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1 5th Per:- of ' eport No. AARE/840

MEOPANE AIM A2E EPERiENAL ESTABLISMIEN
BOCONME WO.VTIr

?-Iarathon I VX. 229
(4 Gipsy CPueen 71)

.... and .Itimeter Pressure Error Corrections

A, ~.,B.Ref: ,VME/571l/P2
14. 0. S. Ref: 7L51 /11 /T3DA3 2,
Period of Test :6.7-52

Progress of' iso;ue o.C Report

Report No. Title

8th Fart of iukE/84O 9- 2vfDH - Measurement of distaioes for take-off and
landing and accelerate stop distances.

9 th - do - G-.IrDH - Clifab i'erformance.*
loth - do - GC.iO.H - Brief handling assessment.
11th - do - VX.229 - Handling trials at the aft C.CG. limit.
12th - do - rx. 229 - :iandling trials at the3 forwa~'rd C.G. lirnit.1

A ! ,rathon 1 serial numober VX. 229, wseont to this Ist-blis .,Cnt
for brief handling tr:i2s before ncooptrinc, by th,.*'*' for US,, IS Bk

Navigational trniner aircraft.

As part of th( rrnri of tests, the'- T prcessure, error

corrcotions ,,ere measurecd scpiratcly ris st, ti.- an,] oitot, for the first
pilots A.S. I. only-, in eo ch of' tiree, ,Lircr:i- t confik-urnti-ns at

approximately constant w~jzht. The3 ,altimetA sur e error corrections
;vere derived from~ the M,.e3Urcd ;,.S.I-. staotic ,ressur.. crror corrections.

This Report givzes cur-veus for vitot, st'itic, ,.nd c-milbincd pitot-st-tic
pressure error corrcct i-n- ,.t see lvjl luntc*fromn the mc,-sured %;,o;ues

for 32l up w.eights of 17,11/J ' lb., 1)Y20() -,t.. a~nd 1.3,3C0 11, in ench of
three aircraft confi6-rtos h ffc fettd w- cn-te o

height of 15~,00C, faot nnd thc. ve rio tln ,'rom sca level results found to

be ncgligible. Thu- su-n le:.v(l curves ,irc hu; ~ cnnsdered to be
ropplicablc for nil huights uip to 1 5,:(C) f ,Ct.

The correcti :)ns tnd ilso the ve1riatsien o)vcr the speeda rpnge;, are

la0r ge a I cced the AP. 970 rerjuirern onts of Chc-pter 7261. The oorrec t ions
ni so v -y, ircr' ft v,,cight and co)nfiguro,,tion. Bu, ring in m-iad the intended
Se rvice role of this airerreft, it is re,,cmnendod thn-t the; -. 3.1*. system be
modified to bring the pressure error corrections '-,-ithin XP.970) limits.

4'Uthough the corre;ction h.e-s not b,:un measure!d during a iminoeuvre
producinj, a yawed state of' the presatwe head, it is expoctced that this
would -:esult in large corrections, pzqrticuloarly in the ovnfi.g-urc-tion of

undercorriage down. It i3 reoommendod th.A tht; corre.ction be assessed
experirme-ntaLly if it should be decided to -wri-vet: -w- re quixcuent of AP.970,
and then retain the ".S.I. installatioii no tested on this aircrfnft.
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Thei altimeter pressure error corrections ,io for nJ.1 altitudes up to
15,000 ft. , within the AP. 970 roquirements and are such that th. 11timiter
indicates heights 2ower thr-n thc true: pressur- heights.

This Rcoxnt As~ jLss~d w!Lth the qxthovity of

ALir Commnodore
GOTnrtnding .1. &

/1. Introduction.....
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1. Introduction

1M1rathon 1 VX. 229 was sent to this Establishaent for brief handling
trials, to assess 5.ts suitribility for use by the R.A.11. as - Navigational
trainer aircraft.

A~s part of the programmew of tests, the .SI pressure error corrections
were measured separa-toly as static and pitot, for th6 first pilots 4&1 S.I. onl,,
in each of three aircraft configurations at ,.-pproximately constant weight.
The altimeter pressure error corrections were derived from the measured A'.S.I.
static pressure error corrections. This liaeport cont:.ins curve s for pitot,
static and combined pitot-static pressure =ror coarrections, an6 for the
3ltimeter pressure error corrections,

2. Condition of Aircraft

2.1 3eneral. The condition of the iircratft .':ais exactly -.s described
in the3 11th part of this 1 eroort.

