.0 and the incidence corresponding to the

o
same Oy with thrust.

Table IX shows the various components of the jet effect and the

overall effect on pitching moment is plotted in Fig.l4. This figure
shows the following changes in stability mergin:- ,

/Table
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Reduction of. static stability‘ margin gaused by jet flow

Maximum steady thrust with a C.G. position at 0.199¢

s

L Sea Level 40,000 £t
Trimmed ~ - . .
Cy, From From From From
Experiment Estimate Experiment Estimate

0.1 0.053¢ 0.052¢ 0.0108 0.015¢
0.2 0.057¢ 0.0562 0.015¢ 0.021¢8
0.3 0.0668 0.059¢ 0.0258 0.0278
Qels 0.077¢8 0.0618 0.0338 0.033¢C
0.5 : 0.0413 0.0368
0.6 0.0488 0.0368

ko3

Lateral and directional stsbility

The effect of sideslip on the flow into the ducts end the Jet
interference with the body at the ‘exit cannot be calculated but Figs.15
and 17 show that varying the flow gives only smell changes in the yawing
The tests were nearly all made with the first

moment and sideforces.
nodified fillet.

the first modified fillet gave little change in Cpn and Cy.

Tables X and XI show that replacing the original by

The model measurements have been analysed to find the effects of
the Jets on directional stability by adding the V-~tailplane contribution
at the correct exit momentum to the coefficient without tailplane at the

correct mass flow.

This gives ny

for the complete model as

vex:i.t nv* ‘
o Trimmed Vo
o -
‘L Correct | Correct exit | Correct | With zero
Mass flow momentum conditions thrust

Sea level

2.05 0.11 1.03 2.06 0.051 0.011
40,000 £t

2.05 0.11 1.01 157 0.046 0.0t

7.6 0.535 1.19 2.6 0.076 0.057

No measurements were made of the lateral stability with thrust.
The contribution of the V-tailplane to &y* was

0.© Trimmed Cp l Measured Estimated
2005 0011 ) ! -00060 "00063
706 00535 "0902{.8 H "00052

Ref.3 was used for the estimate.

*Vaa.ues of

gﬁ mi & at B =
B B

-8 -

%o have been used for mn, and Oye
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(1) The modifications to the jet exit fillet increased its
effectiveness in keeping the Jet flow clear of the rear fuselage.

(2) The estimates of the o¥erall effect of the jets on the
longitudinal stability are in fuir agreement with the measured

values.

The analysis of the jet effects without tailplane showed a
discrepancy betwéen the experimeuntal results and an estimate which was
made neglecting the interference betwesn the Jet and fuselage. Most of
this discrepancy was found to be consistent with & downward force acting
in the region of the duct exits: The estimate of the effect of the Jet
flow on the tailplene agreed reasonably with the experimental results.

No. Author
1 H.B. Squire
2 H.B. Squire and

]\{[iss J. Trouncer

3 I. Levalié
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APPENDIX

Assumptions made in estimating the jet effects without tailplane

When the duct ¢entre line at the inteke is at an incidence to the
free stream the change in flow direction of the air entering the duct
produces forces N¢ and act:l.ng on the duct. (N1 is assumed to act
in the plene of the entry). :

For the N 9/47 a second change in direction occurs at the kink in
the duct giving forces Ny and Fp. The duet also carries the forces
T4y and To orising from changes of momentum in the two parts of the
ducts These six forces represent the overall forces on the duct. They
can be evaluated by considering the changes of momentum at the intake,
at the kink ond in the ducts. For example:~ at the intake

Ny = G Vg sin ap
¥y & (V4 -Vg cos ap)

i}

where G is the mass flow
Vo is the stream velocity
V4 1is the entry veloclty
ap is the ongle of the duet centre line to the free stream.

A very close spproximation to this gystem of forces is obtained by
considering only Ny, N, and a thrust acting along the duct centre line
at the exit. This approxmatlon has been uged in estimating the jet
effects without tailplone and in calculating thrust lifts and moments.

