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{2 _Givsy Quoon 71

Sin~le Imgined Performance

Pregented by

Te He J. Heffernan and liss D. A. Callaway
Performance Division

A. & A.E.E. Ref: AUT/2N '
Period of Test: July-Sertember 1563,

Sum: iz

Measurements of the gingle enyined w»erfornsice of the Devon C. IRz, 1 din
I.S.A. conditions have teen made at 2 nmumler of weiihts u to 8,500 1t., with
some reneats in I.S.4. +10°C conditions,; aud the results comhared with the
requirenents of B.C.A.R.'s for Grou) A and Grou: C airecr-ft. The re.uire-
ments for Grou» C zirer:ft were met com letsly ouly at 7,500 1b. in I.S.A.
conditions, but wrovided that the unlercarriage is retracted and the vroneller
o the f2ils? on dune is festhered the single cazined merformance in still vir
is not catnstro hic even at mazimum ~ei-"t. Sone “eteriorasion must be
exreched in Turbulence or ia fturns, iotioulerly if smeed is not held to the
recuired values.

This Renorts is issued with the -uthority of
’ } ’ ') ' :
P ' oy
- ‘\\\\ NS e\,
Air Commodore,
Commoudant, A. & Jdedeke
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1.  Introduction

The Dove was given a Civil Certificate of sirvorthiness for a maximum
take-off weight of 8,500 lb, before British Civil .irworthiness requirements
(B.C.AR.'s) were issued in their present form and the R.A.F. version, the
Devon C. k. 1, was cleared on the basis of this C. of A,, without 4. & A.L.E.
trials to operate at the same maximum weight. In recent years, however,
some Service operators have expressed concern at the low climb performance of
the Devon in the event of an engine failure, and the aircraft has been
restricted unofficially to a meximum weight of 8,200 1b. In June 1963
A, & AB.E, was requested to measure the climb performance of Devon WB 531
to provide data to determine vhether a reduction in maximum permitted weight
im necessary,

Preliminary results of the trial were sent to Ministr; of Aviation
(R.A.F./B.5(c)) by letter on 12th November, 1963. This part of the Report
gives the results in a more comprehensive and permanent form,

2, Condition of aircraft

WB 531 was a standard Devon C. Mk, 1 in averae external condition.
At the end of the trials the airframe hours were 1478 and the engine hours
were 65 {port) and 440 (starboard).

The limitations applicable to the Gipsy Queen 71 engines were

Boost 1b/ Cyl, temp 0il in-

KEM _8g. in. C. let °C,
Take-off and operational necessity (5 min.) 2800  +6 280 100
Climb power (1 heur) 2600 43 260 90
Mex. continuous (rich) 2400 43 250 80
" " (weak) 2400 +2 250 80

3. Scope of tests

The tests’ were based ou B.C...l.'s for Group A and Group C aircraft as
shown in the appendix, Measurement of the rate of climb at 1,000 ft. ICAN
pressure height in near I.S.A. conditions were made as follows

Test RPM Boost p.s.i. Flap U/C I.4.S. Kts. B.C.A.R. equivalent
1 2800 +6 20° Down 78 Group i 1st Segment
2 2800 +6 20° Up 78 " 2nd Segment
3 2600 +3 20° Up 78 " 3rd Segment
4 2600 +3 Up TUp 90 " final take-off climb
5 2800 +6 20° Up 82 " approach
6 2800 +6 20° Down 78 Group C balked landing
7 2400 +3 Up TUp 85 " en-route
8 2800 +6 Up Up 90

All the tests were made with one engine stopped and the propeller featiered
except Test 1, in which the propeller of the deadengine was windmilling, arnd
Test 6 in which both engines were operating.

Test 8 has no B.C.A.R. equivalent, but was included for comparison with
results obtained in the same configuration by the firm (1) and R.A.E. (2).

Most tests were made at three take-off weights, 7,500 1b., 8,000 1lb. and
8,500 1lb. /Tests
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Tests 2, 6, 7 %nd 8 were repeated at 8,000 1lb. ¢t Idris with temperatures
of about I.3.4. +10°C,

4. Results and discussion

The results are given in the Table., Those shown for ISA conditions ure
the averages of three runs, but time did not allow three runs at each configura-
tion in IgA +10°C conditions.

There are two requirements in Group C, one is for a gradient of climb
of 3,%6 in the balked landini ¢onfiguration (i.e. both engines at ‘take-»ff
power?,and the other is for a gradient of N.& in the en-route configuration
with one propeller feathered and the live engine at the rich cruise setting.
Both were met at 7,500 1b. in I.S.A. conditions but only the balked landing
requirement was met at higher weights., In Group A, only the final take-off
climb requirement of 1.2% gradient was met at 7,500 1b. However, although
the requirements were not met at other weights it was possible at 8,500 1b
in I.S.A. conditions to maintain level flight at maximum continuous (rich
pogexr with flaps up or a small rate of climb at take-off power with flaps at
20°., Thus provided that the propeller of the failed engine is feathered
and the undercarriage is retracted the performance of the aircraft is not
catastrophic in I.S.A. conditions, even at maximum weight, although it is
not up to current standards.

