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Suwrmery

Flight tests have bsen niade to assess the effect of changes in humidity
on the engine power, rucl i'low and take-off performanee of a Mostings 1.
The investigation also cnabled the ofifcet of changes in air tempecraturce to
be deduced,

It has been established that engine power decreases with inarcasing
humidity and that the reduction 1s preatest ot take—off engirne epced and boost,
Indeperdent meteorologlcal information suggests that the specific hunddity
will rarely excecd 24%, The investigotion has showm {hat this degroc of
hunid:ty causes a reduction in take-off power of approximately 105 eompared
with operation in completely dry air at the seme temperoture.  Thwo thirds
of thir reduction sre asccounted for by wvhe displacement of dry air ard the
effectave richening of the mixburc; the remaindcr is attraibuted to the cffcot
of humidity on the comhustion proccss,

Por 2%, hunidity the increasc in take-off distance to clear a 50 £,
screen is caleulated to be 170

Tor the specification of take~off conlitions, humdity is ¢ peramcter of
the same arder of importmnce as teaperature,

L constant humidity the rate of doaorease of power with increase of
temperature is not sipgnaficantly differert from the valuce given by the stamdard
formmls belov full throttlc height,

Ho cffect of humidity on fucl consumpition has boen detecteds, The rato
of doercase of fucl consumption with incrcase of temperaturc is consistent
with the assumption of constant indicabed specafic consumption excopt ot
talke~of f reting, when the deorcase is greator than that corresponding to
this assumption.
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1e Introduction

During a meeting in 1947 srranged by the International Civil Aviation
Organisation? » attention was draiwm to the lack of information on the effect
of atmospheric humidity on engine power and the consequent cffect on take~off
performance, The onc wmodern flight investigzad:ion"2 on this subject, together
with a report of the poor take-off performance of o Hastings aircraft under
humid conditions?, iniicated that the offect was of sufficient magnitude to
be of importance in asscssing the pormissible take-off seight of airaraft.

To obtain quantitative inforaation on the effeets of humidity, flight
tests have beon mode on a Hostings ajrcraft in verious climatic conditions,

2 Legerintion of aireraft

21 General. The tests were made on a production Hastings »l, 1,
number 7,503, fitted with cranked exhaust tail pipes (Mod. No, P336),
air supply for both filtered and ram alr was taken from the leading edgs
entries,

The

Teke-of f weight was 72,500 1b, and tako=off flap setting 20°, Undercerriage
and flaps were left dowm for the take-off climb,  Teke-off tests were made
with the cooling gills one third open and with filterced air; other tests with
g1lls closed and ram air, All the tcsts werce uade with the superchargers in
M. poar,

2.2 TEngire details and limitations, The aircraft hed four Heroules 104
engines with Hobson R.A.E, injector carburettors, The port inner was changed
in the course of the tests, Engine and injecter munbers are given below,

Port Inmor Sthd. 3tbd,
Port OQuber [ Firgt Second Inner Quteyx
Engine | donufacturer's | H 137003 | H 13704LIH 137082] H 137103 | H 137025
Number | Al A L56079 | A HO60LAIA 5973061 A LOL152 1 A 195887
Injector Type BH 5/1 BH 5/1 BH 5/1 P15/ I BHS
| Injector lumber 5956k DI 11L2iDIN A9 2 6667h [ 2 5972h

The ongine limitations at the timo of the tosts were as follows:=

Engine Spoed Boost
Rating R, Pl 1b/sq, in,
Take=off (5 min, limit) 2800 +8%
Climb 2400 +6
Continuous Cruise (Veak mixture) | 2400 +2’%‘

2.3 Propeller details, PFully feathering De Havilland metal propellers
(Blade typc XEB L1974) wore fitted, The propeller numbers were i~

Part Outer | LA L8530
Port Inrer | 44 LB511
Stbds, Inner | LA L8554
Sthd. Cuter | LA LB557

/20l
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2,4 Instrumentation. The instruments were divided into two groups,
Those whose readings were required at shert intervals throughout each test
were mounted in an automatic observer and photographed; the remaining instruments
werce reasd visually by two obscrvers.

2.4,1 The following instruments wore fitted in the automatic
obSCTVeTr tw

L pressure gauges from Bristol oil-opcrated torque dynamometers
(moasuring the targuc of each engine)

4 charge temperature thermometers (commected to ratiometer bulbs in the
induction elbow of cach engine)

L air intske temperature thermometers (conmccted to ratiometer bulbs in
the intake duct of cach cngins)

1 airspced indicator

1 altimeter ik, 140

1 clock

2.4,2 The following instruments were rced visually:-

4 engine speed indicators

L boost gayges

k Kent-type flowmeters

4 fuel temperature thormometers (connected to ratiometer bulbs at the
flowmeter inlct of cach engine)

L gill position indicators

1 airspeed indicator

1 altimeter Mk, 140

1 tiet, Office airaraft elcetrical paychromoter Mk 1 (measuring wet amd
dry buld toemperatures)

1 balanccd bridge thermometer, iiet, Office type 2~2 with an A& AE.E.
type element (measuring dry bulb tempcrature%rp

1 meroury capillary air thormometer 1k, 2 (measuring dry bulb temperaturc)

The thermemeter cloments were mounted under the Puselage roughly in line
with the wing leading cdge, Three air temperature thermomcters wwere used to
obtain an acouratec assessment of the avbient temperature and to enstle a
defective instrument to be identified. The wet bulb temperaturc was checked
sgainst indeperdent meteorological obscrvations whensver possiblo.

2el4y3 Take~off distances were mcasurcd using the thread sys’ceml*-

Grourd level mcasurements of wot and dry buld temperatures were taken on a
whirling psychrometer,

e Scope of teosts

3.1 The test programme was planncd to cover two types of test,

(a) lMeasurcment of take-off distance and power, and rate of climb
+ immediately after take-off, .

(b) HMeasurement of powor and fucl consumpbion of the immsr ongings with
the airaraft flying at constant pressure height, using the outer
cngincs to mainbain a fixed indicated air specd.

3+2 The originel intention was to comparc the results of these tests made
at Khartoum (Anglo-Egyption Sudan) in a hot ard dry climate and at Bahrein
Islond (Persion Guif) in a humid climate with similer temperaturcs, Beocausc
atmosphoric humidity docs in genoral docarease with increasing altitude, the
height st which thc tests under (b) were to be made was the lowest height at
which level spoed tests were possible at both places, This was an I.C.A.N.
pressure height of 2,000 £t, It bocamws clear at an carly stage in the tests
that somc modification of this programme would be mecessary because at Khartouwm

/the mmidity..
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the humidity was higher than had been anticipated. In addition the humidity
gradientd above the Persian Gulf was so great that at 2,000 £t, the humidity
was lecss at Bahrein Island than at Khartoum, Consequently level £1light tests
were mede in high humidity at a pressurc height of 700 ft, over the Persian Gulf
end at a third site, Habbaniya (Iraq), where the lower altitude tests could

be repecated in low humidity.

The measurcments of power on test takee~offs werc augmented by obsorvation
made whon teking off for transit flights.

