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INS TRULENTA

FLIGIT TECT REPCLT ON G.R, LINCOLN.

SU

ARY ¢

£ series of inectrumented flight tests on the G.2. Lincoln prototype
hes been carried out, and indicated that the lengthening of the
fuselage by 6'6" and introduction of D.V. windows has not rendered
the aircraft deongerous or difficult %o control.

h:

It has beon shown that this aircraft within its C.G. limits of
46" to 61.6" aft of datum is stable and controllable in pitch end
in yaw for all the configurations of flap »nd engine conditions
tested and mects the appropriste 4.7,970 conditions and R.A,A.F.
rccommendations, In fact the performance and aircraft behaviour
arc very much the seme as the standaru Iincoln aircraft, except

for 2 much smaller position error at low airsnceds,

The pilots during their conversion to the modified airecraft should
be swarc of the -10 knots higher indicated stalling speeds,

Two large direct vision windows provide excellent visibility, much

in excess of the k,A,A.F, requirements, but air deflectors in front 4
of the windows, cssential for their operation, csuse a 3% loss in

ocruising speed,

INTRODUCTION:

From the wind tunnel tests at . ,R.L. and the caloulations done in
our Denartment, it become evident that the intended modification
wes not drastic in its effects on stebility, nemely it was going
to reduce the lonpitudinal static margin by 2" and the directional
stability by some 107 without even producing = fin stall tendency.
However, as there were some doubts as to the validity of wirnd- |
tunnel tost results duc to large scale effcot cxpected, it was

decided %o instrument the prototype aircraft and carry out fairly
extensive quantative flight tests in order %o determine the new
aircraft's behaviour in various configurations of flap and cngine
condi tions,

EXTERMAL FEATURES -OF

The standard production Lincoln aircraft A.73-48 has had the
“ollowring externel modifications, shown on the attached photogranhe

prallel portion 6'6" long hes been built in in front of the
's Instrument Bulkhead and containod, for flight tests,
bssrver's seats and the sutomntic observer box.

ii) his new compertment has two large side gut-outs, covered in
normal flight by sliding-up window penels,

ch window opening has on air deflecctor menually rotatable
out its vertical axis, then deflected about 35° to the
ir stream it creates a break-away snd so reduces the
velocitics over the window area.

b

©

(iv) The Pitot head hes been moved from its original side fuselage
position, 30" down end 60" forward, After the sccond flight it
was changed %o the "chin" position as reccommended by A.R.DU,

TION: Laverton.

A stecl tube quadripod was installed on the aircraft nose to carry
the yew meter vone and a 'Desyn' transmitter. Three other !'Desyn!

transmittcrs were instelled on the clevator, the port aileron and
the port rudder,
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wae mountcd on the sterboard observer!s
portion of the fuseclage, conteining:-

5 'Desyn! indicators for clevetor, ailerom, rudder and yaw
anglos and for the elovator stick force; o scnsitive airspeed
indicator; a "G" metor; a synchrcnising clock with large
gcconds hand; 4 fuel flow meters of the "gallons gonoe" type;
F~73 type camera rigidly mountcd 1a front of this instrument
nancl and overatcd clcctrically to teke picturcs cvery 2/3 5CGCS 3

a small clecuric light for separatc oneration by the Technical

Obscrver in charpe, to be fleshed on mementerily to mark an
appropriate tést phasc on the film,

LO:D ING:

TABIE I indicates weights and C,G, nositions for overy flight
carricd out,

6.2

Instrument C>libretion -

411 the instruicnts carried in the observer box wero
celibrated on the rround against control deflections and
hysterisis curves of the backlash were thus obtained,

vuqll" thv assessment of eircraft characteristios:

Two flights of totel time of 1 hrs. 40 mins, were ocarricd out
to essess the ncw aircraft charecteris These flights,
although without the automatic observer working properly,
indicatod however that the G.R. Lincoln lateral static and
dynamic stability and controllability is as food as the
standard aireraft,

Times in vartial climb from 1000 - 10,000 £t. werc taken, and
when reduccd to standard conditions, proved to be no different
from ﬂ/Cl. of standard aircraft,

Lir deflcctors and side windows werc operaied in the sir and
showsd the necd for obtaining firstly pressure distributions
on the window pancl aznd thus dotcrminjlﬁ the best deflector
angle. «ithout this information at the first attomnt of
opcning the window, it blew in with high prcssure, ceusing
minor injury %o one member of the crew,

The position of Pitot Head was found to be wrong; there was
a large fluctuation of I.A.S. with sideslip,

Lateral and Directional Stability and Control

Oscillatory dynemic stability with rudder free was checked

in flights Nod, 2 snd 3, The results taken from the automatic

observer arc shown in fipurcs GR/13 end 14 and indicate that

for bcth port end etarbosrd rudder deflection, the G,R, Lincoln

mecete the requirements of A.P, 970 Chap, 6, para. 8,2, by heving

its oscillation emplitude halved in less then 1 cycle.

