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Add aND JATER BEIFOEANCE TESTS

SUMMARTY

The basic air drag characteristics of the aircraft are good, being
considerably betier than has been achieved on prevaicus Bratish flying boats.

Corrected to zero slipstream these basic characteristics are:-

Cry, = 0.0179
Digo = 4070 | b.
K = 1,12
(I/D)max, = 18,9

There are points on the aircraft Where elimmation of air | eaks
(e.g. between the wing tip to fleat junction, and control surfaces), and
attention to surface roughness, particularly on the outer wings, could |ead
to an inprovenent in these already good drag characteristics.

_ There is a measurable change, Soth 1n b&sic profile drag and
induced drag, waith slipstream At cruising Cp, values F:..e. less than 0,65)
with Te = 0.05, the rel evant ficures are:

There are al so indications of a change wn Cpy wath & at the hagher ¢, val ues.

During take-off, swaith the derated engines, the miniumum longitudinal
acceleration at the maximum 4 ag, (hunp), s .ced, inup to 1 ft. sea condrtimms,
18 2.04 ft,/scc.”, (0.063g), at an aircraft weight of 295,000 | b. Employing
the associated meon enrine outwut deraved fromthe sincle enpgane torquemeters,
the propell er thrust kas heen caleulated fromthe mnufacturers performance
curves, Use of +this total thrust at the hump spsed andicates an approxirate

mx U total resistance value of 0,183 v,
4t 295,000 | b. commencing froma taxying speed of 15knots, the

dastence 10 achieve an unstick speed of 400 kmots in zero wind, I.C.AN,
conditions, with @ fixed elevelor setting of -9 degress as 4,750 ft.
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1, INTRODUCTION

The programme of performance tests on the Princess has, of necessity,
been dictiated by the fact that the aircraft could not be flight tested in a
final form The Proteus 600 series engines were installed as an interim
Imeasure in order to enable flight trials to be carried out on the airframe,
and 1t was not intended that this engmme-airframe combination shoul d becone
an operational possibilaty. |n the first instance the basic design was for
nore power, nore economieally produced than that obtaining wWith this mark of

Proteus, which in Itself was only a development engine for which no production
was envi saged.

The performance test programme was therefore planned to obtain the
raximum anount of information on the aerodynamic and hydrodynam c character-
istics to provide a basis fqr future devel opment. There have been inherent
probl ems in analysing the results of these tests asgociated with the difficulty
of determining the power, propeller efficiencies, and slipstream effects.

These factors nean that the accuracy of the results may not be as great as
coul d. be desired, although sufficient data has been cbtained to minimise the
effect of scatter so as to give a reasonzble picture of the performance
characteristics

2, TESCRIPTION OF ATRCRAFT

4 general aescrlﬁtion of the aarcraft, together with a general
arrangenent drawing and photographs, is given in Reference 1

3. CONDI TI ON OF ATRCRART
3.1. Ceneral

The general condation of the aircraft was as given in Reference 1.
Apart from the engines thenselves, as discussed in Para,! above, the
airfrane was i1n a representative fanal form although there nere one or two
pl aces where inprovements in air |eaks and aerodynam ¢ cleanness coul d
possibly be achieved. In particular the | eak between the wing-tip and the
flcat an the retract ed position, woul d reduce the end plate effect and there-
fore the effective aspect ratio.

The control surface gaps were another source of air |eaks, and
the general aerodynamic cl eanness, particularly on the outer wings, deteriorated
W th time owing to surface contam nation

3.2. ZLoadangs

The all up weights for the performance measurenents mere between

225,000 and 295,000 I b. for take-offs, and between 250,000 and 300,000 | b
for air perforrance,

3.3. Design linmitations

The design operating limtations in effect for the flight trials
are given in Para, 3.3 of Reference 1,

3.4. Instrunentation

One of the three camera rescording panels was devoted to the measure-
ment of engine performance guantities and was phot ographed by an ¥.24 camera
capable of continuous recording at about 2 frames per minute or in single
shots.  This panel was operated in conjunction with the handling auto-observer
(see Reference 1), far the rajority of the performance tests. Om take-off
tests the handling observer was operated continuously at 4 franes per second
t 0 obtain a history of speed, acceleration, and attitude, and t he performance

/ observer
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observer at 5= 10 second intervals., In flight, under steady level ar climbing
conditions, t he handling observer was nermally operated at 10 second intervals
to obtanin speed and. height histories, and the performance observer at 2 ranute
intervals or every 1000 ft.

air tenperature was obtained froma balanced bridge type of
thernoneter which was read wvisually 2t the master observer's penel, For
reference purposes an irpact type thermometer bulb wes fitted, the indication
from whzeh coul d be selected to be presented cmeither the handling or
performance  observers.

~ The attitude neasurements an the air were obtained by wvisual
observation ¢® a Watts uk,IV drum type clincmeter.

A typical record fromthe performance auto-observer is shown in
Figure 1, the recorded quantities being as follows:-

Conpressor r,p.m. 10 engi ne3

Propel | er furbane r,pem. 6 power units

Jet pi pe tempersture 10 engines

Oon'f)ressor delivery static pressure - 10 engines

Fuel fiaw , 6 power units
Conpressor air intake tenperature « Engines 1, 34, and 3B
Conpressor delivery temperature Engines 1, 34, and 3B
Jet pipe static pressure Engines 1, 34, and 3B
Jet pipe dynanic pressure Engaines 1, 34, and 3B
Burner pressure Engi nes 1, 34, and 3B
Air intake pressure Power Units 1 and 3
Fuel pressure at flowmeter Power Units 1 and 3
Torquemeter Oi | pressure Engines 1 and 6.

Fuel contents

Conpressor delivery Static reference *
Panel tenperature

Altitude

Al rspeed

Air tenperature

Ti me

Fl ap position

Aircratt  heading.

There are two independent airspeed systens on the aircraft, both
connect e)d t0 Mk.8 pitot-static heads fitted t0 a mast on the hull, fsce
Figure 2).

. The | ower pressurehead,(No.1), feeds theCaptain's and Navagator's
instrunents, and the upper one, (Wo,2), the 1st Officer’'s, Engineer's and

Fl i ght Test instruments, A pitot in venturi vas fitted adjacent to the

patot Static heads, and wa8 ecomnnecteda to the pressure side of the test
airspeed indicator fUr the tale-off runs.