2.2 A.S.I. syst,-Ia. The first r0ilotS A.S.V. -.%a-s co)nnected to a M.ark 3
DN pressure head mounted on the port undersiac, of the fuselalge nose. All
airspeceds quotled in this Report refer to this A.S.I. A venturi pitot head
Mnric 1, wa~s mounted onpcsite the !Znrk FTY4 h,!ad on the, stirboard underside
of the nose. This wsused only to- dctcr rino the pitct pressure error of
the first pilots A..I. system.. TDetzils of the- A.S.I. syst r. and pressure
heads are given in 'Fiure 1.

23Lo~.cin:7. 71:, teszts werte, -nitern 7ai.-o:t I -', 000 lb, the
maximumi pcrriis b c intfortae-- n arndino7.

Details of tho icxding r

Centr2 -:f' f~.-vity positi7,n i:;nbaato thc; rda-tum pcint and
(,ciz~ht r~a~

Inche3 ni't of p'rccntr1,;e. .Lcho ft of Porccntage

3,,0 711 .3 30.6

The dcesigr. centre. of *ravity r, snil, en:r~racdown, 1wars from 24.74
inches to 37.06 inches a-ft of th da,:t -xi point (i.eo. 1 3. , to 31.4;6 S. MC.)

3. Tests made

The static prvssure error of the first pilots A.S,I. was. measured in
level flight, near sea. level, by the !rcrid"tho-l covoring a sp'- ed rzinge
of 60 - 180 kno-ts I.!,. S. The ritot prcossur.e exrr of thd first pilots
A.S.I. V/O1S also3 mc,.sured, in sy-notric powercd flight a t a height of about
3,000 feet, covering the sarie speed range.

The tests were made after taking-off at 18,000 lb., the maxnnumn
permissible w~ight, in the three fo)l.owing oiroroft co.nf igur ations:

(i) Flaps and undercarriage up.
(i) Flops take-off' (180 don), underca-rriage up.

(ii Flaps fully dow ,n, undercarriage, dcwn.

4. Results of tests

4.1 General. The methods of Ax 6: A. ,. F. Report Res/244 were used to
evaluate the pressure error corrections aind ostimato the effect of weight
and altitude on theso correations. The: o3aiculoltd effe3ct Of altitude for height

/UP to......
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up to 15,000 ft. was found to be negligible, the result at sea level found
in this part of the Report, apply therefore to All c-ltitudes up to 15,000 ft.

Included in Report Res/244, is the scnle-altitude relation, which must
be allowed for when evaluating the equivalent airspeed from the pressure
error corrections given in this Report. When using the results of this
part of the Report with instruments that hr.ve a complete or partial corrective
michanism for the scale-altitude term, the extent of the correction applied
to the instrument must be ascertained before aTloving for the scle altitude
correction.

4.2 Static pressure error correction. The results of the st'tic pressure
error measurements are given in Fig. 2 corrected to aircraft weight of
17,100 lb., 13,300 lb., and 15,200 lb. These represent 95/0' of the maoximum
permissible weight, the mrximum permissible weight less 95)1 of the weight of
fuel and other disposable load, and a mean of the former tvo weights respectively.
The first two of the above weights, are considered the extremes likely to be
met in service.

4 .3 Pitot pressure error correction. The results of the pitot pressure
error measurements given in Figure 3, are corrected for the three aircraft
weights listed in par a. 4.2 above. The values measured for each of the three
aircraft configurations were very similar, and a mean line drawn through each
set of points, when plotted as VR knots v. P.E.C. knots, showed the three
curves to be almost identical. The pitot pressure error correction for the
three configurations has, therefore, been represented by one line for each of
the three weights.

4.4 Pressure error correction. The . pressure error correction,
obtained by combining the A.S.I. static and 2 itot pressure error corrections,
is plotted in Figure 4 for each of the aircraf1t confi umnitions and weights.

4,5 kltimeter pressure error corr,tich. The; altin-.tcr pressure error
correction curves, given in Figure 5, were-  derived from the .A.S.I. static
pressure error me.surcments, and have been cnlculated for sea level, 5, 00
feet, 10,000 fect and 15,000 feet. They are iotcd for the flaps and
undercarriage up confi our tion and the mean of the weights, 1 5,200 lb., only.

5. Discussion of rosults

5.1 Comparison w';ith results obt.ined by th . 'irm. The results obtained

with flaps and undercarriage up were co-parcd 'ith those obtained by Yessrs.
Hendley-Page (Reading) f'rom tests -ade on n 1Harathan aircraft fitted wvith
a nominally identical pressure he;ad and A.S. _. system, under similar
conditions of weight and power approjriate to level flight at relevant
conditions. The A.S.I. pressure error corrections Fiven in this 3eport, are
practically the same as those obtained by the firm.