T
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6.3 Lotcrsl ond Diructional Stcbility ~nd Control - (Contad.)

No sncking or nunting w-s found apncrent with rudder fixed or
frece, cngincs on or off with deflcctors in a streomline Oouition.
Therc is, howsver, somc rudder and fuselage bufupting with air

deflcetora:on st indicatcd speeds cbove 220 ¥ .87 Im o dive

£

ccds betwoen
cd dn A.P.970,
for all symmctrio

No rudder locking was found %o be prescont ot eny
100 K= 1,15 Vs and 150 K for conditions 2as sp
Angles of yaw as obtsincd from cuto-obescrver w
cnginc conditions) smaller thon the rudder ang

ot be produccd for fu

¢}
5
T

cquired to produce
1 rudder or ncdal forces

C
16
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thems  the fin stall ¢
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of~180 Ibs: er-beth.
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OF RUDDEE powecr and obtaincble ratos of turn against
live oz g:vu the fellowing results, showing the rudder power
to be md guate

ENGINE CON- FLiPS: U/C:| INDICATR RATE FOOT i
DITIONS. SPEED : LOAD, !
KNOTS: ;

P.0.fezthered ¢ Up Up 150 SOO modcrate,
Othors « 7"
2660 r.D.my
PO feathorcd: 1k Up 150 <o lGOO/ﬁin. medium
P.I.windmilling !
others « 7",
2650 r.p.m,
P.0.Wind- Fully |Down 90 small, Just 180 1b,
milling, down full turning
pthergee i aileron
2650 r.p.m, f

et o S nie e U e RGeSl s Aol g

6.4 Minimum Control Spceds, Dynamic & Stotic,

Dyncmic minimum control speceds werc obtained by cubting the Port
outer cngine Quﬂdcnlj, at diffcrent spreds with other engincs
developing full tokc-off power, flops in takc-off position,
undcreorri-ge down,  The ~csults were ~s followss:-

Port Outer Cut -2 125K Lic
i 1" n 120 0

X

n it n " 151(

Pedel foree. 190 1b.
y L G e
" n 235 1b.

In the last c2sc o lot of aileron was nccded to hold off the
benlz doveloped ond only just cnough rudder was aveilable to bring

the airoraft week on its coursde,

Stotic minimum control spceds were nlso obtaincd with 2 cngines
inoper~tive on the port side, others @ « 12", 2850 r.p,m, The
following rcsults werc obtaincd:

R0 fonth, Pils windmill @ 158 6 157 ‘Ib,
4 @ 130 X 180 1bs
u ® 120 208 by
1 @ 110 224 1b.

AE thp lowcs* spoed the lcck of nileron power to hold off the
bank bocame the limiting factor,

s e
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Dosition Error.

igher then vsuel Iincoln stalling speeds were observed quite
early in the tests and confirmed later vith the C.(¢, a% 1/4 chord
position (see nara, 6,6), Iherefore & change in nosition error
of the static due to lenpthening of the fu

In the course of fes dene by tower eneroid method at A.%.D.U.,
Laverton, the diff on P.E, s, from the stendard aircreft was
confirmed, curves of position error vs indicated sneed for
the modified stendard sircrcft are presented on Firzs, C.%. L1 end 2,
It can be observed that the C¢.I., Lincoln aircraft has a verv small
airspeed indicz%or nosition error,

e
e
G

Stalling Speeds,

g speeds for all-up weight of 55,500 ib. C.C. 2
25.6% S.i.C, were:-

The stalling

£/G. Configuration: TN
i Knots

Flams up, U/C up. 88

Flaps T.0. U/C down 82

Flaps down,U/C down 75
e e

Lif+ coefricients and true st2lling speeds avpear to be the same
o3

s
as for the stendard Lincoln. The indicated stalling speeds are

however, much higher then standard aircralt, and this feature of the
medified aircraft should be brought to service pilots' notice.

Longitudinal Stab

Teutral and I.enceuvre Points,

The neutrel points engines on and off, fleps up and down were -

obtained from flighte done at three different C.C. positions,

Dummy concrete bombs and sand bags were used for ballast end C.CG, and
aircraft weight were caloulated from gellons gone for every

test, The filmed desyn results show very small scatter of

untrimmed elsvetor engles vs Cp (fig. C.R. L13 end C.R.L11),
he following table summerises the results from figures C.R.