4.  SCOPE OF TESTS

Le1 Calibrations

L1.1.A S. 1. and air thernmoneter ecalibrotions

The test airspeed systemstatic pressure error with flaps and floats
retracted was determned by the aneroid method, Runs at various speeds between
130 and. 2s5knots |. A S. were made at a mean wei ght of 250,000 I'b. ‘and at a
hei ght of 300 Pt. above the sea in order to reduce ground effect. A stcady

/level
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% |n order t0 aveid overloading the airspeed system the static side of the
differentisl pressure gauges far conpressor deliivery pressure were comnected
to the static source of the powered flying control systemfeel gencrasor, This

is located inside the unpressurised NMOOriNng cormartment in the nose of the
Efrera™
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| evel approach to the datum point was made over the sea for a &stance of

ei ght miles to enable a calibration of the air thermometers to be carried out

at the same time, An additional check on the bal anced bridge thermometer cali-
bration was made in the course of steady speed runs at an altitude of 15,000 ft.

4.1.2. Engine performance eslibraition

The non-dimensionc]l performence characteristics of the single engines,
(the only engines fitted with torquemeters) Were determincd in the course of
level and clinbing flight econdations between sea level and 30,000 ft. The
purpose of this ealibration was to provide a basis for cngine power and thrust
determnation on the eoupled engines.

4.2. Performance tests

Lo2.1. Al r performance

Partial Clinb reasurcments Wore made at an altrtude of 10,000 ft.
with flaps and floats retracted, zt cnginc comprcssor r.pshm. Settings of
9,000 and 7,000.

Txtonsive performance | evel specd and clinb neasurenents were made
at heights up to 30,000 ft., end at speeds between 120 and 250 knots |. A S.
in such a way as to provide inforration for a dreg analysis.

_ A descent was made from 30,000 ft. at a constant |.A S, of 220 knots
in order to investigate Mach nunber effects.

4.2.2. Lift-curve slope

_ In the course of ({erformnce tests clinometer readings were taken
inorder to determme the O - wing incidence relationship.

4,2.3, ater performnce

Take~off performnce w S measured over a range of weights bet ween
225,000 and 295,000 Ib. in short ses conditions up to a4 1ft. chop. The
unstick distances were obtained by eine-theadolite tracking, using two
F. 47 take-of f eomeras, These were situated at either end of aspeeially
surveyed hse linc, an6 were synchronised manually, by neans of radio contact,
with the auto-observers in the airerzft, Acceleration histories were
cbtained fromthe l1ntter records. Outside 11r temperiture and pressure were
measured on tha aireraft, and the windspecds were obtained froma hand held
anemoreter on the standby launch, The wnter specd was obtained by subtracting
windspeed fromairspeed.

5.  RESULTS OF T.STS

5.1. Calibratioms

5.1.1,,A S. 1. andair thermometer calibrations

5.1.17.1. S4at1ic mressure orror corr.ction

The measured wvalucs of static pressure error with flaps and floats
retracted cre presented in Figure 3 as AVp, the correction to be applied to
the indiestud iirspoed, against Vg, the indieated airspecd, for a weight of
250,000 | b. at sea levcl, Tho mean corrcction to be applied is = 3 knots at
130 knots, zero at 166 knots, and + 1 knot at 250 knots.

/The
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The A'S.1. total correction, (stxtic pressars armar glus tthe ssellke
11titude tern), and the altimeter correction, for specds bet ween 130 and 250
knots |.A'S., and altitudes up t® 3B O0OC T4, are presemited i Figure
for an aircraft weight of 250,000 | b.

These corroections have been derived by the met hod of Referwnce 2,
and apply to lio,2 pressurc head, (sce Fagurc 2), used for the test instrumente,

5.1.1.2. Air thermomcter olibration

The results of the zir thormomcter calibration neasurements are shown
i Figure 5. The upper of the tio figurcs shows the results obtained =t sea
level for both the impact bulb and the mife cdge bul b of the bal anced bridge
t her monet er. Repeal mcasurcrments on the latter a1t o height of 15,900 ft. arc
shovm 1n t he lower pl ot.

The sea l1cvel vwlue Of k (the ratio of indieatcd temperrture rise
t 0 usentropic temperzture rise), wos derived fromthe ealeulated best mean
line through the points, and for the impact bulb is 0.951, which i s somewhat
low for this type. The sea |level and 15,000 ft. values on the balanced
bradge thernometer were found to be 0.673 and 0.701 rcspectively, the dif-
ference between these walues constituting a dafference in true tenperature of
| ess than 0.5%at the maximum airspeed attained during the performance tests.

5.1.2. FEngine norformnes calibretion

5¢142.%7. Shaft horse power determination

The measured torqueneter shaf't power on the single outhoard engines
are plottednon-diuension~ 11y in Figure 6. Shaft horse power 1s defined as:-

power turbine r, p..x tOrque neter pressurep,s,lL,
2209

t he torquemeter constant (2209), bei ng deraved by the Bruistol Aeroplane
Co. Ltd. (Engine Daivision),

The menn line dravm through these points 1s the basis on which the
pawer of the coupled engaines has been deterraned from measurements of conpressor
delivery pressure, and thas .5 discussed further in Para 6.1. and Appendix 1.

5.1.2.2. Jet thrust detormination

The zet thrusts from al |l engines have nlso been derived from t he
compressor delivery Pressure rgasurcments using calibrations based on tail pipe
pressure and temperature neasurenments on one single and one coupled pair of
engines, I1hese calabrations arc presented in Figures 7 and 8. Further

discussion 18 given i Para,6,1and Appendix 1.

5.2. Perforrance tests

5.2.1. Adr perfornances

The part1al clinmb performnce for c.r,p,m, settings of 9,000 and
7,000 s shown in Figure § for I,C,4,N, conditicns at 10,000 ft. at an
aircraft weight of 250,000 |b.