For the N 9/47 geometry

N1 ' A

exit
(i) === = 0.0281 sin ap.
* 2ovs Vo D
N ’ 7 Vs 2
2 Ve
(ii) =—— = 0,00082 <—;—x3-t->
Tovas : o

T‘ﬂ. e v . V 3
(ii:i;)~ lrms‘» = 0.0279 ex1t< ex:.t_ 1>
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The corresponding moments are

A

i

(1) aue to N 0,058 —<EE sina
o Ny = D

[0

(11) aue to Np

1

VitV
0. 00026 <—?—"3—>

Vo
‘ Vexit /Vexit
(1ii) Que to thrust = 0.0191 Jexit [ eXiT _ 4
‘ T\ Vo

The estimates have all-been made relative to the exit velocity
Vexi _ '
ratio for zero thrust. <":‘f§9—§ = 1‘.0>.
0

- 42 -
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TABIE I

MODEL DATA

Model Scale = 1/5 Full Scale

¥ING

TATLPLANE

DUCTS

Avea (projected) 3 13437 89 £+ 33425 sq £t
Span b 8019 £t 40495 £5
Mean chord s = £ 1,63 £4 .8.15 £1
Agpeot ratio A 5601
Section (H.S.4,VII; N.P.L.No.310) Symhetrical 9% thick at 38% chord
Root Chora (chord at wing ard 2,05 £ 10,25 £
fuselage intersection) '
Pip chord {obtained by producing L.E. 1,00 £t 5.00 £t
and T.E. to extreme tip)
Sweepback L0% chord line is at rt. angles to the fuseloge § -
Dihedral : 0 : .
Wing/fuselage angle - 2°
Taper ratio (centre line chord/tip chord) 2,33
Area (projectead) S 4,08 sq Ft 102,41 sq £t
Span bT 3.4 £% 17.20 £%
Sp
Mean chord Sp = " 1.19 £t 5.95 £t
Aspect ratio A 2,89
Section Symmetrical 8% thick at 37% chord
Height of ¢ of tailplone above 0.15 £t 0.83 ft
fuselage datum ’
Arm (Firms C.G. position to mean &g L3 Tt 21,95 £t
% chord point of tail) , '
4,

Volume coefficient ¥ = SgaT 0.822
Sweepback 60% chord line is at rt. angles to the fuselage §
Dihedral e
Taper ratio (centre line chord/tip chord) 2,00
Entry ores (per side) 0.1192 sq £t 2.98 sq £t
Area at kink (per side) 0.338 sq ft
Exit orea (per side) 0.0939 sq ft 2,35 sq £t
Distance of entry 2head of C.G. 143823 1.399¢ .
Distonce of kink aft of C.U. 0. 314 0. 2988
Distance of exit aft of C.G. 143308 1a 3148
Perpehdicular distance from C.G. of

(i) Centre line of forward part of 0. 034,75

duct
(ii) Centre line of rear part of 0. 06813 0. 06743

auct (%aken os thrust line) ) Lo~

NOTE: The areas and quarter chord points of the wing and tailplane are

-

defined by producing leading and trailing edges to the fuselege
and Joining ccross fuselage. :

- 13 -
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TABIE I (Contd.)

DUCTS (Contd.)

Direction of centre line of duct

) in vertical plane
Fozward part {in horizontal plane

in vertical plane
Rear part {

in horizontal plane

C.G. POSITION
Mead of wing 40% chord line
Above fuselage datum:
At of L.E. of S.M.C.

POSITION OF PITOT COMB

At of fuselage nose

Model Scale = 1/5 Full Scale

v

parallel to fuselage datum
20 5" in, relative to centre
line of aircraft

6° 2* down, relative %o

"~ fuselage datum

L0 out, relative to
centre line of aircraft

0.328 £t 1.6, £t
0.018 £t 0.092 £t
0.1993

7.8 £t 39.0 £

The positions A, B, C and D round the fuselage are showm in the figures.

