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Summa;g

The advantages of using non-dimensionel methods in helicopter performance
trials are outlined and the non-dimensionsl ;[ roups of parameters used to define
level flight, partial climb, vertical climb, autorotation and hovering are
stated. Each of these flight modes is examined in turn and the methods of
planning trials, preparing fligh! deate and analysing results are discussed.
Some examples of trial planning are included as an Appendix,
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1. Introduction

As experience has been gained at 4, and 4.L.E. on the testing of
helicopters fitted with turbine engines, methods of testing and rnaelysis have
veen modified and, in particular, moire use has been made of non-dimensional
methods. Derlier Reports (Ref. 1, 2, 3, %) have dealt wiih the basis of the
methods and with particulsr teciiniques; the present Report extends the work
to uescribe itue deteiled plamning of fli-ht trisls and, for convenience and
becouse of the limited circulation of some of the previous work, coatains
sufficient of “he earlier meterial fto form a coherent account of bolh the
plannin;, of trials sand the znolysis of the results.

The use of non-dimensional methods in helicopter performance fli_ht testing,
can eliminate a large part of the labour of reducinz test resulis to standard
conditions, which oceurs with coaveational flight test techniques, while =t the
same time inereasing the probable accuracy of the results and, in some cases,
decreasing the flyin;, 1ime necessary to obtain the required information from a
trial. It will be showm, hovever, that to obtain the meximum information from
this method, it is essential that trials should be carefully planned in advauce,
The planning process will be exanined for various types of lest, but the
methods sho'm here are not unique and may be adapted or replaced according to
the needs of the test nrogramme under consiueration aend the preferences of
the Trials' Officer, provided that certain essential conditions are fulfilled,
These may be sumnarised by four questions which will have been answvered when
& trial has been planned:-

1, hat results are reguired?
2. (a) Can these results be obtained ot the trial site?

or {t) Vhat characteristics (temperature and sltitude) should the
trial site have?

3., dhat flights are necessary to obtain the required results?
4, hat informotion is necessary to allow these flichts to be made?

The importance of pre-triel planning can be seen by consicering e ilest for
which resulis are required for the helicopter operatinzg in both tenperate and
tropical conditions. By careful planning it mey sometimes be possible to
obtain all the results by operatin; from one site but even if this is not
feasible it +ill usuzlly be possible to obtain, from f1i-hts made in, sar,
temperate condaitions, sufificient resulits applicable to %tropical conditions to
enable the tropiczl trial to be planned economically ani to spot at an early
stage any incounsistency betveen the temperate and tropical resultis.

2. Parameters uzed in the Non-Dimensional Method

The non-dimensional parameters which define a particular mode of flight
cza be conveniently and most accurately ‘obtained by dimensional analysis and the
results of doin; this in relation to helicopter performence are stated in Ref. 1,
These results wvall form the bLasis of the methods discussed in this Report and
for completencss the assumptions made ané¢ the results obtexned will be stated
briefly,
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It is assumed thet the performznce of a member of a fanily of geomet-
rically similar helicopters depends only on its size, power, steccy state
motion, weijht sad rotor speed aad on air pressure and temperature. It
will be siown that it is sometimes necessary to consicer the case where
pressure and temperatvre are replaced by dexnsity. This simplifies the
application of the method in some ways but some loss of accuracy may be
incurred since the results obtained will net be at a standard, constant
Mach No.s The viscosity and the humidity of the air end the mass distri-
bution of the ro or system are neglected.

The most general case that will be considered is that of a machine in
climbing and transistional flisht —ith the state ol the air defined by its
pressure and temperature. Then, using symbols defined on pages 29 and 30

P = f(Rs v, vcx ¥y s Ps T)

and dimensional analysis gives

F@EE —

If instead, air density is used

F @@ —®

It is, of course, possible to define the state of the air in terus of
its density and temperature in which case a form similar to (2) is obtained,

except that there is the additional term.(?%) and resul+ts using this form

would be at a standard iach No. In practice this form is not used because
air density cannot be easily measured and pressure and temperature can: the
only advantage of bringing density into the picture is to obtain the form
given by (2) in whaich the power parameter is a function of three varlables -
one less than that found in (1).

It is convenient to replace the atmoszheric pressure, density and
temperature by their ratios to sea level standard values and also to refer
the rotor speed to g stacdard value. Then for a perticular helicopter where
R is constant, {1) and (2) may be written

L1 R—

it £ 1 (1) (Z“) 5) o wE

/If
3 :ps R . .
These quantities are no longer, of course, non-dimensional but give
convenient numerical values. They are oi'ten, loosely, relerred to as
"non~dimensional parameters",
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If a test has to be made with constant rolor speed it is impossible to

maintain w/fB constant and results will be at a non-standard iliach No, unless
the ambient temperature during the tests is that of the standard condition

for which results are required. The form obtained from (4), with w = constant,
must then be used. Thus

2+, —

Equetions (3) - (5) ere the basic forms used in performzace measure-ent
but it will be found convenient to rearreage thea for certain tests: this will
be noted in the discussion of the test concerned, As has zlreeady been
mentioned results obteined by the use of the forms siven in equations (4
and (5) will no% be at a standard Mach No, This is an important qualifi-
cation and its implications will be discussed in Section 3. If equation (3)
is used all results will be at a standard Mach No. and both the lach No, based
on the forward speed, V, and the llach No, based on the rotor speed, I, will be

correct if w/&b and v}b are kept constant. It is possible to wrile equation

(3) es
3% = (‘7%) \gé} Gf%) C'f;)

and it is seen that in this form the various parameters proportional io lach
Ho. gre explicity stated.