33 An impoartant aspcct of the programme was the planning of the tests
to show up any systcmatic chenges in engine performance which might ocour and
thereby mask comparatively small changes with humadity,  This was achiewved by
including several chook tests under conditions in which the only veriable to
have changed by an sprreciable amount was time,  For this reason, and to
egtablish the effeot of temporature changes, tests were made in England both
before ard after the ovorscas frials, These tests also provided data at
intermediate humidities,

L ilethod of analysis of rcsults

L.t Gcneral, 211 the instrument reesdings have been corrcoted for
instrument crror,

h,2 Adr temporature and humidity, It was assuncd that for each
thormome ter the relation between the indicated and actual temperaturces was

of the form
2
v
T' - ——b——y
3 Ta + 1«:(100)
where T3 = indicated temporature (%K)
T~ = actual temperature (9K)
v = trwe airspced (mepehs )

k is a constant which was fourd experimentally for cach thermometer
installation,

It can bc shown that cngine power is a function of absolute, and not ¢
rolative, humidity, Frog the scveral parsmcters uscd to define humidity
the spocific humadity (or "moisturc content®) has been chosen as suiteblc.
Tt is defined as the ratio by weight of water vapour to damp air in a particular
volume of damp afr and the percoentage value calculated from the formula

q = B35y q00
2, 6455 B o 1
c

where ¢ specific hunidity,
P total atmospheric pressure
and € = waler vapour pressure,
e 1s a function’ of the wet and dry bulb temperatures.

It 1

4.3 Power vardation. Measurements of the take-off power of all engires
were cbtalned during take-offs from the various airfields wvigited, The power
of the two inner englnes was also reasured in level flight at 240 mepsh. AS, L
at the two nominal I.C,A.N, pressurce heights of 700 f£t, and 2,000 £t, for each
of the threc limiting engire conditions listed in parss 2, 2. Smatl devirations
from the nominal wvalues of cngirne speed and hoost pressurc ocourred because the
maximum boost and engine speed settings varied slightly from engine to englre
and because precisc repetition of cngine control settings was not =2lways
possible within a fairly short time, Changes in ajrfield height caused small
changes in enginc power and, in lewvel flight at the low altitudes at which marny
of the tests werc made, it was not always possible to maintain the exact
pressure height specified,

/Bceausce
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Because these deviations could have systonatic effects the usasured
povers have been edjusted to tle wvalues corresponding to the mcan engine spced,
boost and pressure height for cach cngine in cach condition, lican values
were chosen so as to minimise the corrcetions, The corrections were obtained
from bench tests by the Bristol Acroplanc Company on this type of engine,
Corrcctions involved werc small; threc observations were ad-justed by 2%
of the brake harsc power, most by lcss than 1%

The power variation of ench engine with temperature and humidity is
assumed to be represented by an equation of the form

P = a + bt E Gq o-c..;u‘on-l(1)

pir temperature (°C)
q = specific humidity (%),
P = enginc power at (t,q),
2, b and ¢ are constant cocfficients
and the best values of a, b and ¢ have been found in each ease by the method
of least squaros.

where t

o n

A typical set of results (measuremonts mede on thc starboard ocuter engine
at take-off) has been examined by fitting the best quadrstic relation by the
method of least squarcs., There is no significant reduction in the scatter
of the experimental points and the accuracy of the test results doos not appear
to Justify the asswnption that engine power 1s dependent on powers of femperaturc
end humidity higher than the fireat,

The mesn fractional rates of change of power L. 2B and 1 %P, where
By ot B %q
PI&I is the engine power at the mean temperature and humidity of the tests, follow
since

3B 3B
a_bandaq_c,

The best® combined estimate for each group of results at a particular
power setting is the nean with the separate values weighted in proportion to
the reciprocals of their wveriences,

Tt is convenient for the discussion of the final rates of variation to
quote them in terms of P, , the .can power at zero humidity end the meen test
tempersture., The mean values of 1 SF ard 1 _ 8P have therefare been

B, dt P, 04
obtained from tho sbove derivatives by wultiplying the factor
L g !
P 1 3P
o 1 o == x
By oa o

where ¢, is the mean humidity of thc tests,

oy, Yariation of takc=off distances, For convenience in analysis, the
take-off @istance from the start of the run to a height of 50 ft. zbove the
unstick point has becn divided into three parts, Thesc parts are

1s Ground run mcasurcd from start to unstick, The unstick speed for
the aireraft as tested is approximately 115 mepele

24 Transition distance measured from the end of the ground run to the
point at which the aireraft begins to climb awsy from the rurnway.

3 Climbing distanecc, which is the horizental distancc travelled whilst
climbing to 50 f't. abowe the unstick point at a constant speed
(140 mp. he E.A.8, ),

The three parts arc treated scparately.
/el
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Loh,1 Cround run, The measured values of the ground run are for
the same reasons as given in para,k.3 subject to veriations in addition to
those ceused by temperature and humidity, The corrections neccssary to
eliminate these variations have been applicd by using the rclation given in
Appendix T (equation (7)),

Corrections have also been apolicd usang a standard9 method to gave the
results appropriatc to zero headwind and zero runway gradicnt, No allowance has
been made for the effcot of the diffcrence in rumray surfaces or for the change
of an engine (sse para, 6,4),

The effect of small variations in unstick speed has been eliminated by
uzing the meagured distance to 115 myp.h, E.A S,

W moy assume that the ground run is linearly related to temperature and
humidity

i.e, SG’ = 4 + ¢t + fq oococlocoooo(Z)
where S, = ground run at (t,a)a

The best values of the three constants &, ¢ and f consistent with the
experimental results have been calculated by the method of least squares and
the values of 4 35z and 4 38: obtained,.

Sge ¢t 'é,'(';‘; 8g

Bgo is the ground run at the mean temperature and humidity of the tests,

beho2 Treansition distance, The apparatus used for measuring
take-of f distances generally ceased to function befare the ¢lisdb was begun
go that no accurate measwre of the transition distance and 1ts variation has
been obtained, Probeble valuss of the rate of verlation arce obteined below

(peras bk ).

haliv3 Climbing distance. The cliudbing distance has been investigated
irdirectly by measuring the rate of climb immediately after tseke-off, The mean
true reate of climb was obtained from aliimeter readangs taken at 10 sec,
intervals during a climb through 1,500 £t, Corrections have been made on the
basis of equation (10) of Appendix I to give the rate of climb appropriate to
a mean I.C.A N, pressure height of 1,250 Ft, and the mean values of engine
speed and boost,

The statistically best coefficients of an assumed linear relation between
rate of olimb, temperature and humididy have been calculated, It is shown in
Apvendix I Section B that the variation of the climbing distancs con be
expressed in teras of the variation of rate of climb,

L,5 Vaoriation of fuel econsumption. Fuel consumption was measured on
the inner engines during the level flight tests, Each value gquoted in the
report 1s the mean of at least five observations, Ieasured volumetric rates
of flow have been comverted to mass flow, on which the engire bechaviour depernds,
using the following stardard A,& AJRE,E. expression for the specific gravity of
the fuel.

8.G, = 0, 7421 = 0,00097 x (fuel temperature °C)

Tho suitability of thzs relatzon was confirmed by meking several measurements of
the temperature-density relation for the fuel used.

Fuel consummtions have been corrected to the appropriate mean values of
boost, engine speed and height assuming the indicated specific fuel consumption
to remain constant for the =mecall changes of power involved,

/It is..
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It zs showmn below that fuel consumption is not dependent on humidity., The
results on eech engine at each height have beon analysed by the rmethod of least
squeres to give the constants g ard h in the linear relatior

Q = g + ht
where Q = mass fuel consumption at temperature +.

tiean values of 1 d9 have been obtained. Q, is the fuel consumption
Q, dt
at the mean temporature of the tests,

Hs Results

541 General. The test results are tabulated at tho end of the report,
For the tale-off tests, where the largest of the corrcetions described in
pere.l are applicd, the results are quoted both before ard after correction,
Corrceted valuces only arc given for the lovel flight tests.