-1l -
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Tech. Note Mo. Aero 2211

TABLE IT
Daté used, in Happ]yi@ model results with cold Jets
to_full scale. conditions
(Data obteined from Lirm)

1 Take off weight - 19,930 lb.
2 Thrust at sea level

Speed. (m.p.h.) 150 200 300 400 600
Thrust per engine (1b) 58,0 5720 5600 5450 54,20

3 Thrust at 40,000 £+t

Speed (m.p.h.) 200 300 100 600
Thrust per engine (Ib) 1910 1870 1820 1810

L Engine parameters for the Rolls Royce Avon.

Revs for maximum continuous conditions - 7,720 Tepeme iee. sustained
maximum thrust.

_l‘L._ L20 4O 460 1480 500 520 530

_ﬁf— 110 118 126 132.5 137 138 136.5

where N = engine revs.
Tp = total ebsolute temperature at inteke
¥ = mass flow lb/sec
Pp = total pressure at intake 1b/sq in.

5 | Model Exit Velocity Ratios deduced from above dataiw

CT—T — Correct Mass Flow Correct Exit Momentun
rimme : :
Sea Level 40,000 £t | Sea Ievel 40,000 %
0.1 1.00 1.01 2.00 1.33
0.2 1.31 0.99 2.57 1.65
0.3 1455 1.Qh 3.00 1.93
" 0. 1.76 1411 3.39 2.18
0.5 1.95 1.17 3.73 2.39
0.6 2.1% l 1.23 Lo Ol 2.59




Tech. Note No. fero 2211

TABIE TIT

Trimmed Lift Coefficients

Vo = 120 ft/sec V Vo = 80 ft/sec
RN = .23 % 105 R.N. = 0.82 x 10°
Condi tion @® ¢ Clprimmed Comdition | @  !CLypimmea
| ~1.65 1 =0.17% ' T
0.5 | =0.012 0.45 ~0.023
2.65 .1 40.155 2.6 +0.140
Vexit _, o | 4.8 0.317 Vexit _ , o | 475 0.309
o 6.95 | . 0..91 v, 6.9 0.4.80
9.4 | 0.656 9.0 0.6%9
1.2 0.733 [ -
1342 0.761 |
“1.65 | =0.167 o
0.5 0 _ 0.45 | ~0.013
2.65 | +0.168 v 2.6 40,157
exit _ o 25 L8 0.335 exit _ 3.4 L.75 0.337
A 6.95 0.506 T, 6.9 0.519
9.1 0.669 9.1 0.698
1.2 0.757 ,
13,25 0.816 :
TABIE IV
Tongitudinal Stebility without Tailiplane
‘ Condition a® oL Cp G,
~1.65 | ~0.161 0.0206 | =0.0351
+0.5 ~0.006 0.0174 | =0.0156
Vo = 120 ft/sec 2.65 | 40.153 0.0202 | +0.0062
Vexit 4.8 0.308 0.0263 0.0254
25 - 1.0 6.95 | O.7% | 0.0575 | 0.0449
o 9.1 0.632 0.0593 0.0640
11.2 0.727 0.1201 0.0172
15,2 0.769 0.1825 | -0.0056
1,65 | ~0.154 | =0.0520 | -0.0348
+0.5 +0.004 | -0.054s | =0.0119
Vg = 120 ft/sec 2,65 0.165 | =0.0515 | +0.0093
Voxit 4.8 0.32) | «0.0448 0.0295
SXIT 2,25 6.95 0.4,87 | -0.0327 0.0497
o 9.1 0. By ~0,0121 0.0687
11.2 0.748 0.0513 0.02,8
13.25 0.815 0.109L 0.0019
0.45 | =0.018 | 10.0183 | =0.014) |
V, = 80 ft/sec 2.6 0.138 ©0.0200 | +0.0060 |
Vo L.75 0.299 0.0252 0.0261
LHEL - 4.0 6.9 0.6} 0.034.3 0.0
Vo . 9.0 0.616 | 0.0542 | 0.0645
0.45 | =0.005 | =0.1918 | =0.0213
Vo = 80 f£t/sec 2.6 0.155 | ~0.1890 | +0.0057
Voxit L.75 0.326 ~0.183 0.0305
| 2EE -5 bo6.9 0.501 ! ~0.1726 0.0486°
Vov | 9.1 1 0.672 ' -0.1529 0.0695
-16 -
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TABIE V
Longiturlinali Stability with Tailplane