The measured total air drags ore shown 1 Figure 10 ona Cp —OL2
bag1g, and the points are identificd in terms of propeller thrust co-efficient,
(Te), values. In order to determine acouwrite mean lines for T, = 0.05 and
0.10 the slipstrsem corrcction of Fagure 11, (See bilow), was applicd to
correct the measured valucs to Tg = 0, (Figure 12). The single line through
these points was then used in conjunction with Fugure 11 to derive the mcan
lines plotted in Figurc 10, On the sare figure Cp is plotted against Mach
No., (from 0.45 to 0.55). for the one Gy, value, (0.285), = which mes antoments
were obtained, I The
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The effect of slipstream on drag, calculated fromwnd tunnel
teats, (Referenoc 3),is presented in Figure 11as 40 against Te and O
The rclationship between these values and the evidcnce of previous full scale
tests, (Reforcnoo 4), is discusscd in Fara,6.1,

From the corrections of Figure 14the neasured total drags have heen
corrected to zero slipstreamand arc shown in Figure 12, where the original
Te val ues of the nmeasured points are identified.. The basic aip drag character-
iatics have been derived fromthe nean line through these points,

5a2.2.Lift curve sl ope

The wing incidence nmeasurenents are plotted in Figure 43 against
Cr,, and Cp, corrected to zero slipstreaw at constant incidence, based on the
formula gaven iN Reference 4. From the mean | ine through the points cor -
rected to zero slipstream the effect of slipstream has been plotted on the
measured pcints, for the T, values 0.05, 0.10, and 0.15, by a siiular
procedure to that adopted for the air drag neasurenents, (Para.5.2.1).

5.2.3. Water Perforoonce

The neasured take-off performncc data is presented in Tables 1 and 2.
Tabl e 1 gi ves the basic condations of the aircraft, the ncteorological and
sea conditions, hunp conditions, and the unstick distance and speed for each
measurcd run. Table 2 gives thelongitudznal acceleration wlues for wat er
specds from 30 to 80 knots in 10 knot Increnents, and for the unstick.

The wvariation of the minimum, (hunp), longitudinal acceleraticn
with weight is plotted in Figure 14.

In Figure 15 the take-off' diatancca, corrected to 100 knots water
apeed by the rwthod of Reference 5, are plotted against all up weight. The
effect of hull trim (2s defined by fixed elevator angles) cmdistance i s shom
in the same figure, These distances corrected to a constant elevator angle
of = 9 degrees, baaed on a linear variation of distance with elevator angle
fromFigure 15, are plottcd an Figure 16.

6. DI SCUSSI ON OF RESULTS

6.1. Air performince, drag analysis

Experimental methods of performance reduction would be of no
irmediate value for this aireraft as in any final form it would. not have
Proteus 600 geries engines Installed, as discussed in Para,1, |t has there-
fore been found nore convenient to erploy an analytical nethod of performance
reduction in order to obtain data not specifically related to the power plant
used.

;nalytical net hods have their shortcomings, particularly when appl i ed
to propeller driven aircraft with erleulated, as opposed to neasured, propeller
efficiongy, and, (in the absence of torqueneters), shaft horse power. Due to
machanical limtations toryuemetcrs were faitted only to the single engines of
the Prancess, so that a direct measurenent of only 20% of the total shaft power
was awvailable, The method Of detormining the power of the remaining engi nes,
by measuring the conpressor delivery pressurc and relating this to the neasured
characteristics of the single engincs, i s discussed in Lppendix 1.

Thas met hod of determining the powver and resadual Jet thrust was quite
| aborious, especially when considering ten engines, but such cross-chocks a8
have been made suggest that the val ues obtained were reasonably accurate and
consistent.  As pointed out 1n Appendix { there wms evidence to suggest that
the coupl ed engine powsr derived fromthe ealibrations were slightly hrgh, and
therefore these powers have been reduccd by 2% when cal culating the thrust.

| Propel | er
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Propeller provulgive efficisncics, for the single and coupled
Bropellers for all performance measurerents, were derived from curves supplicd
y the mnulacturers,

In caleulating the walues of the total drig coelficient, Cp,
allowance kas been made Tor the power requared for auxiliary services, including
cabin blowcrs vhen these were in operation., The net et fhrusts were based
on the gross thrust and air mess [low, derived from tallpipe measurements,
related to compressor delivery pressure (sce appendix 4), assuming the engine
air mbike veloeirty to he the same as the frce strenw veloorty.

A corrcetion 1O the full zeile measured drags for slipstream efloct,
(Pipure 11), has been derived from wind twmnel tests, (Reference 3),2nd this
correction has been cormpa:ed with the [ormula derived in Reference 4, which IS
based on the changes in profale drag, varizble nom-induced drag, and incidence,
at constant ¢y, The agreement votween the dragincrements obtained from this
formul a =nd the tunnel 4cgts 1S excolient atv | ow ywlucs of , (Less than 0.h).
The tunnel figurcs give a grater increment, by about 255, at hi gher O, valucs
however, which over the range of Te walucs covered corresponds to icss than
0,001 aiffercnce 1n Cp. The use of these hagher coryvections can be justifica,
particularly as the net jot thrusts =t high T, w1ves wall in fact be less than
the cal cul at ed valucs (the slipstrons giving rise t0 a higher int<ke volocity
t han that of the free strcam, the momentum drag iould then be greoter than
elculzted), (The differcnce in net jet thrust at a T, value of 0.10 would be
of the order of 20, which i S approxarately e in total thrust or nearly C.CC1
differcnce i n Cp at a G of 0.7).

The measurad drag cocfficient valuees carrected t0 zero siipstrean
pletted an Figurc 12, do not vary linccrly with G over the Cp range, which
sugrosts that there my be a change in Cpy With incidence. 4 lincar relations
sh.p does however hol d good up tO cruising Op wlucs, ladout 0,65), the
equation to the curve being »

Cox = 0.0179 + C.03902

50,0179 + 1.12 2
®

[
r

where L, the aspoet ratio, 1S faken as 9.18, based on a flewt cnd plate

offectiveness of 5%, o opposcd to the anticipated waluc of 1C, giving an
agpcet ritio of 9,62, vhich IS not achieved owing toO the leaks ot the wing
tip to float guaction),

The Besie drag and lifting efficrency walues are therefore:-

Opg = 0.0179
Dion = 1070 | b.
K = 1.12
(1/Dlinx, = 18.9

Then the basic drag curve W thout slipstrean is corrected to valucs
of Te = 0.052nd 0.10 the separation of the rcsalting curves shows good
agreoment with the separation Of the mneasured total draps at the approprinte
Te valucs, (see Figure O, thus indircating that the slipstream corrcetions
uscd are of the right ordcr.