In obtaining (3) ~ (5) the viscosity of air has been neglected and thus
results will not ve at & standard Reynolds No. It is not possible to maintain

Reynolds No., constant if v/w and Q/JB are to be constant but 1% is possible to
design special tests to chee!” the eflect of changing Reynolds No. These tests
will be discussed in Section 4 but for current helicopters it has been found
(from a limited number of tesis) that ihe error in neglecting Reynolds No, is
small,

The non-dimensional groups used to define performance have been obtained by
dimensional analysis and this is the recommeanded method., Dimensional analysic,
however, does no’ heln in deciding the relative importance of the parameters
obtained and 1t is sometimes necessary to exa.uine the pover equation to decide
the best method of zrouping the basic quantities durin;, the dimensional
analysis. A good example of this technique tall be used in Section 6 but
since it is of general inierest the equations will De examined now.

The power required at the rotor in steady flizht may be stated as

Power required = Induced power + Climb po er + Parasitic pover +
Profile power

and for performence calculations a commonly used form of this equation is

/P =

S ‘s o . .
These quantities are no longer, of course, non-dimensional but give
convenient numerical values. They are often, loosely, rveferred to as

"non-dimensional” parameters".
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where Cp = f ﬂ%) and v = 7/ 2HR29 [vz + (V. + v)2>
ol N ¢

rearranging with all constants denoted by C where the definition sad numerical
value of C varies on each occasion it is used, gives

2SO @@ wne@
7/ v
oze 0y = £ () et L ¢ [(W/)? +[(o/e) + (/)]

4

e 25 - £(5) () ()

It would be expected that the power equation, being dimensionally correct,
would yield non-dimensional groups and in this case the result agrees with
equation (4) but it is seen that the use of a simple form of the power
equation has resulted in the power parameter bein; independent of ilach No.

In fact, of course, llach No. effects could have been included by writing

‘:;?'
the blade drag coefficient as a function of “/¥0 as well as '/ wl*

If a test has to be made with constant rotor sseed then
- (& v
-2 D () W

This form is convenient for level flight tests (with V, = 0) but for

climbing flight it is more convenient to change the form to

i
=@ (W )(V)
80 that power and density are both functions of weight alone.

When operating close to the ground to weasure vertical performance il is
. ¥ . - .
not possible to keep 'T/o‘ constent without bailasting between tests. To see

a3
the effect of chenges in /o consider equation (6) which may be written

3 c
Pﬂ'r=v+vc+%u+ﬁ;9[1+cv2] )
o (o3
H/O‘

where Cp = f (‘.7/0_) and v = C’JV2 + [Vc + v)?

/an
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and it is seen that since both the induced power and profile pover terms depend

on w/d'neither will be correct if T"r/c:' varies. To use either of these forms
would lead to serious inaccuracies but the problem can be, at least, partially

o2 A
solved. From equation (7), multiplying through by = /=

1 1
¥ ¥ Vv C¥R\3 CC, h-3/2 -
Po® _ _ vo© ? . (;g—> N D(&) [} .0 -J

e () =F e TG

1 1
. 1 1
and since VGQ/WQ =f (?be/wé> (?502/W%>s

16 () O () —o

Unly the profile power term contains n{c’and V and }hus, if when measuring

rate of climb near the ground, the terms Pca/qj/2 and Vba/ﬁ% are kept constant,

the results will be correct except for profile drag. This error will be
significant but for any test it would be worthwhile to estimate the error for
the prohable change in weight to see if, or how often, reballasting would be

necessary.

In this section power, P, has been taken to mean power reguired by the
rotor and it should be emphasised that this is not the same thing as the power
given by the engine. Nor, in general, do the two have a simple relationship:
The power absorbed by the tail rotor and in mechanicel losses in the engine
and transmission will vary not only with air densiiy, temperature etc. dut
also with factors like the grade of o0il used in the engine and the variation
may not be a function of the parameters used to define the power required e
the rotor. Resulls predicted for standard coaditions from tests made in
non~standard conditions will only be true in terms of the power required at
the rotor. The error in speaking of engine power is likely to be small and
since eventually most resulis have to be rel=ted to engine power to obtain,
for instance, meximum rate of climb or hover ceiling it is bPetter in
practice to measure the engine power rather than rotor power if a torgue-
meter is being used. Dxceptionally, 1f an accurate eagine calibration for
the engine to be used in tne trial is availzble rotor power may be measured.