5.2 Pitot pressure error correction. It will be noted by reference to
Figure 3, that there is a pitot error cerrection due to pitch, the correction
growing fror. zero at 50 knots I.A.S. to about + 3 knots at 180 knots I.A.S.
According to Figure 1, the pressure head is set parallel to the fusclage
datum, and would be expected other factors being ignored, to record pitot
pressure accurately at an aircraft speed much ncarcr the maximum. There is,
-therefore, little doubt that the pressure head is too close to the fuselage
and is being influenced very largely by the change of direction of the
velocity field, relevant to the fuselage nose, due to change o2 translation.1

speed and hence pitch.

5.3 i.S.I. pressure error corrections with the head .wed. ,Llthough
the effect of a manoeuvre introducing a yawed state of the head has not been
investigated experimentally on Miarathon VX. 229, it is thought thrt such
a monoeuvre nay give rise to very large pressure errors; this may be
influenced by the degree of interaction between the pitched and yawed states.

/Furthermore......
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Furthermore, it is possible tha t simil,)r ma noouvres made in the
cornfiguration of undercarriage down (where the nose wheel doors are valso
open), will give rise to even larger errors; the proximity of these doors
to the head is shown in Ficure 1.

On 1Yarothc'n 1. G-AMH, on which the orssureocrror correction wits
measured and reported in the 5th Port of this RepDort, the pitots and statics
of the twvo pitot-stntic heads, ore Mountedl eithcr side of the nosc, and
were inte reonnectod, forming a balanced sys-tem. Llthough, as in tile case of
VX.229, tests wvere not Ttadc to imeasure th(e Iprssuro- error during a manoeuvre
producing yaw, it is contended thait such a syster, will be more favourable
under these conditions of flight.

5.4 Setting of the. pressure head. The prossurc error correotions may
also be sensitive to differences in settings of the pressure head from one
aircraft to ainother, or as the result of fitting a roplacement head.

6. Conclusions and Recoagnndations

The values of p ressure error correction for :. height of 15,000
feet calculated from the sea) level, result,' show the variation with height
to be negligible. The results obtained near sea lavel, apply to all altitudee.,
up to 15,000 ft.

In steady level flight, with flaps a~nd undercarxria ge up, 3nld symmetric
engine power conditions, the A.S.I. pressure error correction at 17,100 lb.
weight, varies non-lineatrly from +9.5 knots at 9C knots I...to +6.5 knots
at 1;0C knots I.4..S. At lower weights, the2 ,.S.I. pressure error correction
is less by a bout 1 knot aLnd 2 knots att 15,200) and 13,300 lb. respectively,
and follow % the- same non-linear fnrr -as the -.urv-e for 17,100 lb.

Tho:3e co-rrecti-ons _xeX eed the P 970 rc7ouircme nts, (see note on Figure L).

The: pressure: rr. r hats not bee.n mesrc uring marrnoeuvre introDducin:,
a yawadx~ sta~te_ of the pressure head7 ; it is th.,)i~ht tha a la r- error will
result fro-m such ai m-nrqecuvre.

Th-, altime.ter pru ssuX"e crror,- oarrez'ti-n -.t th. mean weight cf 19,200 lb.,
:A sea 1evel xrza +60 fe:(t at GO knotAs .. S. , incre::sing to +75 feoCt at
180 knots LI..S. At 1 5,0CO feet it was95 feet a t 6O knAs I.A.S. , incrca sil-1
to 125 feet a t 1")C krnots I.A.S.

Th.- altimeter pre;ssuru error corecti-ns arfor all %ltitudes up to
15,000 feet, waithin tho- AF. 97:) re quirme-nts -and :-re:. such tha t the altimetur
indica.tes heights lcver tha n the, true press ur. nei)_,hts.

It is recormended tha:-

()in vijw of the intended Service raeL Df this :Arcra:ft, !7n
a~lte~rna-tive location far thte pressure head should be inve stiga ted
with the. object of reducing thu : pressure error corrections
to the limits ca lled for by AP. 970.

(b) if the 4,.S.I. pressure orror corrections as mneasured in steady
level flight aro accepted, then the correction obtained during
mvonoeuvrus introducing a- yawed stae of the pressure head,should.
be assessed experimentally for this installation.

Circulation Liit
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