The equations to each of these curves for Gy < 0.65 are as
follows 1=

/Ta
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T, = 0.05, Op = 0.0188 + 0,0402 Cr?
0.0188 + 1,16 QLZ,
TaA 5

0.0197 t 0.0432 G
2

0.0197 + 1.25 O,
A

Tg = 0.10, ¢y

1l

(with A = 9.18).

The scatter of the points i S somewhat greater than coul d be
desired, although it IS not excessive when taken in relation t0 the method
of paver analysis and the nunber of engines involved, The degree Of accuracy
of these points is probably of the order of £ 5%,

The few neasurenents made dur descent at constant Cr, while
varying Mech No., (Figure 10), are Inconclusive, Stsady conditiOns were
not attained until the lach No. had reduced to 0.55 and there is insufficient
evidence to say whether the higher value of ¢p at this iach No. is true or
just due to scatter.

6.2. Laft curve slope

The measured relationship between lift coefficient and wing incidence
has been corrected to zero slipstream by the method gaven in Reference 4. The
correction has been applxed to the measured ¢ values at constant wing
incidence, the ratio {Cy corrected to zero slipstream/% neasured), being
taken as 1 = (1 ,405 Tw). Both the corrected and uncorrected val ues are shown
in Pigure 13, and the sﬁope of the mean line through the corrccted points gives
a val ue of d¢r/de = 0,093, Extrapolating this line to ¢ = 0 gives a no-lif't
angle of -1,4 degrees.

The equation for wing incidence without slipstream becomes
therefore,

. WNG = -1.4 + 10.7 O, degrees.
When this nean line 1s corrected to given To values as fuxr the

drag neasurements, (Para.6.1)}, the seperation of the resulting |ines shows
good agreement with the separation of the measured results, (see values

on Figure 13}, and confirm the order of the calculated slipstreameffect.
For the same no-lift angle, (-1.4 degrees), the slope for To val ues of
0.05, 0.10, and 0.15, g 0.098, 0.104, and 0.111 respectively,
The equation to wing incidence with slipstream becones:
ol wing = -1.4+ (10.7 - 11.8 Ty) Cr, degrecs.

6.3. Water porformance

6.%5.1, General

. The important criterion for the take-off case of a flying beat
IS that there should be adeguste thrust available to accelerate the aircraft
through the raximm Wat er arag, (iump), condition,

The water performence Of this aircraft has been measured. in terns
of longitudinal accelerations, to investigate the effect of all up weight,
and t0 obtain a measurc Of the maxamum value of RAT, (1.e, air plus water
drag/al1l up weight). These mensurements have been mde in conjunction with
rcecords 10 dstermine take-off unstick distances and the results are discussed

/in
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in the felloving paragraphs. The distances have been analysed mainly for
comparative purposes to investigate the effect of attitude and ~11 up weight,
ag, mth the dscrated engines the take-off distances as such arc of no real
significance,

6.3.2. Longitudinal accel erations

The minimum hunp longatudinal aceelerations recorded on each
measured take-off run are listed with the take-of f anta 1 Table 1, and are
plotted against al | up weight i n Ficure 14, Whilst the aceeleration-weight
relationship 1s NOt necessarily linear, the best anterpretation of the
measurements over the weight range covered 1s a linear one which has been
derived by the nethod of l'east squares. The slope of this line da/dw =
-1.058 x 10", where a = longitudinal accelorition, 'g' units, and W =
aircraft all up weight.J,b  The cquation for the runimum acceleration, 18 2min
= 0.3753 = W (1.058 X 10“5), the respective wlues at 250,000 and 295, 000 1b.
then being 0.114 %z tand 0,063'g!

It has not been possible t 0 analyse these measurements individually
intermof drag, owing to the amabilaty to make an accurate determnation
of engine power from measurements of conpressor delivery pressure under take-
off porer conditions, (see Appendix 1). From the mean engine operation
eonditions & power val ue has however bheen derived fromthe single engine
torqueneter val ues which, when associated wath the propel | er performance
curves supplied by themanufacturers, gives a total thrust of 72,600 1b. at
the mean hunp speed of 50 knots, under I,¢,4,N, standard conditions, Using
thae fagure, and the accel eration as defined by the cquation above, a total
drag value has been obtained which, expressed non-dimensicnally, as the ratio
of total drag to all wup weight (R/W) 1s 0.177 at 250,000 | b. and 0.183 at
295,000 b. These figures are only approximmte but do give an indication of
the order of the maximum RAT walue,

A sumilar analysis, to that for the hump Speed, can be applied to
the acceleration measurements at ot her water speceds, which are presented in
Table 2. Tho munirmum acezleration as the inportant factor, and these results
have been corrclated Wth estimted data Dy Saunders-Roe Ltd. in order to
provide a basis for future devel opnment. The facht that it has not been
possible t 0 measura thrust values or waterborne loxd, (a fact which i s not
pcouliar to this aircraft, but wmay be applicable to full scale tests on any
Tlying boat, particularly Where development as opposed to research trials are
in phr.ogress 5, has precluded any detailed water performance anal ysi s being made
at this stage.

Some of the water performmnce data was obtained on take-offs made
primeraly for handling purposes at various hull attztudes as defined by
fixed clevator settings, TO determins whether the changes in attitude had
any mexsurable effect on the performnce, the hump acceleration neasurements
WEre corrected t0 a standard weaght an two groups and plotted against attitude.
The Wei ght correction wag derived fromthe slop: of thezceeceleration-weight
relationship,

These results have been plotted against devator angle, with the
asgociated hull attitudes obtained from the faired take-off trim neasurenments
presented in Refercnce 1, The indications are that at the |ower weight,
240,000 1b, there is an increase in acocleration Wth a reduction in hull
attitude from 9 to 8 degrees, (reducingelevator angle from 11 degrees to
zero), any further rcduction in attitude having no cffcct. At the higher
woight, 285,000 | b., there is no detectabl echange i nacceleration with
attitude over t he range covered. This difference between the two weights
Is to be expected, the effect of attitude changes decreasing with increasing
load on vater, at higher speeds, When the 1lcad on water decreases, there is
i fact an increasing 'effect of attitude on acceleration at 285,000 Ib., which
however, s at all times | €SS %han that at 240,000 | b. which remins vavluwn 1y

/the
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the same as for the hunp condition. The scatter of the results for both weights,
particularly at the higher speods, 1S SUCh that 1t 15 NOt possable 1O determine
quantitatively the precise effect.  This is discussed further in the following
paragraph in relation t 0 the effect of el evator setting on the take-of f distance.