. General Principles

If 2 non-dimensional approach is not employed the most common method of
testing helicopters is to fly in conditions as neezr to the standerd conditions
(at which results sre required) as possible and to make allowance for varistions
from the standard conditions when reducing the results. The variatious are o”
two gorts; first those which are inherent in the non-standard corndition but
which remain constant during a flight, e.g. ambient temperature, and, secondly,
those which, although they may be correct at scme point in time, vary during
flight, e.g., weight. Now, if a non-dimensional approach is used the stendard
conditions will imply cerilain values of the non-dimensional parameters which

/define
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define the particular test under consideration and provided that these are
numerically correct during the test the resulis obtained (in non-dimensional
form) will be valid, within the assumptions made to obtain the non-dimensional
parameters, end no reduction will be necessary except to obtzin the dimensionzal
results requived from the non-dimensional test results: similarly when a
non-dimensional result has been obtained for the particular wvalue of the non-
dimensional parameter it is also valid for any combination of the dimensionzl
variablea provided that they yield the correct value of the parameter, and
provided that, for any given set of the dimensional variables the value of the
dependent variable inherent in the velue of the non-dimensional result is
feasible. For example, it is possible to predict a power for level flight
in certain conditions where, in those conditions, the engine would be
incapable of giving that power. Engine and airframe limitations must also

be taken into account when predicting such results. Once the value of a
non~-dimensional parameter appropriate to the staadard conditions heas been
decided it is immaterial what velues the individucl variables take for the
test provided the value of the parameter as s whole is correct. If, as is
usuzl during a flight, more than one test is made it is necessary to ensure
that the value of the non~-dimensional parameter is correct at the start of

each test. Thus if the parameter (W/s) is being maintained constant the
altitude for successive tests has to be increased as fuel is used and the
A.U. W, decreases,

If a trial is to be made using non-dimensional methods five asnects
should be considered when plamning the trial,

l. The choice of non-dimensional parameters for the particular test to
be made. In all cases discussed in this Report these will be one of the sets
of parameters contained in equations (3), (4) or (5) or a form derived from one
of these equations. If it is possible to vary the rotor speed either
equation (3) or equation (4) will be used but as explained in Section 2
results obtained using equation (3) will be at a standard lach No. ond will,
therefore, be more accurate., Besides this advantage it will be shown that
this method is also easier to use in the air but against these advantages is
the fact that equation (L) contains oneless parometer than equation 3) and
the use of equation (4) allows 21l the resulis from level flight tests to be
presented in one diagram. )

Up to now most level fli_ht testing has been carried out using the
ﬁ/ﬁ method of equation (3) but recently an attempt has been made to assess
the probable loss in accuracy if the W/cw? method of equation (4) is used.

The method of doing this is discussed in Section (4) and, so far, from a
limited number of tests, the results have been inconclusive., “hen con-
sidering this question it should be borne in mind that the loss of accuracy
will depend to a great extend on the differences between the standard
conditions for which results are required and the test conditions,

It is recommended that, at present, the /6 method should be used
unless there is experimental evidence that the loss in accuracy inherent in

the ¥/ 2 mothod will be tolerable.

Turning now to helicopters which have a fixed rotor speed. First,
it should be pointed cut thet the variation in rotor speed needed. in meny
tests is small and that the rotor speed of machines,which are normally flown
at constant rotor speed can often be changed sufficiently by altering the
governor datum etc, If, however, the rotor speed cannot be varied the results
will be at a non-standard Mach No. and the loss in accuracy which will result
from differences between the standard end test conditions must be considered.

/until
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Until more tests are made it is not possible to state what varietion in, say,
temperature is tolerable but two criteria may be considered. TFirst, what
variation of rotor speed would be needed to obtain the correct Mach No.?

If this is of the same order as the variation a pilot would normally accept

as usual then it is probably fair to assume that the corresponding Mach No.
effects will be small since, in any case, it must be accepted that such
varistion will occur during normal operaztions. A 1 change in rotor speed

is approximately equivalent to a 6°C change in temperature at constant
altitude. Secondly, what alternative method of testing is availeble? The
obvious alternative is to use one of the conventionzl reduction methods.

These vary in detail but do not, usually, account for Mach No. effects end
therefore for a given difference between the standard and test temperature
there is no cdvantage in not using the non-dimensional method on this account.
Additionally the other advantages of the non-dimensional approach remain and in
particular the need to assume 2 constant mean blade drag coefficient, inherent
in many reduction methods, is not necessary.

2. [Expressing the ranges of parameters (altitude, weight, temperature
etc.) for which results are required in terms of the non-dimensionel parameters,
and predicting the amount of information which it will be possible to obtain
from the ambient conditions at a given test site. Once the choice of non-
dimensional parameters has been made it is quite straight forward to obtain
the extremes of the ranges required: for example if information is required at
speeds up to ¢ value, V, and at several rotor speeds the lowest of which is 0,

then the highest value of the non-dimensional paramster, y, is Y/QR. Then, if
only one non-dimensional pzrameter is to be varied in the test and the range of
interest in that paremeter has been found, it is then possible to decide at how
many values of' the parameter tests should be made to insure satisfaoctory results.
One difficulty that may sometimes arise is the case of varying a parameter which
will give a discontinuity in the results., An example is when results are being
obtained by varying the test altitude using a gas turbine engine giving maXirmum
power. Then, if the type of engine limitation chonges with altitude, the plot
of the results may change slope abruptly at the point where the limitation
changed and this may mean that rather more test points than usual would be needed
to define cdequately the test plot on either side of the point at which the
discontinuity occurs.