i

Condition N° @9 Cr, o Cn
~1:95 | =1.65 | =0.223 0.0230 0.0696
+045 w0, Qs 0.0188 0.0379
Vo = 120 ft/sec 2.65 | +0.136 0.0206 0.0148
Vonit 4.8 0.318 0.0271 -0.0102
2XD = 1,0 6.95 0.506 | 0.0447 | =0.0358
Vo 9.1 0.681 0.0617 | =0.0632
11.2 0.78 | '0.1242 | =0.146)
13,2 0.833 | '0.1908 | -0.192
“1.95 | ~1.65 | =0.210 | -0.048. '0.0726
+0.5 | -0.0%33 | -0.0525 0.0476
Vo = 120 ft/sec 2.65 | +0.145 | -0.04,96 0.0248
v L.8 0.331 -0.04.26 0.0026
exit _ 5,05 6.95 0.523 | =0.0298 | =-0.0221
o 9.1 0.69, | -0.0074 | =0.0428
1.2 0.80L | +0.0569 | =0.1185
13.25 0.868 0.1280 | =0.1638
«3.95 | =1.65 | =0.2,8 0.0251 0.1476
+0.5 ~0.074 0.0201 0.1157
Vo = 120 £1t/sec 2.65 | +0.103 0.0211 0.0912
Voxit L.8 | 0.279 0.0267 0.0679
XL - 1.0 6.95 0.4.6l, 0.0379 0. Olyly.
o 9.1 0.643 0.0587 0.0188
11.2 04752 0.1225 | ~0.0700
1342 0.810 0.1882 | =0.121
=3.95 | =1.65 | =0.256 | ~0.0445 0.1526
A +0.5 -0.065 | ~0.04,97 0.1266
Vo = 120 £t/sec 2,65 | +0.114 | «0.04,87 0.1037
Vexit Le8 0.293 |- =0.04,.20 0.0811
— = 2,25 6.95 | 0.478 | ~0.0306 0.0613,
Vo 9.1 0.663 | -0.0083 0.0392
1.2 0.768 | +0.0531 ~0.0L58
13.65 0.857 | 0.1378 | =0.1197
~3.95 0.45 | =0.070 0.0218 0.1168
Vo = 80 £t/sec 2.6 +0.103 | - 0.0221 0.0896
Vexit - 1.0 L.75 0.282 0.0277 0.0699
v ‘ 1 6.9 0.4.68 0.0366 0.048h
-0 9.0 0.645 0.0586 0.0177
1
_ ~3.95 0.45 | ~0.071 | =0.1930 0.1371
Vo = 80 £t/sec 2.6 | 40.109 | -0.1875 | 0.1116
oxtt o5, L.75 0.295 | =0.1838 | 0.09%5
L) , 649 0.494 | ~0.1728 0.0766
I, 9.1 0.671 -0.1551 0.0623
i i

- 17 -
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TABLE VI

r ' Tech. Note No. fero 2211

Thrust Contribubtion ’uo Tift and Pitching Moment

13.25 | 0,023

E{ vehl‘l’%/vo = 2;25 i vehlt/VO = ol{.

2 a0 ACL, 8Gy a0 | oaop | AGy
I ~1.65 | 0.003 | 0.005. :

i 40,5 0.006 0.45 0.018 0.0156
! 2.65 | 0.009 2:6 | 0.026

'; 48 0:012 575 0.03h

; 6495 0.015 6.9 0.0L3

i 11.2 0:021

B
SR

o

o g T I

TABLE VIT

Tlow Contribution to lift and Pitching Moment withoud Tallplane
"Thrust Moment Removed.