5.2 Deterioration check, The change of one engine in the middle of the
tests makes it dmpossible to obtain conclusive deterioration checks on this
engine and its replacement, Furthermore, power was measured on all the
engines,but fuel flow on the irmer engines only, so that only ore engine (the
starboard imner) can be exsmined for consistency of fucl flow, The checks
made show no ovadence of deterioration, The behaviowr of all the engines is
sliilar in the final analysis and all the results have thercfore been included,
Details of the detericrsation checks are given below,

5¢2+1 Check on power, Power measurements at takew~off provide the
best checks far a1l but the port inner engines, A typical set of observation
is shown in Pig, 24 the other engines give similar results, In this ard other
figures open and solid symbols of the same shape correspond to tests made on
first and second visits to a particular airfield, Comporison of thesge results
shows that the ariginal snd ropeated measuremcnts sre in good agreement.
Additional checks can be made for th. starbosrd inner cnginc from the level
flight results, comparing tests at 700 £t, at Bahrcin before and af'ter visiting
Hebbaniya (Fig.1) ard at 2,000 f£t, at Boscambe Down at the boginning and emd
of the programme, There 15 no check on the first port inmer; a partaal
check for the sccomd port immer is the comparison of the take-off powers for
the two visaits to Habbaniya.

5.2,2 Check on fuel consumption., Checks for consistency of fuel
consumption were obtained for the starbosrd inner engine from the level flight
togts, At 2,000 ft. tests werc made at Boscombe Down at the beginning and
erd of the testg; at 700 £+, *teests were made st Bahrein both befars and after
vigsiting Habbaniya, Compariszon of these results shows a good consistency.
Figss3 and 4 sxc typical illustrations of the results obtained,

5.3 Engire power, Two of the sets of power measurements ere illustrabed
in Fig.1 and Fig,2 with their calculated best fitting lines, No significant
difference has been measured between the derivatives for different engines and
different heights end the figures illustrate typicel results, The analysis
1s surmarised in Table 6. The best estimates and 95% limits of acouracy of
the rates of variation of power are given below as proportions of the power P,
ot the mean temperature (284°) and zero humidity for each engine oqrdatiom.

/Table
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Power 1 _a__g 1 __a_"P‘
Condition B, 3 P, Fg
Taleemoff -0, 00221  +0, 00066 ~0,0391  +0,0069
ClLimb -0, 00246 +0, 00086 =0, 0297 +0, 021 8
Meximum

Conbiruous ~0,00248 +0, 00082 -0, 0184 +0.0236
Cruigo

The rclationships between the reduction in brake horse power and the
specific huwudity, together wath the experamental limite of acewracy, are
shown by the full lines in Fig. 7.

5. Teke-off distance

S5¢Let Cround run, The experimental results are illustrated in
Fig.5.  The best values of the mbes of chonge of the ground run and their 95%
limits of accuracy are

38
e e 2 40,0073  +0,00867
Sg, 9% -

3%
e 228 L 40,1203 +0.1425
SG, 94 -

Selw 2 Tokewof{ rate of clinmb. The oxperimental rates of climb
arc 1llustrated in Fig, 6. The best cstlastes of the variation of rate of
clamb and their 9%% limits of acouracy arc

3V, -
4 2YC _ _0,0056L +0.0143L
Vo, 9t -

1 2 Vg

+0,0121 40,1386
Vo, 9g -

0

Tt will be seen that the randon variation of ground run amd rate of climb
overwhelm any systoratic effechts of tenperature and humidaty,

he 5 Fuel consumbtion. Tro sets of toat results arce illustrated in Figs, 3
and ks  The scatber of the observations is typreal of the rasults from the
vorious engincs ard corditions, and there is no indication of any systematie
varistion of fucl consumption with humidity., The several values of the
cocfficient 1 dQ and thexr 95% lumits of accuracy sre given in Table 7,

Qo dt

e Discussion

6s1 Practical rance of humidity. Because the sources of waber vapour are
at the esrth's surface amd because the capacity of air for water vapour decreases
with decreasing temperature, the specilic hunidity of tne abmosphore gencrally
decrengcs raprdly with inercasing hcoaght. At normel cruising altitudes humidity
is sc low that any effcets on the sarcraft are negligible; thus it is necescary
to consider only surface conditicons.

On the basis of informatior (Appendixz III) supplied by the lieteorological
Office it appesrs that the specific humidity of the atmosphere will wvery rarely
excesd 2-%5’3. The upper limit to the change in humidity when moving at any
timo from any onc place to any other on the earth's surface can therefare be
teaken as 2.—2%. Thig cstimate 18 conservative since the humidity will rarely,
if ever, be zero, Moan humiditics and starderd deviations vary considerably

/from place..
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from plaece to plase and fron time to time®,  In the Litish Isles, for

. . i 7 !
exampie, the humadity Ls usually in the range —4*;’?3 to 14%, so thet mcn moving
fr;om. the Brivash Isles the incresce za humadity will rarcly be more than
2%,

6,2 Varaistion of pover tuth humidivy at constart temrersiure

£.2.1 It may te scen from Pip,7 that ihe decreasc of nouzse is
greatest ot the take-of ! rating, The weasurcd deorcase of clisbing powor,
although smallery iz st1ll significant; the decrease in cruising pocr has nob
been ostablished as sigmficently differcnt 'rom zero, The discussion which
follows 18 restricted to the measured changes in takeeoff power sinee humidity
etfeote are of most importince for this rating,

6. 2,2 TFor the maximum humidity grven sbove, the reduction in takeeoff
power is 2, 8% £1.9% of the power in dry air. The difference between the
humidity of the British Tsles and the world wide marximum could causc a power
veduction of 8,8% +1.6% A power roduction of B, 8% corresponds to o temperature
rise of LOOC below full throttle height,so that it is possible for humidity
changes to be equal in importance with changes in temperaturc. It must
hovever be cmphasized that large chenges in humidity arc cncounbercd much lcss
frequently than large changes in temperturc, High valucs of sbaolutc humidity
ocour only in the lover lovels of the atwosphere, in sreas of comperstively
smell cxtent and an cortain scasons of the vear (Figs.9 amd 10) whercas high
temperaturcs exzst for long poricds over wide areas.

6s2.3 Considoring conditions with the British Isles, the hunidity
variation (pere,6.1) will cause variations in take-off power of up to cpproximete.y
5% &b a given temnerature, This maximu power variation would be caused by a
temperature change of 239C ard since the actual temperature range is of tnis
order corrections for humidity and tomperatrre arc of the sane order of
mportance,

6o 2el The experimentel recults gave only a measure of the ovorall
reductlon an power for the type of cnpime tested. Ve ney asscss tho generality
of' the results by considering separately some of the effects which would be
expected, PFirst, the prosence of water vapour recessitates the displacoront
of dry air end indicafted horsc powor depcnds on the dry sar consumplilon.
¥hen dry air consumpbion is the only varisble, indicatcd power is dircetly
proportional to dry air pressurc, Consequently power would be cxpected to
be less in humid air than in dry air by the same proportion for any rccizrocating
CIring, Tre loss in power 1s gercrally referred to as tne dasplacement loss.
Sccondly, for the particular carburesiion cystem tested, the fuel flow has becn
shown (pera. . 5) to be unaffectad by changes in humidity. Henece ac huweidity
inarezses and the proportion of dry amr £n the total flew to the cnzine decreascs,
sa the dry~aar/fuel ratic dearcascs,  Then aar/fusl retic s the only varichble
the offeect of = chenge 1n air/fucl ratio depends on the <hspe of and operating
point on the consumption leoop for the engine.  Richening of the mixture caouses
o power logs when running at a raicher and an increase at a weaker mixfture than
that for maszmum power, The ragnitude of +the power change due to this richening
effcet may be expected to vary for dufforent engine typce and carbvuration systomss