o Pew neasurenents were mnde of the take-of f acceleration under
crosswind conditiong, The results obtained were not conclusive but did indi-
cate a decrease in hunp aceeleration whach, as would be expected, wxs proport-
ional to the [oss in thrust aue to throttling back of the dowmwind outbeerd
singl e engine,

6.3.3. Take-of f distances

. The neasured take-off data 13
unstick Airstinces having been corrected
zero wand by the expression

Z + 2

& )

=] r— = Rafcrence 5.
2y g‘te_}

a and s refer to measured and standard conditions respectively.

o tempcrature correction has becn anwplied, as over the range of tenperatures
cncountered, (+ 6 t0 + 189¢), thi effcet ON engine perforrance at lov forward
spceds 18 1nversely proportionnl tO the effect on propel | er perfarmance, so
that there i s nosignificant change an thrust.

cummariged in Table 1, the measured
to 2 standard speed of 400 knots in

.11 of the neasurenents wwerc¢ rode at fixed elevator settnys, with
the result that therc w28 1 considerable variaticn 1n unstick speed wath the
el evat or settings used, Jith the exception Of the measurements with an
elevator angle of + 10 degrees over the hump, which have not been included in
this anal—-sis, the elevator settings divide into two groups, vath mean angl es
of -4.5 7% 2.0 degrees, and -9.5 + 1.5, = 3.5 degrees. The asscocrated mean
wmstick airspeeds were 110 and 95 nets respectively, and, as no standard
take-of f teechnique or safcty speed wag dstermined, an arbitrary standard value
for all weights, of 100 knots, +msassumed for comparative purposes. This
assumption does not givea represceniative optimun unstack di stance for all
wei ghts, althoush the uasiick speed on $est wag in fact 100 knots at an all
up weaght of 295,000 |b. and in elewtor anglc of approximtely - 9 degrees.

When the reasured distances, corrected to 10§ knots, are plotted
againsy &11 up wveight there is a separation between the values for the two
groups of elevator secttings, (Figure 15). The sreller elevztor angles with the
corresponding Jowsy mean hull zttitude gave the shortest distance, and this is
consastent with the indicataons fromthe langitudinal acceleration mensix ements,
EErr.G. 3.2.). To determane the crder of thrs difference, the low weight,

| ess than 260,000 Ib.), Adistrneces were corrected to a standard weight of
240,000 |b., by the method outlincd belov, 2nd plotted agrinst elewtar angle.,
From the linear rel-tionsaip existing befwecn these valucs, the elevator setting
wes found t0 1nareise the distince by 65 ft. per degree upward movenent (1.c.
increasing hull attitude), The distonces appropriate to the nmean elevator
angles, corrscted tO higher veights, (lines m Pipure 15), ndiente an incrense
in this effect sraith weaght, which is not however borne out by the measured
values, ulthough ot the highsr weaghts the results are rather scattered, they
sugsest that the effect is of the same order as for the laover weights, (the
p.reentage ef fect thercfore deereasing vith inecreasc in weight). This is
congistent with the indicntions fron the accelor bion rensurements di scussed
m Para.6,3.2., namely, thnt the perforranceis less sensitive to attrtude

at the higher weights,

gorrection to distanc.s Of 65 ft. per degree has therefore been

applied 1O the values at 211 weights {0 bring them to a standard elevator
angle of - 9 degrecs, (Fipure 16).
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The mean line through these points, showing the variation in distance

with all up ‘“’“Eht’ has been derived by first calculating the mean excess thrust
at 240,000 Ib. based gn a distance of 2,350 ft. The change in excess thrust

Wi th weight has been derived fromthe longitudinal acceleration rmeasurements at
70 knots, (Table 2). (It 1s assumed, (Reference 5), that mean accel eration

corrections are referred to 70% of the Standard speed, which in this case 1s
70 knots).

The nev distance was then caleulated fromthe expression =

(Reference 5)

where z = waterborne distance,

W = aircraft weight,

F, = 1wan excess thrust during waterborne run, and suffices a and &
rufer t0 neasured and standard conditrons reapectively,

This gives a distance (vhach IS the unstick distance at the maximum
wei ght at which records vwere obtained, 295,000 | b), of L4750 ft.

Thi s distance 18 rclated to a relatively high initial speed, the
aver age toxying speed at the cormencerent of sach measured run berng 15knot s,
(Table 1). This taxying speed was dictated by the rnature of the idling power
settings required to enable the palot to open up all engines to take-off
pawer as quickly as possible, The distance quoted therefore would be slightly
| onger for any reductionin taxyi ng specd, beang about Z: wvhen comzencingfrom
zero forward speed. In the derivation of correcticns for speed, wind, and all
up weaght, the error involved an not taking ante account the toxying speed
would be about 2% of the corrcetion, the effect on total distance therefore
being negligible.

7.  CONCLUSICNS

o The pasic drag and iifting efficiency values compared with previous
British flying boats are as follows;~

bLircraft A Cpy D100 b. K (1/D)max.
Princess (effectire) 179 1070 1.12 18.9
9.18
Sl&;&}ﬂg? 8.61 L0243 760 1.12 15.7
S‘Eg%?f%ndl | 7.53 L0309 603 14 | 13.2
S?ﬁi,‘;:rfg.) 9.86 035 10,5 1.15 13.91

The low Cpy and the haigh (L/D) max, yalucs are considerably better than have
bewn schieved on previous flying boats. Improvements to the wing-tip to float
junction, control gap sealing, and general aercdynmamic cl eanness, woul@ corL-
tribute towards an improvement i N these al ready good drag chrracteristics, The
effect of slipstreamat cruising G values, 1.6, valueslesst han 0.65, with
T = 0.05 is t0 mnerease the basic profil e drag coefficient and t he induced

drag factor, z,e 0
v = 0,0188
I%DO = 1.16 I There
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There are al so indications of a change in profile drag {in addition to that due
to slipstream) with Cr, which Decones appreciable at Cp values in excess of 0.65.

The no-lift wing incidence was found to be - 1.4 degrees and the
variation of CL with Wing incidence at zero slipstream0.093 per gegree,
increasing t0 0,114 at Ty = 0.15. Thas increase in Slope with Te 18 the basic
reason for the dearease 1N longitudinal stabality, (Reference 1), at high
power low airspeed conditions.