(Relative to Vexit/V, = 1.0)

A Vexit/V | a0 ‘ !
( /Vo) i Ay, . A0 A(Vexit/Vo) A(Vexit/Vo) !
~1+65 | 0,004 | 0,0057 | 0.003 0,006
+0.5 0.00y | 0.0091 0.003 0,0073 .
2,65 | 0.003 | 0.0085 0,002 © 0.0068
1,25 1.8 0.00L | 0-0095 0.003 0.0076
6.95 | =0,002 | 0.0102 ~0.,002 00082
9.1 | =0.006 | 0.0%01 ~0,005 0.0081 |
11.2 0 0.0130 0 0,010
13.25 | 40,021 | 0.0133 +0.017 0.0106
0.5 | =0,005 | 0.,0087 ~0.002 0.003%6 -
2,6 | -0.009 | 0.0153 «=0. 00l 0,006k |
2.0 475 | ~0.007- | 0.0200 1 -0.003 0.0083
6.9 | -0.006 i 0.0201 !  -0.003 0,008, |
9.1 ; =0,003 i 0,0201 ~=0.001 0,008,

TABIE VIII

Tailplane Contribution to Pitching Moment
(given relative to Vexit/V, = 1.0)

Vexit/Vy = 2.25 Vexi’c/Vo = 3.
, L fMw=-1.95° | "p=-3.95° oL mp = =5.95° \
ol Aac, | AGn/Z* | AGn | AGw/Z © UG | Az '
-1.65 |0.0027 | 0.0010 | 0.0047 ; 0.0017 - L
0.5 |0.0060 | 0.0021 | 0.0072 | 0.0026 | 0.45 | 0.0272 | 0.0033
2.65 | 0.0069 | 0.0025 | 0.008 | 0.0033 2.6 | 0.0223 | 0.0027
4.8 | 0.0087 | 0.0051 | 0.0091 | 0.0032 | 4.75 | 0.0202 | 0,0025
6.95 10,0089 | 0.0032 | 0.0121 | 0.00%43 | 6.9 10,0237 | 0.0029 |
9.1 | 0.0157 ! 0.0056 | 0.0157 , 0.0056 | 9.1 | 0.0438 | 0.0051 |
17,2 | 0.0203 : 0.0072 0.0166 0.0059 ! ‘
13.25 | 0,0221 ' 0.0079 ! 3 | !
where 2* = the momentun factor YEESEE<EEEEEE - 1>
VO VO
- 18 -
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TABIE TX

Experimental Results and Bstimates of the Jet Effects on Lift and

Pitching Moment for Ma:;iluun Ste ady Thrust at Sea level and 40,000 £t

(A1l the effects are given relative to the valves of Cp and G, with

Vexit _ 1)
: Vo
(a) Effects of the jJets on O 'and ¢, at constent incidence end
tailsetting.
From £low through ducts | From tailplane|From thrust
Trimmed™ | ™~ ' ' i
, ixper. and
O A0y, ACm AGy Estimate
‘Exper. Bstimate|Exper. {Estimate|Bxpér. Estimate|ACy, i AGy

o oa 0 : 0 0 0 0.0046| 0.0057 |0.006|~0.0038
o | 0.2 [-0.001] 0.001 10.0020{ © 0.0109| 0.0135 |0.0%4,~0.0077:
8| 0.3  [-0.0011 0.002 10.0038| 0.000 |0.0177| 0.0209 |0.02|~0.0115'
q | O -0.002! 0.005 :0.0055| 0.0011 0,025, | 0.0281 |0.037~0.0155
3 0.5 0.00 ! 0.0019 0.0351 |0.050{~0.0195:

0.6 0.006 0.0031 0.04.24 |0.067 -0.0255;
o 0.1 0 0 } 0 0 0.0008| 0,0010 |0.001 -0.0008‘:
‘H 0.2 0 0 i 0 0 0.0027| 0.0037 |0.00L.}~0.0020:
8| 0.3 0 0 10.0003| © 0.0052 0.0071 |0.007]|=0.003),
S Oy 0 0. 0.0008| 0.0002 {0.0086] 0.0108 |0.012]|~0.0049.
3 0.5 0 0.001 0.0013; 0.0004 ;0.0122; 0.0145 0.0173-0.0065