The marmitudes of these two cffects on the engines tested are discusged in
Appendix IT end compared with the mear experimental velucs in Fige7 and in the
followving table, It wall be neen that the measured effect is only partly
accounted for in this way; the difference 1s given in the final cclumn of the
Bable,

/Table
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i l .
Power ( 1 AE ) A
Condition o 284
Bxcerimental | Displacement ;| Richening | Residual

N5l = Of £ -2, 91 ~2,10 -0, 5 -y 30

Wax. Climb } -4 96 -2 01 (s 28 -0, 67
{ Maximum E
, Continucus : -1, 83 ~2407 +0¢ 36 -0, 12
_Uruise ¢ i

Only ab take=off pover 15 the regidual loss significantly different [rom
zero {sec Fige7)s In this case it nmounts to 505% of the sum of the displaccmont
and richening lossos, iMmis addaitional lone has been observed in previous tesgts?
and ascoribed to a decrease in thermal efficicncy caused by lhc presence of water
vapour durlng the corbustion proccus, Such a loss would be expccted to very
1ith air/fuel ralic but the cvidenee obteincd on this variation is not significant,
It is aleo probable that the residunl lJoso would very for daffcrent engines {and
possibly Tor different installalions) bocausc of the different pressures and
temperatures within the engines,

at comntont humidily. The mean
not sirgnificontly differcnt from
formula for an ongine oporating

603 Voristion of pover with tcuperature
rates of change of powsr with temperaturc src
the wvalue of =0,00257 gaven by the standard 0
bolow full throttls height

j.- ......_E - ,..n...j..g’..j......... o.co.o---a--(f})
P at OO + %

O
ot the Lemperabure 28% Ca

Gl Verwiotion of talowoff disteance. The limcts of acouracy of the
rwasuretionts of ground run and tuke—coff rate of climb are very widc. It is
a comaon cxpericnee to find thal take-olf distances and specds arc subject
to lar~e rasiom veriations, particulsrly in the tropics where high temperaturcs
often produce disturbed cond.tions at end noer grouwrd level. In exarcrning
the results, no allowance has been made foar the change of an cngine or for the
verliabilaty of the runwey cocfflficicrt of friclion. The effect of tho farst
Pacter 18 maell (0,48 deerease ir tot-l pover } and insufficicnt dato is
av.ilsble to malke acourate allowance for the second,  Sraef descriptions of
the runwey surfaccs arce given in Table 9

Beoause of ths wide limits of the direct reasurements the rates of change
of take~off dlstance with temmcrature and humidity have also been derived
1ndircelly from the wcasurcd chenges of tole-off power using the relabions
dodueccd in Aoperaix Lo The derived valucs orce oiven below, The Llimits
roprosent the 95% 2imits of accuracy of the neasurcd power changcs.

oLoas 128

. S5, 2t : S a4
Coound Tun ! +0, 00R29 40, 00083 i +0, G594 +0, 0087
Trengd tron dighanee 10, 00845 40, 0009L I +0, 0652 +0, 0098
Clinbine distonc +0, 00802 +0, 0015, +0, 0967  +0, 0161

These valucs do aot differ swgnafdecantly from the experiventel rosults and
probably give W bter colimatcs of the neen ratos of change.  Accepting those
vaines and taking a tywical test loke~off as hoaving ground run, transition

/d1stance, .
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dzstancs ond climbing distarce in the nru"oox‘uior\sx 3 6 :1, the total increase of
toko-olf 41 "tarc.e to clear 50 ft, would Lo 16,6% +2,5% os the mmidity rosec
Prom tero te 2,5%, The increcse an distance vartes but littic with variation
o the oroporfions of the throg partu of the tako-off; tre mare ususl
neoportions 2:111 would lead to an incresse 17.55 327 .

'

Y

.’

An increase in tomperaturce by 15°C would increasc the tale=off distence
by a further 12, L,-.) +1,+,3,

The full iines dravn in Pig, 5 and Fig, 6 arc {itted shout ithe .wan
cxrerimental valucs at tac aenn slopes deouced from the power changes. The
brokoen lines indicsto saturatloan al cach particlar temperabturc,  Thco Tact
that sore points 1lie bevond thns line wans no more thon that the scattor of
distonce end rate of elimb meosuroments iz large,

G5 VYariabion of fucl consLrintion, Under the conditions of conctent
boost, pressure height sna ensine spcod in winch fucl consampbion was neagvred,
the fuel flow delivered by Lhe liobson = RJAJE. injectors would not be cxprceted
to vary with humidity, Neo wariabion has beon detecoted,

F]

The carburstion systea ls desircned to meintein a congfant iidiceted
speoific consumopticn, The fuel conswiption should therefore vury according
to the relotion

1 920 4 QP
G 0t T HEPew-s/cHP at
vhere THP = indaecated horse power,

#/c FP = sugercharger horsc power
and 1t 18 agsumnd thal ofc TP 4 TP,

sipg the powrs bdoulated an Asperdix 1T, Scetion 4, the decien voriwozon

ot i‘ue4. constupbion for the e wmurced power cnomrts Lave becen Co _Lcul ted wrd
ace  compared W”ltl'\ the emperimental volass wn tho folloming tubic

v 1. 26

poTows T ok

| Condition Desgion Dxporamenbol

"

Talie=0ff -0, 00185 +0. 00056 -0,00578  +0. 00026
O b ~0, 00213 +0, COOT7L -0, 00306 +0. 0005k
Joorinarn

Continuouc ~0, 00203 +C, 00069 -0, 00240 40, U060
Criise

The two values sre significortly diffcrent only at lcxe=off nngine spsed

ol boust, vhon the exporimentdal wvoracbaon 1s nunerresdly the lerpger.

¥t moy be noted that th, standor 10 porman for o teomerature comensated
cexrburettor of constant hoost,

R .
Q dt 4o+ v 7
, - o . . sas
gives the valuc =~0,00234 ¢t }; Ca Numerically, this 1o significantly emallex
than the exporinental wvalucs m: bosh toke~off ard colixb ratings, but not

>
slgnificuntly difforent fmm tle oxperimental value in the cruisc condation,
for which It is mainly used,

ety

SThe fropsition distance, defined in pariedsd, is long beeruse tbe clicbing
soced chosen (140 111,"9,,‘:1,5 18 nzop camared with the unsbick speed (115 maps e Do
The proncrtions arc based on a smoldl mudher of approxinave measuremonts of
transition dictance.,
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7+ Conclusions

7«1 It has been esbablished that trake horse power deoressss with
incressing humidaty and that the greatest fractional rete of decrease is
at take-off power. As the specific humidity increases at constant temperature
from zoro to the naximun probable velue of 2%, the take~off power of the
engines tested dearcases by spproximatcly 10%. This reduction is spproximabcly
50% groater than the cum of the displaccment and richening losscs,

72 The rote of decrease of cruising nower with increasing humidity at
congtant temperature has not becn established as significantly difflerent from
blehale 8 Any decrsase would gencrally be unimportant sinoe humldity is low at
normal cruising altlitudes,

7¢3 For L5 mumidity, the increasc in toko-off distance to clear a
50 ft. sercen correspoiding to the mcosurced dearease in power is approxinately
17% st constent tommoraburc,

7.4 The rate of change of power wath tempmerature alone is not significantly
dirferent from the standard vealus,

7.5 Toth the extroeme range of humidity ond the variations within the
British Tslos are sufficiently large for the effcctz on take-ofl power and
performance to be as lmportant as the effects expected from changes in
temperature,

7.6 1o effcct of humidity on fucl consusrption hos been observeds At
constont humidity the rcasured cffect of temporsture on fuel consumption nuy
be represcnted by Lhe design cordition of constant imdicoted specific fued
consumiption cxcept at take-olf power, when the rate of dearcase would bo
undere stinested,