I4 and CG.R. Ll2,

Engines Flaps Heutral Point <( Inches aft
A Ao ‘ Datum,

CHREREEE ORE SRSl ] SR SR S o Rt e e s RIS S S el

off Up 62¢; 100
412" 2850 rpm Up 429 755
" ' Down 37% 68,5
S e e L,ﬂ&_.-.~.-_wh..ML.-_-~---0-»ﬁ-.-_~

The above tables show that theoretically this aircraft could be
flown with G628 5575.5", However, the f:ct that the pilot
needed only 2% of elevator to change gspeed from 140 - 240X
indicates that without discomfort this aircraft could not be
flown with C.C. beyond 62-63" aft at datum.

Manoeuvre points, stick fixed end free, engines on +12"

2850 r.p.m, were obtained from analysis of flights done at
extreme C.G, positions, Elevator angles, the "G" meter, the
A.S.I., the stick force indicator and fuel gauges were filmed,
every 2/3 sec, during untrimmed pull-outs, whilst the observer

seilh
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5% bility - Neutral ond Manocuvic

in chergec of He
the film the wowwnt'whun

the €.G, posidion and civarsft weip

oporat

re ﬂalculabcd for cvory

of clcvn 2 pér "G" and
plotted on figs. G.R, 1.5,6,7,8 end 9,
in the toble bolows -

ot ¢
.»;

cst ~nd ths
tick force
The swmory

S

ARSI S P o
i Condition { Inecing I Plomps Menocuvre | Point
i { : Aot e iy v v ——
; ! o
! : 9 S.M.C, 'Tnches aft
i ) Do tum,
. : a— e e e
[ ' On i Up 42 Sy S
‘ ; On i Up 43 i 84,0
i i i ‘
e e s et bt ! R S o e il i b . . A Bttt

The tests with £,G. in the intormodiate (58") position as a
further check could not be carricd out owing to a minor structural
demage to the aircraft sufferod during puli~outs; but the results
28 pregented have shown 2 smell scetter of points.

A couple of tests in o simulated baulked landing conficuration
were made with C.G. ot 59,6", fleps ond undercarricge down, The
results indicatod thot there was just cncugh down elevator angle
still available to climb awoy @ 130K on cpening the nower, On
opcning up the cngines from « 3", 2650 r.p.m. %o takc-off power,
with tho airerast in the trlmmud out coadition & 110K. Ene
requircd stick force and displacement were 20 1b, and 11° domm
respectively.,

;
b
1

Sumning up the longitudinel stobility, it anpeoars that the:C.G,
limits fl-ps -y, undercarriage up should stey at 83" aft of datum

as stipulnted before, but the former 58" limit imnosed in the design
stage by this deparwmont for the landing condition ceculd be relesxed
to read now 59" as testod.

Performance,

¢ C.R, Lincolr performance as compared with s

anpears o bo identical as fa s the top specd ¢ of climb
oncer he 1/C. from threoc separate fte s reduced to

G of 61,600 1lb. arc shown here on Fig,' G,R,L.10.

tandard aircraft
v

e
I.C.ACN. and woip

The indicated ‘level speccds with appropriate ¢ngine conditions were
measurcd with deflectors shut or omen at 8000t in order to compare
them dircctly with specds token by A.R,D.U,, Leverton, at the same
hcisht and powers, The spceds as quoted bolow were réduced to
I.C.A.N. conditions and 2n 211 un weight of 61,600 1hva,

T-Enginc ndition ‘ %brsgﬁzfi. [ True spoed
: !Open - loss with

| | [Window deflectors

| L 148 THOTS | Open & window

: ‘ IAS TNOTS| goan

IR o e i = L H e i =F :

i * | e

| + 3" 2650 RPN ; 187 L e 1181 3%

l « 7" 2650 RPM | 212 i 203 201 5%

+12" 2850 RPM 235 . 225 ‘pom ~ 5.4%

The reduction of speed duec to deflectors & windows opcn is

noticeable, but apparently acceptable to R.A,..F. who consider

b t the doflectors and windows mey have to be oncratcd only for
n

ut L/lo of their flight duration, con scquently the doproximate
1oss of max, ronge would be only ,3% :
a8
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6.9 Operction of D,V. indows and Deflectcrs,

The lerge, sliding, dircct vision windows were designed to be
shiclded by th¢ air deflectors in front of thom, ond hcve been
found in the coursc of flight trials to be dangerously powerful
when treated with duc - aare, The deflectors should be fully
open before ~n cttempt is made %o relecse the window locks,

The window epcrturcs with deflectors fully open offer sn cxcellent
visibility, -nd ere nearly drsught frco, Thoy permit the observers
%o put their hcads right outside the fuselage contour without any
discomfort =t cods up Lo 200K, £bove that speed, at cbout 220K
in g dive, 5 ructural buffet apncars in the fuselage and