On the water at the highest seight at which systeratic records were
obtained, (295,000 | b.), the minimum, (hunp), |ongitudinal acceleration for
a medi um sea condation, (approx. 1 f1.), was 2.04 £t./sec.?, (0.063'gt).

Commencing froma taxying speed of 15 knots, (a speed dictated by
engine and é)ropel | er operati n% conditions), the distance to achieve an unstick
specd of 100 kmots at 295,000 I b. 1n zero wing I.C,4,N, standard conditions,
with a fixea elevator setting of - 9 degrees, was 4750 ft.

No reliable neasurenents of engine payer could be cbtained during
take-of f, thus precluding any water drag analysis. However, using the engine
mean output on the single engines obtained fromthe torquemeters, the propeller
thrust data was obtained fromthe mnufacturers performance curves. Fromthe
total thrust so obtained, together with the nean hunp longitudinal accel eration,
the approxamate values for meximum total resistance at 250,000 |b., and
295,000 Ib., were calculated to be 0,479« and 0. 183 W respectavely.
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A =  Aspect ratio, bg/S.

a = Longitudinal acceleration, 'g' units,

b = wng span, -~ ft.

C = Drag coefficient of aircraft, -rith slipstream

Opg = Drag coefficient at zero luft, with slipstream

Op,. = Drag coefficient of aircraft, without slipstream

Cor, = Drag coefficient at zero lift, without slipstream

CL = Lift coefficient, 7 cos ¥ /% Pvzs. \

a = Propeller diameter, ft.

D = Ar drag, Ib.

Dipo =  Air drag, Ib. at 100 £t,/sec., at sea level corresponding
to Cpy (i.e. without slipstrean).

Fo = llean excess thrust, |b.

g = Acceleration due tO gravaty, 32.2 £4,/sec,?

K = Induced drag factor = ma( d GD/C{CLZ).

k = Ratao Of indicated temperaturerise toisentropic
terperatureri se.

L = Lift, Ib.

1 =  Mach nunber.

B =  (Compressor air intake total pressure, p.s.i.

bg — Conpressor delivery static pressure, p.s.i.

R = A1r plus water resistance, |Db.

S = Jing area, f”c.z.

Te = Propeller thrust coefficient = Thrust per coupled
unit/ 2.856PV25.2.

Ty =  Compressa air intake total tenperature, degrees K,

t = srbient air temperature, degrecs K

Usg = Unstick water spocd, Imots,

v = True air speed, hots.

vy = Equivalent to air speed, Vvo, knots,

VR = Indiecated air speed, knots.
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dareratt all up wexght, |b.

Engi ne air mass fl ow, ib./scc.

Goss jet thrust, Ib.

Unstick distance, ft.

Relative air temperature, t/288,

Rel ative air density, e/ Po

Air density, sea level value (p,) = .00238 La]g.zgc;s/f”c..3
Wing 1incidence to flight path, degrees.

Plight path angl e t o horazontal, degrees.
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APPENDIX T

Engine Perforrance wnalysis

1. I TRODUCTION

The investigation into the engine performence has been dictated by
the need to determne the total thrust produced by the ten engines, The problem
has been considerably aggravated by the fact that torquemsters were fitted only
to the two single engines. Mechaniesl luaitations in the coupling and contra-
rotating gearbaxes precl uded the fitting of the existing type of torquemcter
to the coupled power units, which neant that a direct mcasurement was avail -
able of only 207 of the total shaft horse power,

However, by carrying OUt measurements in the air of the shaft horse
power output of the single engines, and re¢lating this to conpressor &sli-cry
pressure, a calibration hag been derived which has been uscd as a basis for
the deriwvation of power of the coupled units. . gumlar method has been applicd
t0 detcrmine total jet thrust, jot pipe conditions boing measured in only three
of the ten tailpipes,

2, DETERMIN.TICN OF SH.ET HORSE-FOWER

The operation of each stage of a gas turbine engine my be expressed
1n the formof non~dimensional paraneters which, for any given engine, are
intimately related between the wvarious stages, mnawely, intake, conpressor,
combustaon chanber, turbine and j et pipe. Thuz a unicue relatimehip my ba
sa1d to hold between, for exanple, conditrons across the compressor and the
t urbi ne. The conditions across the turbine, i,e, changes I N tenperature and
pressure of the air fromentry to cxit, couprled with the turbine efficiency,
define the power which it IS capable Of delivering for any gaven set of
conditions, It is not, at present, practicablc to measurc turbine conditions
on norral {li1ght engines, but, DY measuring conditions clsevhere 1n the engine,
(c.g. cONpressor), ané relating these to kaowm turbine conditiems fromthe test
bed, it IS then possable to relate power output to compreszor pressures. Going
a stage further, yp conpressor conditaons and shaft power are measured sinult-
aneously, thesc two may be related dircetly, turbine conditions not being
dxrectly rel evant.

This forms the tasis fromshich couvpled unit povers have been
determ ned for the Protcus engines 1n the Princoss, | n the course of the
aircraft performence teste sirmltancous reaswrements were wade of torquemeter
pressures on the singl e engines, and of compressor delavery pressurcs on all
cngincs.  From these measurcments t he rolationship betiecen non-dimensional
compressor delivery pressure raticp »/F,, (corpressar delivery static pressure-~
air intake total pressure), and non-dimensiornal shaft power, SHP7P1{T1 (where
Ty is air intake tenperature) is catablished, ®

Fromthis relationship, determined on the single units, the shaft
horse-power for the coupl ed units was obtained using fhe measurencnts of
ba'Pyon these units, and a typical calibration curve i s shown in Fapgure 6.