If two or more non-dimensional parameters are to be varied during the
trial then it is necessary to calculnte the range of each over which tests must
be made, It does not follow, however, that it is necessary to consider every
possible combination of, say, two non-dimensional parameters to obtain results
over the full range of the basic (dimensional) parameters. Only those com-
binations which can arise from the basic pzrameters need be considered. To make
this clear consider e test to find the power required for level flipght at AJU.W.,
W, and rotor speed, w, over a range of altitudes, in two standard atmospheres.

The non-dimensional parsmeters are W/B and Q/JB and it is clear that the highest
value of W/&, obtained from the lowest value of &, i.e. the highest altitude,

need not be considered with the lowest value of /¥6 obtained by using the
highest temperature appropriete to the hotter of the two standard atmospheres
specafied, i.e. at sea level., This is, of course, obvious in this instance but
it is alweys necessary to ensure that anomalies do not occur. If there is any
doubt it is usually possible to construct a simple diagram to show the areas of
interest ¢nd some examples will be descrabed in this Report. Such a diagrem is
also useful in the next stage of planning a trial, deciding the amount of infor-
mation which it will be possible to obtain by flying from the trisl site (if this
has been fixed) or alternatively deciding the necessary characteristics of the
trial site{s). For a particular site and for a particular helicopter the
envelope of possible performance in terms of the non-dimensional parameters
involved can be drawn, and superimposition of the diagram showing the required
envelope will allow the areas (in terms of the non-dimensional quantities) which
cannot be covered to be seen: this information can then, if required, be trans-
formed to show the deficiency in terms of the dimensional gualities,.

/3.
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1
3. Provision of deta to be used in flight. During each fIigzht it is
necessary to meintain the values of the non-dimensional parameter(s) at some
predetermined velue or values aad i1t is therefore necessary to provide means to
do this. There 1s ol%ten more thar one way in vhich information can be
preseated and it is worthwhile Lo talre care to choose the simplesi way for
use in the air, Basically there are two ways of presenting data: graphically

or in tsbular form, Thus for the parameter W/ﬁ, which, if kept constant,
means thet the operating altitude must be incressed as the A.U.'. decreases,
a list of e2ltitudes corresponding to a series of veizhts might be drawn up

or alternatively a line of W/B = constant, drawn on a plot of A, U. 7. versus
altitude (see Fig. 1)« The choice between these methods may sometimes depend
on the prefereances of ihe man who is to use the data bul, in geaersl, the
graphiczl method is to be preferred because 1t gives a continuous set of
values and allows a lot of information to be given on one piece of paner,

One further advaatage is thet there is usually less computational work
reguired in constructing a _raph: vwhen tables have been used, it has been
found that the use of a {isital computer to compile them is often worthwhile.

4. Consideration of priorities durins the trial. It 1s often the case
thet vhen a trizl has been planned to take place from & particular location some
of the tests vill only be possible when seather conditions are favourable,

One obvious example is *tetnered hoverin, which can only be done in very light
winds. The otner faclor vhich is usuelly importaat is temperature and whilst
1t may be obvious thot advantase should be taizen of extremes which may occur
infrequently, doing so mey involve a different sesquence of tests {rom that which
would otherwise be chosen. This point will be exemplified in the Tections of
this Report dealing .-ith individual tests but, in general, 2t 1s worthwhile to
consider the matter before the trial starts, dvring the planning stage.

5. Presentation of results. The results obtained from tests should be
plotted ageinst che perometers used to define the test z2né the dimensional
results should be obtained by reduction from values taken from faired lines
throuzh the test points. The reduction of test data is usually extremely
simple and little or no preparation for reduction is reocuired vhen plaming a
trial; there are however tvo aspects worth considering and these heve both
been briefly mentioned in the last “ection., First, the choice of non-
dimensional parameters to define a particular test can aflzct the presentation
of results since if che number of variables can be reduced to three all the
results can be shotm on a sin_le grarh. This is a veluavle simplification
but must not be an overriding factor in the choice of parameters. Secondly,
it is sometlimes impossible to plot ihe resvlis satisfactorily againsi any
other parameters ihan those used during the flizht. In particular a level

\lr
flight test mede at constant '/§m2 will not usuzlly yield a set of results at

constent /8.

Although the results obtained from 2 trial, vhere the non-dimensional
method was used would normally be presenied as a plot of non-dimensional
quentities an’ the recuired results obtained from this plot, it 1s still
possible to apply a conventional reduction method %o the data. This would
not normally be necessary since this method is much more compliceted -7d the
accuracy will depend on the assumptions made in the reduction nrocess, but
is mentioned to allay any feeling that if non-dimensional %ests are made and
sometihing goes wrong, all is lost.

/Finally
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Fin2lly it should be pointed out that althougi using the non-
dimensional methods ceils for a rather different flying technique to that
hitherto employed, the effect.of deviations from the required operating
conditions will, in general, bhe of the same order in both cases.

Lo level Fli-ht

The most usual reason for this test is to find the power required to
maintain level flight for a range of forward speeds at specified weights, rotor
speeds, heights and ambient temperatures. The results are presented as curves
of power required ajainst forward speed.

Dealing fairst with the construction of the progremme, it is necessary 1o
decide at the outset which set of parameters is to be used to define level
flight. The cholce is .