/Reforence s
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ATTDL. T

V-riation of take-off digtance with power and air density

A Toku-of f daistance from start to climb-away

o find the variation of tokew-off distance wirth air density and engine

power we may assume that the acceleration is sonstant during tole-off,
spproximation can be made for both the distance up to unstick and the distance
hotween the unstick point and the start of the climb away.

hag different values for the two stazes,

Thags, ossune

8 o e

oA
where 8 = distrneg,
7 = reletive density of alr
and £ = cccelerailod.
Then = & o da. _ TR ©)
3 do7 7™ a  dy-
Mow a = L - D
W
vhere T = me.n thrust,
b= mean drog
and = pprernft weight.
Henoe 77 4= _ R il cevssinaas(2)
o oy T-0 T 4
Tiuk Wy = mP /-
where V, = swon cquivalent sdrspeed (asswcd conctart),
v = akrscrew clfficlency
and P = cnglnoe power,
S et _ogn 4, oo daP 4 ).
T dor M o F 3 2
Sance ¢ 18 a functrion of the alrscorew paramcters QP and J ,
an . 2 oo 2oL oo L ()

_j i
n )

n p Cn 477 o T oam

From the dofinitions of Cp and J ,

)R- nd: )
Cp d ~ P dv
N lll.il.l.l(5)
and q%"géf = % at constant V.

/Combining., .

This

The acceleration
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Combining equaticns (1) to (5},

o '+ C
o & . _1+,1_(1(£m..1\, Rz, e\ | (8
S do P-D {Lz (m aJ m p P 4T 1 3Cp

Substituting the appropriate numerical values (Table 8) in equation (6)
and expressing 7 1n terms of pressure p, temperature t and percentage
specific humidity g, we huve for the ground run 8 betweon start and
unatick

&g dn at dg | ar
SG = ‘1.66 [ D - T + 273 - .161“55J —1026 """é' -c-o-o--uo(7)

and for the transibtion distance ST between unstick and the start of the
climb

S I-d dt 3 |
— = 1, £ . — a. -1,
5o 60 IL p T 773 8. 55 o2

= cerrernses(8)

B. Eatc of climb and climbing distance

Por clambs at constant equivalent airspeed and weight, we have

v T =D
C o= /=
I
wheru VC = ratc of climb,
o™ = wmean air density during climb

and T and D are the mean thrust and drasg during the clamb.

By a similar method to that used in Section A above, 1t can be shown that

—

v, ; — \
c¥ _|1p L (a1 +__T._{»;+Eliﬁn_<¢._£ (9)
Ty 4% 2 T-D T-D L aCp 21 ad T-D n oCp) P avr

For the oiroraft tested, this equation becomas
d.VG i ]
——rnzra - Q'E. — __C.L.E......... — d‘ EJ.:E- .c...-.s..(10)
T 0‘56[ > T %+ 75 T Tohss | UM F

The distance S~ covered in olimbing through a fixed height interval
at a fixcd equ1Valeng sirspeed varies according to the relation

dSp a 1t d dP
H3 ——cp— = - .86 -—-9 —— L — — —2.7 ——— PO 11
anco 5 0 2 T T 34 5 (11)

/bependix 1T



APPENDIX IT

Celculation of component effects of humiditvy on eagine power

A, Disvlacement loss

Indicated horse power 1s proportional to dry air consumption if humidlty
alone is verying, dry-air/fuel ratio and thermal efficiency being assuued
constant,

e, GIE) o
EHPO P
where e = water wvapour pressure

b total atmospheric preszure

and IHPO = indicated horse power in dry air.

a(BHP) ¢ IHP,

LeCo  rmdral,

BHP, P EHP,

— 2. %‘55 I.‘HPO
161; b5 + 4 BT,

i

2]

where q = specific humidity (per cent)

The 1mean ratio of indicated herse power to brake horse power for the
cngines tested 18 calculated as in the following table, Pumping losses are
neglactod,

Super- |  EP
Rating BHP Priction | charger for THP I{{E’O/BHPO
© ity &P Accegsorics

Tolo=of T 1185 230 227 22 196k | 1,322
2o, Climb 1239 170 137 22 1568 1, 267
Max. Continuous

Cruive 59k 1 170 103 ] 22 12951 1.305

{ (Veel imxture) i i

The change an brake horsc power can now be calculabed for any valuc of
humidity. Soemec results arc given below,

The practzeal range of humidity 1s so small that the rclation between
power cnd humidity may be token as linsar,

! % Decrease in BHP
Rating q=1% 19=2% [g=3%
Trake=of £ b2, 11 Ly 21 6, 27
Max. Climb | D4 02 l L, 03 Gy 00
f Jnxe Comtinuous Cruise 2,08 be 15 ES. 19

Ea Eifcet of varintion in mixture strength

The retio by weight of dry air to fusl is reduced by the factor (1 —

—
. . i . 100
T 4 the specific humidity is of.

/The air/fuel..



Appendix II
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The air/fuvel ratio can be obtained from the measwred values of power
ard. fuel consmuwption by calculating fivst the irdicated specific fuel
gonsunpbion, The consumption loop for the engine type then gives darectly
the effect on THP of a change in air/fuel ratio.

Some valucs for the cngines tested are given below,  The change in
power is expressed in terms of the BHP at zero humidity as in Scetion A
8hova,

% Change in BEP
Rating g = 1% = 2% |4 = 3%
Take=off -0, 21 ~1,03 | =1, 0l
Hax, Cliumb ~0,28 | ~0p57 | ~0,85
Yax, Contirmous Cruisc | +0,36 +0, 72 +14 08

Ce Iffceot on suporchargor

Changes in total mass flow of air, water vapour and fucl through the
engine and changes in density and specific heat of this maxture will cousc
ga0ll changes in supercharger performance and the driving power reguired.
These effects are small and have been rneglected in the analysis.

/Appendix III
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Notes on the distritution avd verintion of atmospheric hmidity

Two charts showing the distribution of the average specific mmidity
(or moisture content) of +he atmosphsre in om, at mean sea level betwesn
LOPH ard 49°8 for Jamary (F1g.9) and July (Fig.10) are reproduced in this
repawd,.  High specific humidity is rnecessarily assoeiated with hiph
terperature (Pig,8) so that the highest valugs ocour at the surface in hot
Olima.‘tes.

Figures 9 and 10 have becn construched from charts of average vapour
pressure at mesn sca level by means of the farmila

q = 228 146155
TP~ aifle T 26455 ple = i

uciooooo¢|(1)

where g is the specific humidity in gm/gm
p is the atmosphoric pressure
¢ is the vapowr pressure. .

Fer the approximate values given on the chart it hasg been agsured that the
atmospheric pressure at mean sea level is constant and equal to 1000 mb.

In compiling the original charts of vapour pressure the long-period averages
of obscrved vapour pressure at station lewvel were reduced to sea level by means
of the empiricsl formula

e (1 = 0,000076h) vevenieaas(2)

n * %
where ey is the vapour pressure at station level

¢, is the vapour pressure at M,S.L.

h is the height of the station above M.3.L. in feet.

This formula is applicable only to averages and not to individual values.

To obtain the average rpecific humidity qp ab height h at any given
ploce the value of 4o is resd from the chart for the appropriste month, ¢4
2.8 computed from cquation (1) assuming that p = 1000 mb, , oy is then
computed from cquation (2) ard ¢y is obtained fram equation (1) using this
velus of ¢y and substituting the average station level pressure for p.