It should be noted, however, that the results were obtained in near
perfect conditions and there is some likelihood thut height would not be
maintained in turbulence or in turns or if speed were allowed to change
appreciably. In such circumstances it would probably be necessary t¢ use
take-off power with flaps up in order to continue the circuit cr even te
maintain level flight in the early en-route sta.es.

The results of Test 8 confirm the findings of the earlier R.A.E. tests.
The configuration was that for maximum single engined rate of climb i,e.
flaps and undercarriage up, one engine at take~cff power and the other stopped
with its propeller feathered, A climbing speed of 90 kts, I.A.S. was used
at a weight of 8,500 lb. The measured rate of climb is shown below with
earlier results from the firm and the performance calculated by ACT(1), M. of
A, '

A & A.B.E, Redeoe Firm Calculation
145 ft./min. 144 £t./min, 220 ft./min, 201 ft./min,

. The calculated value vas based on the best guaranteed sea level static
engine power of 330 b.h.p. Using the minimum guaranteed power of 315 b.h.p.
the value reduces to 160 ft./min. No opportunity occurred to check the
power during the A. & A.E.E, tests, and the power of the engines fitted to the
R.A.B. Devon is net kmown. It is possible, of course, that the aircraft used
in the firms test was "as new" but regular checks made on a Dove at the Cellege
of Aeronautics (3) sher ns marhed change in performsnce with time.

The measured rates of climb have been used to produce graphs showing the
variation in rate of climb with weight for a range of temperature in each test
configuration except Group & 1st Segment (Test 1), in which the performance was
8o poor as to warrant no further consideration, and the special case of Test 8.

Of the three B.C.A.R. cases repeated in 1.5.404+10°C canditi-ns there was g~ -d agree
ment between the measured and predicted performance in two cases, but &

difference of 30 ft./min. in the Group C en-route case, This difference was
between a small (5 ft./min.) predicted rate of climb and a numerically slightly
larger (25 ft./min.) measured rate ef descent from tne test only and may not
therefore be significant.

5. Cenclusions
Tests show that the single engined performance of the Devon C. Mk. 1 is
not up to current B.C.i.R. otaoadurds [T ne- types, as was axpected, However

I.S.A. c-nditions at the maximum weight ~f 8,500 1lb. level flight cun be main-

/tained



- -

tained at maximum continuous (rich) power with flaps up, and a small rate of
climb can be achieved at take-off power with flaps at 207, This performance
applies in still air and some deterinration must be expected in turbulence or
in turns.

Reference No, Title, etca

1 Dove 7 and 8 Crew Notes. de Havilland Division,
Hawker Siddeley nviation.

2 Sl.Be Flight Report dated 26th November, 1962.

3 College of ..eronautics, Cranfield, Routine
annual performance measure.ents by Students,
unpublished,

Circulation List

A.D.R...F. B,2
a.D. Eng. R.D.1
ieD. Eng. RoD.3
A.D.P.An

weDub DR
R.D.T.2
R.D.T.3

R.u.0. Farnborough
R.a.LHe Bedford
R.T.0. H.S.u. de Havilland Division

2 Copies 1 for ..ction
1 Copy
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APPENDIX

Extracts from British Civil Airworthiness Resuirements

SUB SECTION D2-FLIGHT

CHAPTER D2-4 PEKFORMANC.S-CLIMB

o A (Revised 16th March, 19%9)
I‘OU.E

2,2 First Segment Climb Performance (landplanes and skiplanes).
At the altitude of the Take-off surface, the gross gradient of climb in free"
air with the aeroplane in the configuration and at the power appropriate to
the start of transition to climbing flight, at T:ke-off Safety Speed V,, with
the Critical Power-unit inoperative and its propeller in the condition~it
rapidly and automatically assumes, shall be not less than:-~

0% for aeroplanes with two power-units,
0.3% for aeroplanes with three power-units,
0.3% for aeroplanes with four power-units,

NCTE: This requirement is intended to ensure that sufficient accelera-
tion is available from the Power-unit F:.ilure Point up to and including
the transition to climbing flight to ensure thet the Take-off Field
Length data is adequate."

"2.4 Second Segment Climb Perfermance. The gross gradient of climb in
free air with one power-unit inoperative, and the aeroplane in the configuration
existing at the point on the flight path where the landing gear is fully re-
tracted, with the power of the operating power-units appropriate to this point,
unless subsequently a more critical power condition exists before a gress height
of 400 feet above the Tzake-off Surface is recched, shall be not less thani-

2.4% for aeroplanes with two prmer-waits.
2.7% for aeroplanes with three power-units,
3.0% for aeroplanes with four power-units,

NOTE: A power condition more critical than that existing at the time the
landing gear is fully retracted would exist for example if water methanol
injection was discontinued prior to reaching a gross height of 400 feet."