£ (W/&) (é?VB> <?7%) from eq;atioﬁ Fjj
f (T/cw2> (?7@) , from equation (4)

Az explained in Section 3 the former expression is preferable for greater
sccuracy and simplicity of use in the air but the second method will of'ten
allow. a wider ranze of results to be obtained in a given situation and the
results are more essily presented.

1:’/ 56

1]

or P/§w3

If the rotor speed is fixed thers is no choice and the parameters are

= f (?]b) (?) from equation (5)

The staadard conditions, for which results are required, may include a
range of weipht, height, tempersature, rotor speed and forward speed and %o
design a programme it is necessary to find the extreme limits of the renges of

the perameters to be used. If, for excmple, the parameters are N/&, /VB and

/w the upper limit of /8 would be given by the maximum weight and mezcimum
“itude, The programnme will then consist of tests at specified values of

Iﬂfﬁ, Y/6 end V)&, and will automatically include the range of W, h, 7, Q, V

provided the appropriate range of w}&, “ANo and Vym are covered, It can be
geen that +the number of parameters has been reduced,” It may be found that it
is physically impossible to obtain the required values of the parameters at a
particuler triel site, but this limitation would have occurred whatever test
method had been used. Obviously the same care is needed here, as in ay other
gystem, to ensure, in the planning stage, that 1t is possible 4o obtain the
required results at the trial location. - If the parameters chosen are

P/GwB, W7°w2 and vfw or if the rotor speed is fixed, a similar process is
) W
adopted; plamuing in terms of J/cwz and V}b,or ¢/b'and V.

JIf
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If more than one non-dimensional parameter is to be altered during the
tests the exact combinations of the parameters vhich need to be flown must be
found. The best way to explain tnis is by a worked example: one is showm in
Annenéix I, This example also illustrates a method of depicting granhically
the results which may be obtained by flying in ary given sed ol ambient
conditions.

It is also necessary when planning a trial to easure that the tests can
be made wathout reeching a limitation which occurs in the test conditions but
not in the staadard conditions., The limitation might be the maximum sermitted
speed, engine power aveilable or maximum available collective pitch. In
general, this difficulty is not usually serious in level flight teats but it
mey occur especially il resulis are required at or near maximum forward speed.

Iwo other results are sometimes required from level 1i ht trials:
collective pitch and fuel flow measurements. Desling first with collective
pitech, the non-dimensionel varameter here is &, the collective pitch angle
measured from an arbitrary datum, and this may replace the power parameter in
eny of the expressions given. Thus

8 =1 C‘T‘r/ 6) (“’/wf e) C‘?w) ete. |

Fuel flow is less simple. For a turbine engine (from Ref. 2) the non-

N
dimensional fuel {lov parameter G/&JB is a function of °Ae, UA6 and &
assuming that the effect of airspeed ca. be neglected and thet the efficiency

N
of the engine is constant. P/&VB is also a function of C/JG, “/AB and A and

thus G/SVB can replace ?/&JB in eqn. (3) provided that the transmission aud
tail rotor losses are assumed constant, giving

i 2 ) () () (%)

Alternatively if lhe engine is to be calibrated by zir tests siving nlots
\4
of ?/8f9 ggainat G/Jb, Q/JB and A, the fuel flow can be measured a2t the same

Y
time and curves of G/BVB against °A0, Y6 and A drawn. Thereafter tae
fuel flow caa be found from the ensine settinz in aay condition of flight.

In practice it may be difficult to obtain the variation of Q/SJB with A 1f the

latter caunot be adjusted independently of the other enzine controls but in

many cases it will be found that in the regions of interest the guide vanes are

fully open and therefore A = constant. The variaztions of G/BJB with A0 and
N

A at constant C/JB ere often small but should be checked for each type of

engine. -

Similar methods may be developed for a piston engine but may not.be

satisfactory in practice. Thus for an uasupercharged ensine G/ﬁfé may be
V

v R
writtea as a function of W/&, “No, "/ and ®/w as before but one difficulty
is to decide what temperature is aymropriate for 6, The power demanded from

/the
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the engine depends on the ambient zir temperature but the power produced by
the engine end hence the fuel flow depends on the carburettor air temperature.
The temperatures may vary widely especially if carburettor heat is useds A

further objection is that the expression for 9/&!6 is only true provided that
the engine efficiency remains constent. The uncertainty about temperature
may be removed by working in terns of enjine parameters vhen, with manifold

pressure, B, and relative carburettor air temperature Gc, Gfanc =
£ <§/§> (é/fbé). The doubt about engine efficiency remains, however, and
this method should be used with caution.