/ Thi's

- |
In sctual fact the truc non-damensiomal formof the latter is SHB/A4ByV Ty,
where A4 zs a representative cross scetional arca of the intake air flow path,
whach, beang constant for any given ensine i s omtted. Dimensional analysis

of the truc ex;:Eesgl on serves t0 shov the non-dimcnsicnal naturc in this forr,
viz, Power = ML%/T?, Pressure = M T% Tenperature = L2/12,

*

SHE/Aa4Pyy T4y = M2 x1 =xT9L x7
o 12 M T
of whwch all the dinmensions cancel out.
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This relationship 1s not theoreticaliy quite correct, there being veriations
due to varying pressure ratio across the onpine, and differcnces 1N turbinc
efficiency between engincs, Over the range of heughts and airspcods caverced,
the variation I N pressure ratio wes relieinel; swmall, but even 30 any effeckt
on power was minirised by making cheek calibrations in conjunction wiih cazch
crivs Of perfrrmence togts. |f the ealibration differed sagnilzcantty from
previous figurcs it was used foOr analysing those particular measurcments.

iny effeet due to wvariations in turbwne efficiener Ny bC compensated
for in some meesure vhen the results are mecaned out over ten cenganes, |t could
be taken fully into aceount by using nen-dimensional total ccuimlent horse-
pover, (1,e, mcluding jot thruss), and @ hicher dogroce of accucncy be obt:incd
by elrminating assunptisns @S +to intake pressurc and tomperature ca the unats for
which this tms not gessursd. This would involve substituting arbiens static
pressurce and jet plpe tenperature for these quantatics ma deraivang calibrations
for lines of constant “rece streampressure ratio. Short of eorrrang cut an
extensive cngine performance prograrmc On these lincs, Which 1t 31 not possible
to do, it s doubtful whether any anpreeiably higher degree of aceurscy of power
deternination eould be schieved,

No serious attempt has been mde to rel ate the reasured pover to
vrochure figurcs as this would have inwolved a considerable amount of additioml
analysiswork. 4 few spot wvalues have however been choccked, ang for one Set
of measurements, the spccifac Pucl consunption was ealculated using the reasured
fuel flows, the walue SO deraved agrecing closcly nth brochure Iigures,

Overal |, the pawers obtained DY this method have becn consistent and,
together waith the jet thrusts, hawve enabled @ remsonable sar drag analysis Of
the aircraft to be made, The exception hes buen under tike-off pover conditions
on the water and at low altitudes with high air flow through the engines, The
conpressor delivery static pressares on the coupled engincs under these
condations vere rather seattered and gave mean pressure rotros higher than tho
single engancs by =bout Ly for +the same corrected engine w.n.m, The powers
derived fromthe calibration CUrve at the appropriate comyressor pressure rati os
wore up 10 4 5% hi gher than anticipated, and were considercd to be wnrcliable,
Whi | st the eifeet decrcased raprdly wath redacsiin 1n r.p.m, an investigacicn
suggested that the coupl ed enpine comrrossor pressurcs, and therefore tne povers,
vere st111 slightly high under crulsing power conditions, possibly due to smll
discrepancies in the measurenent of intake pressurc, In the light of this all
trr]le coupl ed engine powers were reduced by 2, when czleulating the propeller
thrusts.

J.  DETERMTLAZION OF JoT THRUST

Jet pipc pressurcs were measured I N fhree tailpipes only, narely on
one single and one coupled mair of engines. Frou these measuroments the gross
thrust and air masg Plow were caloulated and plotted non-dimensionally 28
Xc}/P,] and '.IewaJ;/Pg against P2/P“| , see Figures 7 and 8.

These calibrations were used in the same rmammér as that for povwer,
the total thrust being determined USi Ng these gurves and the compressor delivery
static pressure rati o on the remnining engines, There are srall €rrors involved
in assuming these rel ationships, and sumilar remarks apply as far the pover
determination regarding the Slightly higher comprossor pressurcs on the coupled
units, .ny discrepancics which tight exist have hovever been irnored, as the
jet thrust 1z only 10 of the total thrust, and ap error in Jet thrust
determination of as great as 10, would only constitute a 4,> error in total thrust.

/TLBIE 4
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T/BIE f
Take-cof f performance, flaps 10 degrees dowm

direraft Condation Sea Level Not. Conc‘i1t10ns| Fump Condit aon Unsti ck
Run 0 7., LG, Dlevator [ Taxying Sea ~Pressure] Tenp]  windT.ater JLongitudinal Kecel .ater pncorrected Distance
Ref . 1b. position angl e Jater | Conditxons| p.s.i, °C | S5peed |Speed |..cceleration |uttitude |Speed Digtance |corrected ¢
NO. Z 8.M,0. degr ees. Speed Knois Knot|s tg! degrees knots ft. 100 knots

knot s and zero wain
1 256,000 28.2 - 5.0 AR 14.85 | + 6 8 48 13 9.0 99 N.R,
2 3030
3 254,000 £ 8,181 - 5055 15 UB e | +466 6 s 2107 0.0 8.8 0% 2603 288l
4 250,500 28.0 -~ a.0 14 -14.85 | + 6 6 5.3 12 9.1 86 N.R, -
5 247,500 28.0 - 8.0 14 14.85 | + 6 45 ,110 9.0 86 2263 3060
6 245,000 27.9 w 2.5 16 Calm 14.85 | + 6 4 47 125 8,0 105 3151 2858
7 242,000 27.8 “ 3.5 15 14.85 | + 6 3 L7 .125 8.8 18 2996 2717
8 239,500 27.0 w 9.0 15 14.85 | + 6 4 48 L1126 8.8 83 2269 3216
9 236,000 27.7 ~ 10.5 18 14,85 [ + 6 3 L9 121 8.7 1766 2564
10 | 234,500 27.6 » 3.5 15 14.85 | + 6 4 1.6 .123 8.5 109 2898 2439
I 231,500 27.6 w 3.5 15 4.8 |+ 6 3 45 .128 9,2 184, 2563 2080
12 247,500 28.0 - 9,2 14 14.81 | +11 8 52 108 8.6 83 2060 2920
13 244,000 27.9 ~ 10.0 15 14.81 | +11 8 o ,118 —a- 81 2221 3224
14 21,000 27.8 » 9.0 17 6 inch 14.81 | +11 a 52 A15 8.8 83 1985 gﬁgﬁ
5 34,
e | 237,008 | 27.8 - 10.0 17 CBoRneh C 14,81 | 4145 8 50 Ry 8.0 86 2090 2693
83
{8 | 230,000 | 27.4 + 10 NR chop 14.81 | +42 7 46 ALS €.8 8% Ngis 2784
19 225,000 27.4 + 10 x 17 14.81 | +12 7 48 .150 6.8 1770 2569
20 223,500 27.3 + 10 15 14.81 | +13 50 L2 6.9 85 1500 2630
NR ~ no record.

X - This elevator angle was maintained until approximately 65 knots,
when 1t was noved to = 9 degreeg for the remainder of the run.