If frequent computations are to be msde tables of equivalent valuws of do
end G5 cen be compiled, from equation (1) and similerly values of ®h far
dilferent volucs of ©p and h,

The toble overlecaf gives the avorage vapour pressurc and its standerd
deviation in cach of the four scasons and hence shows the fluctuations likely
to be experaenced from doy to day. A measure of the average variation
during thoe day is gaven by the valucs of the diurnsl range, The table
refers to a few typrcal otations with high humidity,

The highest average vapour pressurc shown in the tsble is 34,8 nmb, ot
Bahrein in July with a standard doviation of ke 7 mb. If the distribution wore
normal. then on one occasion in twonty the vopowr pressure would be expected to
oxeceed 41,0 s, , the corrcspording specific humidity being 25.9 gm/kg.  Thus
gince so high a humidity occcurs only rarcly and only within a limited erea, a
velue of 25 g/ke may be taken as o conveniont figure for the maximum specifioc
hwdidity.

The moteorologieal data discussed in this Appendix were provided by the
listeorological Office and ore reproduced by permission of the Director.



VAPOUR FRESSINE AT SRTUCTAD TROPTOAT STATIONS

Averages at the aftcrnoon hour of observetion for Jamary, April, July and October and their standard deviations; also the diurnal ranges

Scarst.rd Derintion lverage vauour pressure Bitrnzi 2ooce
Peaition Height | Time of AT STATTON IFVHET, ] '
Stetion Lat, Long, fte Obsn, ] Period Teriod
(Zone Time) ! JAW. ATR.|WULLIOCT, | JAN., | AFR. : JIT¥ | OCT.| JAN, | ATR, | IVTY] Q0T

byl 1. | The | b mb, nmb, mb. b, Dbe | mhe | mb | .ab.
Freetomn | 8°30'N | 13%4'wj| 40 14,00 e? | 2.6 110k (13 | 26.3 | 29,2 | 28,0 | 28,8 195-L71{ 1.1 10.7 [1.7 [2.0 | 1945-48
Sandaksn | 5950'N | 118%07'B ! 182 14,00* 141145 [ 1.6 | 1.5 29,4 | 30k | 29.2 1 29,5 193941 | 1.8 [1.5 1.7 {1e9 | 1936-41
Hanila 1435t | 120°59'E 33 1300 2.0 1 1.7 [ 1,0 11,4 18,6 | 20,0 | 22,5 | 21,5 1936-38! 3.2 [1.7 [ 1.8 | 1.7 | 10 years
Batavia 6° 3013 | 107° O'E 26 1300* 1.2 1 1.3 12,1 | 2,0 2148 | 22,5 | 20,0 | 20,5 4938~40| 1.6 [ 2,0 [ 2.} | 2.0 | 1866-1555
Shaibah | 30%°25'W | 47939t®| 63 1600 | b6 124 1938-42 | 1.9 193848
Bahrein 26°16'N | 50°37'E 7 1500 2.8 1 k6 z,,7§6.4 1660 | 2009 | 3148 | 26,3 1947~48 1 0.5 | 2.0 13,0 3.3 | 194749

i | i
* Local time
Notes 1a Some of the frequency curves, particularly those with high velues of the standard deviation, are not strictly normal,

g0 that for thesc the standard deviations do not give an acawrate estimate of the cxbromes,

2e  Far an atmospherie pressure of 1,000 mb, , moisture contents of 1,

approximately 16, 24 and 32 respectively.

3

This table is reproduced by permission of the Meteorological Office,

1% and 2% correspond to vapour pressures of

TIT xtpusddy



TABLES OF RESULTS

Isble 1. ZTakewof{ distance and powep neasured ay jake-o{f
Power ag Measured, Corrected to Maah Bngine Speed & Dooat,
Digtanee Corrected to Zero Headwind 1,Cs Ao Pressurc Helsht 590 {1
1.CoANi My § Specific Distance Distance

Logation [Tegt] Pregsure| Tep, Hunidity ito 115 Brake Horsc Pover to 115 Braite Hopsc Power
No.| Height [t %Clq % lwph EAS |Port 1_Port Inner | Subd, |Sthd.=ph EAS iPort | _Port Inner] Stbd.jStbd,
L. Ity Outer Firgyl Second Inper|Outen . ft, jO0uvep!First! Second InnerOuter
BOSCOMBE |1 210 119,8] 0,932 1518 11619 14631 1528 1513 ko 16! 1529 |
P 2 g5 117,8 9,728 1518 149z 16841 1566 1510 11482 1hesl 1552 |
3 380 119,61 0,686 1530 11519 11485] 1541 1523 11502 1455 1530
N 170 2h,0 0,876 1508 1140t ih7rh 1498 1hos 1173 1439 1497
LYNEHAM 5 260 112.2 0,780 1961 1508 15311 1587 1548 11487 1504t 15680
KHARTOUM | 6 k2o j28.b 1,087 1L93 14 Ahs3E 1408 1503 idily 14231 1499
z 1390 3L, 1,033 | 3209 1178 L5l 1A81 14901 3370 1678 1459 14061 1492
8 1340 1 27,5 1,002 | 3600 14077 1426 1391 { 1h95] 3755 1487 [1h27 13941 1095
9 | 31310 133,41 1,169 | 3087 ;hhm 1402 1600 1499l 3230 11465 (kLo 13971 1491
aQ 1380 23,9 0,375 1 3605 !.15!15 1179 1466 ¢ 15ha! 37358 1566 [14oh 1heh ! 1963
1 413 feed | 0.3t !1126 1587 11781 1539 1533 l1516 170 1507
BAKREIN §12 IO 152,81 1,900 ¢ 3547 LU0 11378 1351 | 1hho! 3720  HIkS {576 3387 1 1450
13 L8O 131,11 1,845 @ 4257  Ahblg 1387 130kt 1455] 3327 11452 11590 13481 1438
1L L80 1i7.2 ) 1,932 | k018 i511331 1379 1221 | Akakt 3977 MWD 11382 1320 1429 |
15 460 1334 | 2,025 ]111_42.2 1363 132k 1430 1427 11369 1320 | 148 |
HABBANIYA (156 555, 138.9 1 0.60L | 3506 ‘1;98 1443 13934 14661 3583 11493 1AHSE 13841172
17 560, 138,2 ' 0.641 ! =082 1512 (1465 19kt 1hoB] 3076 115908 ALT7 1505 [ 1501
18 Sho 43,6 0,527 | 347h 1407 1hos 1779 | 14391 3122 1408 1622 1578 1 1064 |
19 oho Jho.0 | 0.6k5 ! 347 448 1435 1 4569 L 14301 3360 11459 1430 136 j ks
20 565 1208,8 | 0,639 i Lok 146 | 1436 1 151 1493 1408 ! 816§ 1513
BAHREIN |24 500 136,09 | 2,012 1 4095  ah2F 1393 [ 1360 [ 1422 1107  |1422 1379 11338 | 1hog
22 BhO  131.1 1,76k 118 1381 1424 | 1450 11 1347 130% | 1448
3 500 133,11 1,840 06 1391, 1 1348 1 143) 1409 1383 [ 143% | 1427
HABBANI YA 120 Lo5 £38,5 1 1,190 | kOl7  nisH 1300 1 1358 1 14521 6030 {1451 1383 | 1364 | 1457
25 500 39,0 1 1,081 | 3887  [1Lk6 1396 | 13594 14511 3586  114L5 1304 [ 1361 1 148,
NICODIA 126 950 12747 Q.875 1487 1he7 1409 ¢ 1817 1489 1433 1409 | 1514
LUGA 27 215 122,88 | 1,559 1439 1403 113301 1483 1140 1hok 11386 [ 1482
BOSCOMBELQ 200 1zh. b 14319 14,85 147 1h21 151k 1480 11411 1405 | 1515
DUWN 305 120,86 1 1.21h 1494 1458 1l 1493 1406 1425 101y 11907
3l L20 119,7 0,896 1 2934 150h 1hL2 1138 ] 1621 | 2966 1156 thhe 1 1436 | 1523 |
32 B20 19,7 | 0,896 1505 1452 | 1hst ] 1529 1511 1450 1 1461 11529
33 Lo 119,27 1| 0,896 | 2989 1511 187 | yeli6ig) 2989 1 1479 1 10d2 ) 1525 |
34 b0 1197 o.a:;s 308L 11503 1keg 114391 1503) 2080 1498 1473 11439 [ 1508