Consider now the operestin: contitions for the case of a helicopter vith

"
variable rotor speed, and assumins that for a particular test 3/6 and “/6

are known, It is then necessary to decide the take-off weight, the initial
height end the initial rotor aspeed in relation to the ambient temperature on

the day of the test. If A6 is specified, the temperature raange for the
available rotor speed range is fixed end since during the course of the
flight the machine will have to gain heizht it is desirable to start the
test wvith a hi h rotor speeds Thus the initiel operating temperature can
be found and assuming a lapse rate the aporoximste initial height may be
estimated from the temperature on the ground. It then remains to select a
suitable take-off wei-ht to allow the helicopter to operate at this height.
It may prove impracticable to start flyins near the hizhesl rotor speed
available anc this mar meen that the flijht may have to be curtailed when the
rotor speed drops below the minimum permitted value. It would be possible
to decide in the plannin- stage what ranges of sround temperatures would

permit flying 2t any given combination of Ty/(") and w/fe and hence utilise
variations in temperature on ihe test site as effectively as possible. Such
an exercise may or mey not appeal tov any individual hut in any case it would
be worthwhile considering the problem in the planning stage and bearing it in
mind during the actual trial., The gquestion of engine limitations must also
be concidered since these may be reached at ceriain combinations of tempera-
ture and weirht at the test site and prevent the completion of all the tests
necessary 1o ovtain results for the standard conditions.

If it is impossible to meet the rotor speed requiremeant in ihe prevailing
temperatures it may sometimes be best to fix the rotor speed at its value for

the standard conditions and fly with Wyc'constunt. W7G'constant is the only
condition for a fixed rotor speed machine and at a given ground temperature
the take-off weight simply specifies the heli hl at which the tests will be
flowm.

The flight plan will vary depending on whether a fixed or variable rotor
speed machine is used, VWith 2 varieble rotor speed it has been shown that

W76 and “A/6 will hove been decided for the flizht in question and must then
be maintained constant throughout the recuired range of forward speeds in order

that ?/BJB shall yield & true value of P a2t any given V/w. In order to

meintein "/& constant as fuel is used it will be necessary o increase the
height at which tests are made as the flight proceeds. At the same time any
temperature varistions, whether due o atmospheric changes or to a chanje of
operating hei ht, must be compensated by a chenge of rotor speed., Obviously
during any one run, the height and rotor speed must remein constant, The

/height



height appropriate to any fuel state and the rotor speed at any temperature
will be presented in a suitable form for use in the air., A machine with a
fixed rotor speed is rether less straightforward. Only one parameter,

w/o) muat be maintained constant, but since air Geasity cannot be displayed
directly in the sircraft a method of showing the correct altiiude for zny
fuel state and any temperatlure is necessary, Thus for a givea fuel state
an altitude must be found where the ambient tempersture is such as to give
the required air density. boms anticipation will be required to find the
initiel operating height but thereafter changes vill be small.

Tt is possible to present the necessary information in tabular form.
In all cases weight variation must be tzken into account and there are two
methods of doing this: eilher by formin; the tables in terms of the aireraft
weight or in terus of the fuel state. Uswally it will be simpler to consider
aireraf't weight since, although it may sometimes be possible to read the fuel
state directly off a gauge, there is little difficulty converting this reading
to aireraft wel nt and if aireraft weight is used, one table only is necessary

Tor a ziven value of W/B whereas if fuel state is used a separate table is
necessery if the payload (equipment, personnel or ballast) is varied,

A typical table for a helicopter with variable rotor speed is shown below

Aireraft Weight | Altitude , 0.AT. ; Rotor Speed |
e . W
Max. - High High /8 = constant
. .g,_; i 1
o |
a I ®
g | /Y6 = constant
Min, i Low ;  Low
~ § i

W7
One such table is required for each value /5 and “/V6 to be tested. An
alternative method is to construct two diagrams showing altitude against weipht

for the velues of w/ﬁ required and rotor snueed against temperature for the values

of ®N6 to be tested, This method (devised by G.M.J. Davis, A. & £.T.3.) is
obviously more compact then using tables; it is simpler in use and more guickly
constructed, An example is shown in Fis. 1 for a small piston engined heli-
copter. Lines showing maximum permitted airspeed with altitude are super-
imposed. The horizontal scale of L.U.., may be replaced by an equivalent
queniity if conveaient: thus if the chanse of weight is to be found from a
flow meter counter the initial reading of the counter could be marked at the
corresponding L U.t. 2ad a scale in terms of the counter readinz superimposed
on the weight scale, Then during the fiight the aliitude is found directly

1F
from the line of /8 constant and the counter reading. This method is very
easy to use but involves marking out the counter scale immediately before each
flight when the ~.U.\ . for the flight and the counter reading are knowmn: &
counter which ccould be reset to zero would be convenient.

If the helicopter is to be operated at constant rotor speed the table may
be formed as follows

/Table



- 15 -~

AMBIINT TEMPARATURE MIN,=m—————— F{AX,
Aireraft Veight . Al+itude
E
- ' ] : W *
Hax, ! | ! 1 b /o = constent
' i |
t | -
Min, ) é | i | w = conatant

It will be appreciated that for any given fuel state, and therefore air-
craf't weight, the helicopter must fly at an altituce vwhere the temperature, at
that altitude, corresponds {o the temperature shown for the same altitude in
the table., This is a unique point. Agein a graghical preseatation may be
preferred and an example is showmn in Fig. 2. TFor a ziven A.U.W., ¢ is found
and then combinations of the altitude at thich this value of ¢ occurs may be
found for a given ambient temperature. It may be noted that the plot of o
against height and temperature will be the same whatever helicopier is being
tested, althousli the ranges of these values which are of interest may vary.