/g T (coNTs)




Take~off performance, flaps 10 degrces down

. )

T T T

Alraraft Cor tion ca Level e, Conditions lump Condit ion Unsti ck 7{
Ruan [ . . . [ Llevator | faxyin Sca ressure Tgmp Jind  |ater songrtudinal Keel Water | Incorrected Drstance 1
ef I'b. posi t1on angle imter | Conditions PeS,.1i. c speed Jwpeed | .cceleration }attitude| Speed | Distance corrected té;
No. v S.M.C. | degrees Speed Knots |Kaots tg! degrecs | Knots feet 100 knots arg
inots zero Wnd. !
24 | 295,000 28.0 - 5.0 15 14.79 + 16 5 50 L06% 9.5 111 5000 4058 :
22 | 291,000 | 27.9 - 5.0 13 14,79 + 16 8 50 . 061 9.5 112 5250 4185 !
23 | 287,500 27.8 “ 6,5 15 14..79 + 16 6 50 066 9,6 104 3580 3510 '

24 | 284,500 27.7 - 5.0 15 14,79 + 16 5 50 .070 9.0 110 5000 4132

25 | 280,500 27.6 w 6,5 1 6 inch 14.79 + 15 7 52 .083 9.2 101 4300 4215
26 | 277,500 27.5 - ab 16 chop 14.79 + 15 6 5h, 077 9.0 95 3220 356% ‘
27 | 275,000 27.5 - ab N.R 14.79 + 15 12 L8 .090 8.8 8l N. R. - ‘
28 | 272,000 | 27.4 - 8.5 1 14.79 + 14 7 50 .085 8.8 89 3150 356h. I
28 | 270,000 27.4 - 11,0 15 14.79 + 1 9 52 0% 8.4 85 3060 4235 :
30 | 268,500 27 .3 - 11.0 13 14.79 + 1L 8 52 .09% 8.5 83 2960 L2397 I
24 | 267,000 27.3 - 13.0 16 14,79 t 14 6 50 098 8.6 87 2850 3765 |
32 | 290,500 27.9 - 9.0 | WR 14.87 + 10 a 18 973 9.4 92 N.R ;
33 | 287,000 27.8 = 9.0 N R Y inch 14,87 + 10 11 50 €79 9.9 88 N.R. |
3 | 28,000 27.7 - 9.5 | M.R. to 14,87 t 1 14 L6 075 %6 8 N.R. |
35 | 280.500 27.6 ~ 95 | NR 12 inch 14.87 + 11 16 48 .070 10,0 83 N. R. ;
36 | 277,000 27.5 - 9.5 N R c hop| 14.87 + 11 11 50 .088 9.3 82 N.R. |
37 | 295,000 28.0 - 9.0 18 14.75 + 17 11 52 . 066 9.5 87 332C 4386 !
38 | 294,500 | 27.9 - 9.5 9 9 inch 14.75 + 16 12 50 .065 9.1 89 3580 1520 !
39 | 284,000 27.7 » 9.0 17 chop 14.75 + 16 12 50 083 9.8 87 3585 K697 i

10 | 295,000 28.0 - 9.5 N. R 5 1 nch| 14.72 + 18 10 50 .059 9,2 91 N R -

41 | 291,000 27.9 + 8.,5=| N.R. to 14.72 + 18 11 47 073 a.2 90 N.R, -

L2 | 288,500 27.8 - 9.0 | NB 12 inch 14.72 + 18 10 50 068 9.5 9% N.R -

L3 | 286,500 27.8 + 9,0x| NR chop 14.72 + 17 10 50 O, 8.4 92 WR. -

N.BR, = No record.
X = Thi s elevator angl € was mintzined wntil appraximtcely 65 hot s,

vhen it was moved t 0 approximtel; - 9 degrees for the remsander

of the run.
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TABLE 2
Take- of f Tionpatudinal Accelerations 1n
"g‘ units
e
Speed
Run P =
Ref. | Q Kts iLO Kts. 50 Kts. | 60 Kts 70 K%z, | 80 Kis. Jnstiek
No
1 .127 .128 .13 .128 ,152 L166 173
2 116 A1 123 RI% REL 163 .166
3 125 123 .128 .150 L3 .156 .188
4 2L 116 A16 LT 163 .180 .180
5 118 EER 121 W43 62 L1473 168
6 133 125 o141 A6 .168 167 .160
7 o132 130 137 ,159 168 S16L 156
8 REA .13 128 ,156 175 ATT 163
9 RES 123 129 A5l A7 T2 169
10 .128 .12 136 L7 .158 67 153
11 131 135 L0 L1162 172 .165 .165
12 .098 .10 .108 126 135 AL A4
13 100 130 118 123 260 153 48
14 093 130 120 125 158 L3 JAL3
15 .098 .118 13 133 .158 158 155
16 .10 L3 A3 155 AT73 .185 .178
17 393 135 JALO .158 . 150 ,158 155
18 .108 A 150 .178 JA75 ,168 ,168
19 123 .150 .153 .178 73 183 188
20 A13 133 A2 159 .166 196 176
21 L0914 072 ,063 071 ,106 106 123
22 L7T0 066 061 N.R, .100 105 120
23 el LO74 .066 ,078 107 .04 . 129
20 091 .08, L0770 .09 13 07 .139
25 105 100 .88 .099 .13 127 121
26 A0S L1060 081 093 12 .123 REY
27 . 096 .092 , 095 REE 126 .136 .138
28 097 098 835 .099 148 425 42
29 085 .165 . 094, 12 23 .132 o154
30 08 110 ,098 .105 128 .150 A5
31 L5 ,112 .098 107 122 43 137
32 . 084 . 080 N.R. N.R. RE .123 115
33 .098 .086 079 .108 .120 133 .130
3, L5 077 089 165 127 .35 .125
35 078 102 075 122 123 128 A33
36 .89 095 088 17 .131 LAl b
57 067 079 067 .086 .92 .102 .108
78 085 LOBD .065 ,100 L1907 .120 .118
39 .0aa .089 083 109 .105 J20 .122
iy 075 063 .055 . 063 .099 .105 .18
24 .088 ,078 .078 .08l ,102 .106 L109
W2 L0914 .080 . 068 .08l 101 116 118
+3 .091 .085 07 106 i 101 ,122 15
N.R. = no record.
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FIG. 14

EFFECT OF WEIGHT ON LONGITUDINAL ACCELERATION
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