<+

empennage, thercfore prolonged dives with deflectors opcncd may

not be permissible,

With windows opon, 2ir circulation is set up inside the fuselage
with o resulting draught cbout the pilotis legs. A black-out type
curtain with a zip fastener in front of the cat-walk is hoped to
e¢liminatc the draught by scaling off the front observer!s compartment
from the rost of the sircrefst, As an 2lternative to the deflectors,
Just in case the reduction in spocd and raonge was unaceeptable to

L. AF,, the small blister type cover wes built and tried. In

the coursc of flight tests the blister was shown %o ccuse no visible
rcduction in specd and proved o be draught free, but very noisy., It
also offered much worse visibility than the window - deflector
combination, although still within R.A.A,F, requirements, A R.A.A,F,
Sorvice inspecting group headed by 3/L. Nichols has dooided agoinst

1 agroed to 2dopt the window - deflector solution to

the blister ond
the dircet window problem.
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SUMMARY OF C.G POSITIONS FOR G.R.LINCOLN TEST FLIGHTS.

3] o Deaca 2rion W | S [ P T ] meaaren
I. 55.53 PROVING FLIGHT 62,174 | 50.64 | 24.44/52.30(25.67 | BOTH
2. 6552/ RATE OF CLIMB 62,000 BOTH
3. 8552 LATERAL STABILITY AND TAKE -OF F_CONDITION. |59,325 4801 | 2258|4982 |23.85| BOTH

PRESSURE DISTRIBUT ION

F ;

FOR OBERVERS WINDOW LANDING CONDITIONS6,841 | 47.44 | 22.19/4936 | 2354 | BOTH
4. P0552 ASYMMETRIC. TAKE-OFF CONDITIONI56,409 47.34 | 22.12| 49.27| 23.48| BOTH

LANDING CONDITION, (54,465 46.85 | 21.77| 48.85| 23.18 | BOTH
NE 27 |

5. P2552 POSITION ERROR RUNS TAKE - OFF_CONDITION|(58,344 52.79 | 2595| 54.63| 27.25

(AT_LAVERTON) (FROM FISHERMEN'S

BEND)
RADIO OPERATOR IN AFT POSITION 57,600 55.58 | 2792| 57.47| 20.25| BOTH
(FUEL USED 8I56G. LANDING CONDITION (53,476 5188 | 2531 | 5319 | 26.23

AT FISHERMENS BEND)

6. p2552 = WITH DEFLECTORS. 57,184 53.09| 2600| 550 | 2750 | BOTH
TOOK OFF FROM LAVERTON

‘ L]
i EGS&E ELEVATOR ANGLES & PULL-0OUTS: TAKE-OFF CONDITION|62,113 59.83 3091 61.58 | 32.14 BOTH
8. POSS2|ELEVATOR ANGLES, TAKE -~OFF CONDITION|63,389 4427 | 996 | 4598| 2116

PULL -OUTS& LEVEL

SPEEDS: F TAKE-OFF 63,389 44 56 20.16 4628, 2137 BOTH

RE- POSITION OF CREW)
LANDING CONDITION |60,041 43.62 19.50 45 43 20.77
£ FUEL USED 465G

9 m‘a;zvgoa ANGLES TAKE -OFF CONDITION|63308 563 | 284 | 580 | 296

AND LEVEL SPEEDS

LANDING CONDITION|60,464 56.01 | 28.22| 5781 | 29.49 | BOTH
(FUEL USED 395G) -

10. |2.6.53 LEVEL SPEEDS WITH |, TAKE- OFF_CONDITION |58,602 4951 | 2364 5137 | 24.95 |[STBDONLY
PORT BLISTER .l
INSTALLED: :

- LﬁNﬁING QQN[!TE}§ 56,048 49.00 | 2329 5094| 2465| (PORT
(FUEL LBED 355G, BLISTER)

1. 3.652|LEVEL SPEEDS AND RA!‘E TAKE-OFF CONDITONS6I, 158 50.02 | 2400, 5.80| 2526 ESTBD_ONLY.

OF CLIMB WITH PORT
BLISTER INSTALLED: ; |

‘_—_
% [ ' LANDING CONDITIQN |57,162 4021 | 2343| siu | 2477 | (PoRT
b FUEL USED 555G BLISTER)

|2. [5.6.52| STANDARD LINCOLN (A73-56) TAKE-OFF CONDITION |58,535 52.67 | 2587| 5453| 2718 | NIL
RATE OF CLIMB TEST: |

BEFORE CLIMB 58,009 52.57 258 54 45| 27.12 NIL

NDITION (FUEL
USED 73.1G) ,

AFTER CLIM 57,670 5251 | 2576 54.39| 27.08| NIL
CONDITION (FUEL
USED 120.2G) r

|
i | | ‘
_i L ANDING CONDI 56,922 5236 | 2565/ 5427 2699| NIL
(FUEL USED 224 c..% | , |

— -

L
+GRAPH OF CG _ FUEL GONE DRAWN FOR THESE TESTS
'l