The problem of anticipating what the temperature a2t a giver altitude will
be, remains, of course. If any difficulty is found a standard method is as
follows: from the starting point (altitude and temperature) follow a constant
temperature line from that point to the density required. alter height to that
appronriate to the new point and obtain the ambient temperature at that height.
Plot on the chart this new temperature and the altiude: then follow the con-
stant temperature line ez before and repeat the process untal the correct
altitude/temperature combination is fouad. This uethod sounds complicated when
vritten down but is, in fect, quite easy {o use in practice. Two or three
approximations are usuzlly needed to find the initial operating altitiude but
these are made durin_ the climb and do not waste any time. Once the operating
height has been reached all that is usually necessary is to alter the height by
100-200 ft. between each run, The accuracy required is to read the graphs %o
the nearest 50 ft. anc one degree (L) of temperature,

The other case which may occur is when the rotor speed is variable snd the

r
parameter “/bwz is to be used. To use tables showing altitude sgeinst tempera--

ture for a range of rotor speeds would be unwieldy: a diagram is simpler although

it is still undesirably complicated for use in the air. One such disgram is
shovm in Fig. 3 where for a siven weighl, altitude and temperaiure the correct
engine speed may be found. Alternatively for a given weight and engine speasd
the density and therefore combinations of altitude and temperature can be found,
but this method of use is more complicated since antiecipation of the temperature
change with altitude is required. Actual rotor sneed (or if more conveaient
engine speed, depenaing on the patiern of tachometer fitted) is needed on the
diagram used in flight but if several trials are contemplated it might be
worthwhile constructing a mester teble in termgs of the relative rotor speed,

The results of tests may be plotted and faired to give curves of P/&JB
against /h (or /bw against /ow ) for the various combinations of /6 and
®AN6 tested (or /d V for various /b‘lf constant rotor speed 1s used).

/From
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From these plots, curves of P - V for the required standard conditions may be
obtained by inserting the appropriate values of 7, w, &, 6, or W, 6, w . Care
must be taken not to present results which imply the use of more power than the
engine can give due to an engine limitation which would be apparent under the
standard conditions but which may not have applied in the test condition.

Collective pitch measuremeats provide a valuable guice for seversl asnecis
of level flight performcace and should be obtained whenever possible. For
example, confirmation that two tests made under nominally the same condjtions
but yielding different results were in fact flown in similar conditions:
vertical movement of air For instance would elter the collective pitch setting
required to maintain level flight,

Finally two tests which may be made to check the efflects of iach Fo. and
Reynolds No. variations will be discussed. TFirst, liach No.: this test mijht
be made to decide whether it is permissible to use the wSch rather than the

more exact W/S, Q/JB method. w)bmz can be written (?/6 x (%/V?) -2 and it

is therefore possible to make tests at a constant value of Wybw? while varying
P40 and W76. The results, which should be a plot of P/bw3 against v}b, will
show whether there is eny difference in the power required at a given value of
V}m, over the range of “/¥® used in the teasts, at the value of W}bwz used,

The results obtained are only applicable a2t the value of w/cwz at which the
tests were made since the effect of Mach No. will depend on tne incidence of

the blades 23 well as QVVB, and the collective pitch angle depends on W}bmz.
It is, however, permissible to assume that if no Mach No, effect can be found

at some value of W)bwz this result will hold for lower velues of W)bmz. It

may not be possible to simulate the lower values of Q/JG which may occur in
tropical conditions by tests made in temperate conditions, but if tests can

be made over e range of “/® it may be assumed that, at constant w}bmz, the

power required will not change due to Mach llo. effects at valucs of Q/JB lower
than those tested if no change can be found over the range tested and provided
that the range tested is at least as great as the difference between the
lowest value tested and the lowest value which it is proposed to simulate,

£8 an example consider a case where results are required for I.S.A. +50°C
conditions, for altitudes between O and 7000 ft., with w = 1 and W = 5000 1b,
Tests are to be made in I.S.A. conditions, et an A,U.i. of 5000 1b. and a roto-
speed range of from w = 1,025 to 0.95 is available, The tests must be made al

eltitudes of less then 10000 ft. The maximum velue of "/ow® in the hot
climate is 6850 1b. and the range of m/fb which will be experienced in these

conditions is from 0,952 to 0.975. Now with "/bwz = 6850 1b. in the temperate
tests the rotor speed range that may be used if the test altitude is not to
exceed 10000 ft, is from w = 0,95 at 7000 f+. to @ = 0,995 at 10000 ft. The

corresponding values of ?/JB ere 0,975 to 1,032, Thus althouzh the actual

lowest value recquired (“/Ve = 0,952) cannot be obtained an adequate range cea
be covered and if no Mach Ho. effects are found, up to the highest

v)b needed, it could be assumed that results predicted for w/Vb in the rangs
0.952 to 0.975 would he wvalid.