Eng Ine ggggr First.il Secand ?ﬁggz'- 8533;'
e gpoeg ReP 2710 2750 | 2760 L 2720 . 2760
bhoon Poogt 1bu/saudne 18,9 ¢ Bl 8,51 8.2 | Bk /Table 2.4s,




Tablc 2,

Ratc of ctimb at 140 m.p.h, A S, T,

Mean Height 1,250 %, Rate
Location T;}gf: Adr Temp, ?I?migzg Gl?ib
t g q% f+. /min,
KHARTOUM é 27. 5 1,03 749
{ 30,3 0,97 9k,
8 26,2 1,17 728
9 27.8 1.12 157
10 30,9 Q. 0k 815
BAHREIN i2 33.8 0,85 5.
13 36,4 0, 90 1005
ik 3h.2 0, 60 752
HABBANIYA i6 35,3 0,36 155
17 36,k Q.47 892
BOSCOMEE 29 19.5 099 916
pomy___ (30 ! 176 1,07 945




Tabie 3. Power and fuel fiow measurcd in lewer fiipht. (a) Take-off pover

e b, i i Y b

;51%‘:,5_15; Location | Test e ESPD sifio| Braw Horge Powor i Fuel Flow b, /hrs
' Todght . o, fTomp. Fumidity | Port iarer  otbd, | FPorb inner | Stbd.
} (£t ) *. [t oc E ch ! First Second}tlnncr Tirst | Second Inrm:?
i TAHREIN |47 | 35,2 E 1,730 : 1403 152, | 1116 g-m:ei‘
i 151,50 4,520 1 iki5 | LMy : i 1130
! 1l (30,3 I [ 400 1 1441 51505 1127 1 imzaf
{ VABDLNIZA 16 1384 i Og 334 | 1473 ‘31;}67 1115 fﬂ'lﬁ‘é
| i_w 9.6 | 0,398 | 1463 1360 | 1118 | 1115,
700 L 48 1338 | 0225 1"80_411;37 110b, !1015;
19 lies 1 o.om |01 ;1}55 1030 k'tmj
BUREIN (21 [ P2 | 1. 831 }_ i% 1360 1285 113|910
22 'u.z | 4.5 | i | 429 1150 51142';
BOSCREE | 28 1150 | 0,750 14,72 11&59 1231 14215
o |29 18,9 | o, 1165 L1402 1210 11199 |
- b j 30 1291 om0 14571145 1210 12;2;5_j
; BOSOGEE |2 | 8.9 | 0,50k | 15 [i520 | 1207 1240 |
§; Do 3 144.2 1 0,650 iu 515 ;‘1496 1237 1233 [
; W RTOUM i; 1_1%2.8 i 0,913 'L*ug‘ps 1361 a2k 1126 i
B _126.6 | 1,0k 1145 | i3 ) 1463 1152,
% | 9 lpg | o6 1062 1560, i 1137 | 1*:53_£
2000 ; e ! ( s

, ; oA L300 0,119 } 1/ GB | ‘ 1567 )L A0 el
BLERELY |_a2 30,3 ] 0,435 | 472 L | 1373 | 1100 1122 |
13 137 | 0,142 147k } 1396 | 143 1120 |
5 BOSCGEE [ 20 | 9.9 | 0,690 | E 1492 §12_;<;6
! sonr | 2o biga ooes | ] AW | | 120t

' - . ;_“Fart' Inner Stbd, i

Inoine P farot, Sccond i Tnncr |

i
. L f B | !
iaicen Fngine Spond R 27680 o 2760 - 2720

r
i
1

 Jican Boost b, /og,in &0, 8,1 1 8.2




Tabie k., Power and fuel fiow meapurcd in levoy Piishe, (b) Maximun climbing power

IE;CC sg&i Location | Tost | Adr ! Spocapig| Croke Horse Power uel Fiaw 1ib./hr,
y Seaght | No, | Tcmp. | Humidity | Port Inmcr | Stbd. | Port ianer | Stbd,
g (£, ) 1 °C q Jo Firat 'Sccond | Inrer | First ;;Scmmd  Inner
i BAHREIN 12 1722 | 4.558 | 1173 1141 | Bid 859
f 13 1320 | 1,490 [ 1487 V4120 | 818 Bu6
! 15 13,8 1 0,99, | 1200 1151|811 865
‘ BARBANTYA| 16 [38,5 | 0,353 | 1291 1185 | 828 865
| 17_138,9 | 0.2 | 1228 1183 | 829 857
il 700 18 L. 6 0,215 i18L | 1171 8.8 850
19 _142,6 0,196 1165 11170 865 | £b3
BAHREIH 21 |3k, | 1,883 1152 | 1130 872 | 384
22 133 | 1,376 1169 14146 g93 | 898 |
BOSCOMEL | 28 [42,8 | 0.753 1260 | 1242 Oy | 945 ]
DOWN 29 19,6 | 0.785 1739 11208 951 | 907
| 30 119.5 | 0,784 1266 11242 922 | 9o |
BOSCOMER 2 8.9 0,504 | 127 1253 891 M3
DO 3 |14.2 0,650 1302 1266 907 924 ;
maRTOw |7 12,9 | 0,965 11240 201 | 8o 891_|
| 8 1264 | 4.143 | 1227 1164 | 861 866 ﬁ*
‘!20140 |9 3.2 | 0.857 1246 1163 | 68 ! gey, |
| DAFRETN ! 12 138.0 | 0.125 | 1226 1178 i 820 649 |
| i3 13.8 | 0.,0% | 123 1202 | 837 865 |
BOSCQMZE 128 110,14 C. 7156 1276 E 955_]
DO . 29 1178 | 0.9% 1237 926 |
Port Inmor Stbd, |
Enpire First! Sccond Irmer!
Mcan Engine Sroed R, ML | 2750 2760 2720
' Jican Boogt Ih, /90,in, 8,4 8.1 §,2




Tabie 5.

Fowor and fuct fiow measurcd in level flight, (c) Maximum continuous cruising

pover (veak mixtuve)

)