0.6 0 1§ 0.001 10,0019} 0.0008 10.0167 0.0180 }0.02)4:=0.0079,

(b) Overall effect of the Jet f£low on Oy at various trimmed OCr's

(including effects of chengeA of incidence betwsen Yﬂ:ﬁ 1.0 and with
thrust) : Vo .
MGy
Trg;mea Sea Level 10,000 £t
Exper. Estimate Exper. Bstimate

0.1 0.0016 0.0027 0.0002 0.000k

0.2 0.0071 0.0079 0.0013 0.0023

0.3 0.0135 0.0137 0.0031 0.004.7

0.4 0.0209 0.0197 0.0061 0.0079

0.5 0.0258 0.0098 0.0116

0.6 0.0335 . 0.0146 0.0149 )

*The incidences considered are those corresponding to the trimmed Cy,
with thrust. i

-19 -
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TABLE X

Tech. Note Ne. fAero 2211

Directiona;l. Stability without Tailplane

(Original Jet Exit Fillet. Vg = 120 ft/sec)

Lateral and Directional Stability without Tailplane

(Modified Jet Fxit Fillet. Vo = 120 £t/sec)

| | Trimmed
Condition | o or B° | 107, | 10%q, |10%¢y,
i .
Vexit _ | :
XL L 4,0 | 2,05 | 0.105 0 0 0
2 ! 5 6.3 | ~11.2
; 10 | 2.5 | -2.3
. | .
vexit = 2.25 , 2.05 ! 0 ! 0 ; 0
o i ST R e ,
: P10 T 3.5 1 =31 !
TABIE XT

! Trimmed | | R |
Condition I | 12,1;6 , 8° 5 1036, [ 1030, - | 103%%
! E I
Vexit = 1,0 |2.05 | 011 | 0o , 0 0 0
Vo ! 25 | =B | a9 | -0.5
, | 5. | 6.8 =107 | ~1.1
j L 10 1 -12.7 | -23.3 | -2.3
. ¥ | !
Vexit _ 5, 05 | 2.05 ' o : 0 0
(o] { i 2-5 ‘ "309 —609
I 5 t «7.8 | =132
D10 ! <15 | -29.3
| ‘ .
. | | i
Vexit = 1,0 | 7.6 0,535 | 0 | © 0 0
Vo . S 2.5 0 =By | k7 | 1.7
L5 i —B.6 | <10.6 | -3.4
P10 1 =12.6 | =240 | =5.7
| - 1
v . i
exit _ 505 « 7.6 | ! o | o 0
Vo ; ! P2.5 | =40 | =6u
: ‘ .5 | ~7.7 ) =13.0 ;
! D10 il | <29 |
- 20 =
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Tech., Note No. Aero 2211

TABLE XII

Tiateral and Directipnal Stabilj_.ty with 'J.‘ailpl_a;ae » Mg = -1._9_50

(Modified Jet Exit Fillet. V, = 120 £t/sec)

Vo
Lxit _ 0.5 | 2,05

exit _ 1.0 | 7.6

Vexit _ 2.25 | 7.6

Trimmed ‘ . *
o o o 3 3 3
.Condz’.‘t:l.on o or, g 107G, | 10 Cy 10-Cy,
Vexit '
SLXIE - 1.0 2+05 0.11 0 0 0 0
Vo 2.5 1.8 ~15.4 ~3.1
5 L.2 ~32.5 "‘5,‘9

10 | 10,1 | «68.0 | <12,

0 , o}
2.5 1.9 -19.5
5 bk -38.2
10 10.2 -78.2
0.535 0 0 0 0
2.5 2.5 -16.6 ~3.8
5 5.5 =33 =7.6
10 11.7 -70.0 | «16.2
0 0 0
2.5 2.8 -19.8
5 5.5 ~38.0

- 21 -
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