"2,5 Third Segment Climb Performance. From a height of 400 feet to a
height of 1,500 feet above the Teke-off Surface, the Cross Performance from
which the Take-off Net Flight Path data are derived shz:ll be not less thLan
that corresnondin, to a gradient of climb or horizont.l acceleration, as appro-
priate, of:-

1.2 for serc.lanes .ith tvo pcoer-units,
1.4,0 for aero-lanes . ith three pover-units,
1.5 for aercplanes vitn four po.er-units."

"2.6 Final Tcke-off Climb., The gross gradient of climb with the aerorlane
in the en-route configuration, with one pover-unit inoperutive, at a speed of
not less than 1.25V‘MS1 and conditions of power and veight corresponding to those
which would exist on reaching a gross height of 1,500 feet when establishing the

data from which the Tuke-off Net Flight Path are derived, shall be not less than:i-

1.2% for aeroulanes with two power-units,
1.4% for aeroplanes with three )jower-units,
1.5,. for aero lares with four vower-units."

“"4,2  Approach. .t the altitude of the Landin, Surface the gross sradient
of climb with the aeronrlane in the one-power-unit-inoperative approach configur. -
tion (which shall be such that VMS does not exceed 1.1 V,, ,) but with the
landing gesr retracted, with one nger-unit inoperative ung”ghe remaining power-
units at a power not exceeling taximum Take-off roier and at a speed not greater
than 1.3 VMS1’ shall be not less than:-

[2 .15



APPENDIZ (Cont.)
-2 -
2.1 for aero .lanes with two poier-uniis,
2.3,. for .eropl.nes with thre: 10 gr-uni s,
2.4 . for woro lanes with four pover-unit.

NCYi:  See D2-8 concerning the conditions governing the choice of approach
Wing~flap Setting."

@roup C

"5,1.2, Initicl vn-loute. .t un Jlbitude jhich exceeds that of
the Tuke-off surfuace by 1,500 feet, the _ross yrodient of climb, in the condi-~
tions of air sneed, confi.ur-tion and jhower prescribel in 5.2.2., shall be not
less than

511 g%%, wherellis the rutio §§§§E at the speed and in the configuration to
3 11} !

which the re. uirement relubes, ~iith the drag term excludin, any increment of
(rag resulting from slipstream,”

"5,2  idn-Route. The following conditions apply to 5.2,2,:-

Air Speed. This may be selected by the ..pplicant, provided that
it is not less than 1.2V.,, and that it sermits the
appropricte cooling and glnuling (trim and stubility)
requirements to be met.

“ing-flans  Letracted.
Landing Gear Aeiracted
Cooling ¢ills

The cooling gills of the opner .ting power-units sh«ll be
in the positions established as suitable for the main-
tenance of power plant temverstures within the Naximum
Continuous limit.tions, when climbing in the aporopricte
Maximum ..nticipated :ir “ennsr.ture (see D2-2 6.7) &t

tne cir smeed, confi_uration, :nd enyine power agsociuted
with the climb veriormance est. blished in wccord.nce with
this re-uirerent.,

Power Oper.tive power-units oper .tin_~ dithin siaximum Continuous
limit.tions."

"5.2.2, One Pover-unit Inoperctive. The gross «nd net gradients of
climb or descent with the Critical Power-unit ino_erative shall be determined
for the ranges of conditions prescribed in D2-3., The net gradient of climb
sh.11 be obtuined by

. . s D
subtr:.cting, from the gross grs. isnt, a gradient erull to g13 —g%.
The conditions of rotation, coolin; gills, etc., of tie inoper.:tive pover-unit

shall be consistent with correct uction to remedy tie occurrence of fire in the

t

zone(s) related to th:t pover-unit having been T ken.

NOTisi: For piston-engine i werolanes this usw 1lly me:ns that the inopera-
tive power-unit is stoppuil"

"5,3.2, Balked Landingz, The :ross gra.dient of climb shull be not
less than:

%2.0 + 14 %g% in the followin’ conditions:-—

/Air



APPENZIX (Cont.)

-3 -
Air Bpeed 1.2 7

81
\iing-flaps In the maximum Landing Settin except in so far as they

may be moved in compliance with the relevant control
requirements of D2-8, 5.4.4,

Landin- gear Full extended.
Cooling Gills In the positions recommended by the Applicant for use
in the fin.l approach to a lanuing in Maximum Antici-

pated .ir Temperature Conditions,

Power A1l power-~units opersting within Maximum Take-off
limitations,

NOTs: In somecases, the ..pplicant may prefer to show c-mplisgnce at a
reduced pover."
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