éxgsgﬁe Looation | Test | Atr | Specific Brake Horse Power Fuel Flow 1b. /hr,
NG B P N Sl i B T T
BAKRETN 12 1 34,0 | 1,168 970 963 | 463 463
13 132,2 | 1,470 961 968 | 462 470
EABBANTYA | 16 | 38,3 | 0.265 946 973 | 453 161
17 .139,3 Qe 509 939 71 152 460
18 | 44,0 0,297 880 975 452 457
700 19 142,8 0.215 875 579 150 160
BAHREIN 21 33.7 | 1,971 859 | 95 460 | 470
22 13,0 1 1,613 87, 1 962 460 | 485
BOSCOMEE | 28 | 12,6 | 0,709 9L7 | 1048 485 | 499
DOWN 29 | 18,8 0, 766 93311025 178 490
30 1197 1 0,92 93k | 1022 480 | 494
BOSCQMER 2 1 8,9 | 0,501 1033 1051 | 486 1,88
DOV 3 (11,2 1 0.650 | 103 1039, .| 486 18h
KHARTOUM 7. 1329 0,985 986 990 an 476
8 |22.0 | 1.110 1016 1030 | 482 485
2040 9 1xn.21 0,70 989 986 | 461 463
10 | 30.5 1 0,053 996 1021 | 46k 472
BAFREIN 12_128,54 | 0,092 968 983 | 453 468
15 [ 3.3 | 0,145 984, 1002 | 46k 169
BOSCQEE | 28 [10.1 | 0.517 1064 506
DOWN 29 118.3 | C.673 10hJ; 6,
Port Inner | Stbd
Englire Firsti Second | Inner
Mean Engine Swoed R, PM. | 2750 | 2760 | 2720
Yenn Boost il /Sq.in. 8,4 8,1 8.2
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Table 7. Variation of fuel consumption wath temperature
L. C. A N.
Clggii:.iicn P;gf;ﬁ? Enginc jQ-S- %% and 955 limits | Mean %; %—% and 955 limits
(£5.)
700 2nd Port| ~0,00383 40, 00060
Pako=0fT S+bd, -0, 00363 #0,Q0067 | -0,00578 30, 00026
2040 | 15t Port| -0.00393 20, 00072
Stbd, -0, 00378 0, 00053
700 2nl Port| =0,00322 #0), 00078
ClLimb Sthd. -0, 0071L 40.00127_ 1 ~0,00306 #0, 0005
2040 15t Pori| =C,00288 30,001 3
Stbd, -0, 00299 $0. 00148
700 2nd Port! -0, 00245 40,00033
Cruisc Sthd, -0, 00264, 30,00105 | =0, 00240 30. 00060
2040 | 1s% Port! -0.00226 £0, Q0126
Stbd, ! -0, 0022¢ 40, 00148




Table 8, Calculated cfficicney derivatives for Hastings provellers

{Caloulated from propeller mamifacturer's data)

| 2y G
19 noi
Ground Run +0g bhy =0, 16
Iransition +0, .30 =009
Climb +0p 27 0

Table 9, Brief descriptions of runways used for measured take-offs

Location Deseription
| Boscombe Down Conercte
Khart oun Bitumen
Balrein Perforated gtecl nlanking on sand
Habbaniva Tarmac on concreto ]




LOCATION DATE. LOCATION DATE F’ |GS
© | BOSCOMBE 11-21/6 & | BAHREIN, 30/7-1/8
b LYNEHAM 22/6 8| HABBANIYA /8 l & 2
4| XHARTOUM 25-30/6 +{ NICQSIA 2/8
O BAHREIN 7-12/7 xLuQa a8
ol HAaBRANIYA |  14-30/7 0| coscomee | 1%8-i/9

FIG |
1450
BHP
1400
Q388
1350 Boz
o 254
O|-52ﬁ 3
BOO 1400 \
O 1522
& 183
0 20 30 40 50
AIR TEMPERATURE °C
STR'D INNER ENGINE ° 2720 RPM + 82 ps. 700 Fr
800 FIG 2
BH.P
1550
SO0
G 033
A
450
10 30

AR TEMPERATURE °C
l STBD OUTER ENGINE. 2760 RPM + 84 psi S90FT

VARIATION OF TAKE-OFF POWER WITH
TEMPERATURE & HUMIDITY.




LOCATION | DATE FIGS.3 &4.
G 8OSCOMBE 1=21/6
4] KHARTOUM | 25-3Q/6
& BAHREIN 7-12/7
Al massanNva | 14-30/7
& BAHREIN 30/7-1/8
@ so5COMBE 17/8-1/a

1200

Fig 3
FUEL. FLOW
b/ he
1200
HoO
SUBSCRIPTS DENOTE
SPECIFIC HIMIDITY
1000 I s
L8 20 30 40
AN TEMPERATURE °C
STB'D INNER ENGINE | 2720 RPM + 82 pst 700 Fr
1300 FiG 4
Fuil.. FLOW 204 oo
fb/hr -
1200 0923
2419
\HgN 0 852
\‘“‘5{"‘5‘5
1100 O-913 "0k "
\
SUBBCRIPTS DENOTE
SFECIFIC HUMIENTY
1000 ! |

o 20 30 40
AR TEMPERATURE °C

STE'D INNER ENGINE : 2720 RPM + B 2psi 2040 fr

VARIATION OF FUEL CONSUMPTICN WITH
TEMPERATURE & HUMIDITY.



LOCATION DATE

KHARTOUM | 25~ 30/6 Fl GS
BAHREMN 7 -12/7 5&6.
HaBBANIYA] 14 - 30{7
BAMREIN 3Q/7-1/8
HABBANMNAL /8
BOSCOMBE DOWN[17/8-1/9

smeglolal |

B5OC0

Fig5.
-
GROUNG ,”’_
RN -
- 9’?‘3-"’ - SPECHNC
pog HUMIDITY
4000 B S 9 2%
q i 04?2 - - ﬁ‘gm)ﬁg”i/;
Y o » o .
== %
O.Eﬂ‘i. '_‘_-:',:.—--"'_ 1645 033 %I’DG!
- 4"5;6‘- - /,@o"ﬁ;f 05845 03'27
et =y 2o
0 896
i
2000 |
20 30 40
AR TEMPERATURE °C
NoO e
\ﬁ\ﬂ @o-m
Q0
o \
3 SPECIFIC |
D00 z""‘:\ 99 e %0'4'7 IO
TRUE ~ o
vy T~ 004 “"‘-\%
CLAMB ~ . q
AT TAKE] -~ 2 49 o8BS _
OFF . o o7 - 0-36
FT/hAN ~ S o/
/%00 7~ \\*\
- \g_k
~
-~
"
N
~
~
S
500 .
=0 30 40

AR TEMPERATURE °C
NOTES ~ (1) SLOPES OF FULL LINES ARE DERIVED FROM MEASURED POWER
CHANGES
{11) BROKEN LINES INDICATE SATURATION LIMIT FOR THESE LINES.

CHIGROUND RN AT | C AN PRESSURE HEIGHT SYO0FT
(iIV)RATE OF CLIMB AT MEAN L.C AN PRESSURE HEIGHT 1250FT.
(V) TAKE - OF-F WEIGHT 72500bh

(Vi)SEE PARA 6+ 4

VARIATION OF GROUND RUN & TAKE-OFF RATE OF
CLIMB WITH TEMPERATURE & HUMIDITY.






2

POWER LOBS
PER CENT

7
/’,,

I

TAKE OFF POWER

DS ACEMENT LOSS.
AT CONSTANT “R/eiel RATIO

DISPLACEMENT LOSS
PLUS C©FFECT OF RICHENING

TOTAL OBSERVED LOSS
ARROWS WNOICATE BLH%
LIMITS OF ACCURACY

POWER 1.OS55
PER CENT

2

FOMWTS LD55
PEQ CENT

103

20

/
&
/

SPECIFIC HUNMDITY

.73

=7
5

MAY TL.IMB PFOWER

bk
\'
k
D Sy
Y ‘!\\\
.
MAX CONTINOUS CRUISE ~ :-,.,,:\
(WEAK MIXTURE) I

SCECIFIC HMDITY Y%

10

2

Q

FiG.7

VALUATION OF POWER WITH HUMDITY
CONSTANT TEMPERATURL.

AT



FIG. 8.

MAXIMUNM /

SPECIFIC

HUMIDITY /
%% 4

q MAX //

2 / /

0 20 30 43 50
AIR TEMPERATURE °C

CALCIULATED F:EOM 164-55 o

€riax

WHERE € = SATURATION VAPOUR PRESSURE {mb)

VARIATION OF MAXIMUM SPECIFIC HUMIDITY WITH AIR
TEMPERATURE AT 1O0OOmb TOTAL PRESSURE.
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