/Next
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Hext the question of Reynolds Wo., RN. For a helicopter there are two
values of RH to be considered: one besed on the forwerd speed, V, and one on

the rotor speed, w, and these are proportional to VprA and “°7pA raspectively,
where By the coefficient of viscosit of air is independent of pressure but
increases with iacreesing temperature. If a test has been made at certain

17
values of /8, $/V9 and v/w the result, say, P/SJB, will, strictly, only be
true for the values of w, V, &, 6 at which the flight was made since at any

other values R, will, in general, be ¢ifferent even though W/S, “ANo and V}b

are the same,

If there is doubt about the effect of RN when, say, results from & trial

are to be used to predict performance in temperatures different from that in
which the tests were made it is possible to make special tests to find the
variation of performance vith RN' As an example the power could be measured

for a range of /u et constent /5, “/V6 at two distinctly different altitudes
thus giving the power required at two values of RN' In order to maintain

W/é anduvvb constant the weight and the rotor speed would be varied between
the altitudes chosen for the tests. Then rewriting the expr9551ons for

C"‘/;.x,A and /pAD 28 ( /é) ( /Jb) (B/pA > ( /fé) ( /phfé) it is seen

that at constant /m and “A0, Ry veries with 5/prfe and decreases with
increasing altitude. The limit on the reduction q’RNfby increasing altitude

will occur when it is no longer possible to keep /6 gonstant by dscressing
weight. In a typical case & reduction in RN of 305 could be obtained between

flying at S5.L., and 12000 ft. in T.5.A. conditions and this would be equivalent
to the change in RV which would be experienced when predicting the performence

in I.S.A. +30 G, 7000 £t. conditions from results obtained from tests made in
I.5.A., Bea leve1 conditions,

5. Partial Climbs

The object of these tests mey be to find (1) the best climbing speed at

some specified conditions or to find the variation of the best climbing speed with

eltitude etc. The best climbing speed may be knowm from level flizht tests
but some partial climbs are still necessary to find (2) the position error in
climbing flight which is usually significently different from that in level
flight: (j) the variation of rate of climb, at the best climbing. speed, with
particular psrameters such as altitude or weight.

Before considering how these tests can best be made using a non-
dimensjonal approach thie basic non-dimensional technique for partial climbs
will be discussed., It will be seen tnat the tesis are sometimes difficult
to carry out especially if a lorquemeter is not fitted to the helicopter
and the economy in flying time usually associated with non-dimensional tests
may not be obtained unless results are required for a lerge number of standard
conditions. lzinly for this reason extensive use of non-dimensional methods
hzs not, so far, beea made but it is, nevertheless, worthvhile tc consider
methods for flying partial climbs non-dimensionally becszuse the essential
accuracy and ease of reducing results are still important.

/The
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The parameters which define partial climbs are given in eguations (3) and

v ;
(5); with variable rotor speed, C/w = f (P/8¥B> (“/5) (w/JB> (?/#) and with

7
fired rotor speed a modified form of equation (3), v,=¢f (ﬁ/ﬁ) ('/b) (?).

v -
An altermative il the rotor speed can be varied is c/w =f (P/wm) (F/bw2> <YA%)

The best form to use will depend on various factors but the problem is largely
that the pover varameter must be maintained constant, ané the method of
echieving this in the air depends on whether or not the machine is fitied with
a torguemeter and whether it has a piston engine or a pas furbine., Consider,
first, a machine with fixed rotor speed: if =z torquemeter is available,

P/W constant is the same as Q/W constent and hence maintaining P/W constant

is straightfor-ard: 4if no Lorquemeter is fitted, it is necessary to use some
form of engine curves in the air to obtain manifold pressure, compressor speed
etc. aporopriate to some new power requirement - tnis is undesirable and may noti
2lways be possible but zppears unavoidable.

Next consider a helicopter with a variable rofor speed: apart from the
question of maintaininz the power term constant the results from the form
involving Q/SJB will be at the standard -lach No., but on the other hand the
P/wa form allows legs complication in preseatins results because there is one
less variable. For a gas turbine it will be shown that keeping,P &6 constant
involves either flying at constant ®/e or at constant Q/ﬁ. If  °AN6 constant
is indicated, the P/GVB form of the power psrazmeter is preferable since any
engine limitation will be directly aprerent. If Q/W is to be constaat there
is no difference in the two methods since P/wm = Q/W. Vith piston engined
machines fitled vith a {torquemeter Q/W can be kept constant and this is

. . A P .
equivelent to maintaining ~/¥w or ~ /&8 constent: without a torguemeter
poiier curves are again necessary and the {1ight charts are somewhat simpler

if P/r.fm is used rather than P/axfe.

These are the possibilities but before soing further it is vorthwhile to
exanine more closely the difficulties if a torquemeter is not used. TFirst it
is necessary to use some form of engine povrer curves ani unless these are knom
to be accurate for the particuler enzine(s) being used very little reliance can
be placed on the results obtained. Secondly, even if accurate power curves
can be obtained there remains the problem of presenting information in a
suitable form for use in flight, This is considered impractical if pover is a
function of several variables as in the case of a piston engine, ith a gas

N
turbine it may be feasible to fly at constant C/JB but this has not heen doae
and tests would be desirable using this method before it i-as used for a trizl.

Consider now the question of triel planning and eagine limitations.

First, turbine engined helicoplers with variable rotor speed. I? results
are required for a soecific set of standard conditions the walues of P/&JG,
W/ B, v/w and °A8 (or Pﬂv’w, W/omz, v/w) may be found for those conditions and

/it
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it is then necessary to ensure that these values are maintained in the
conditions prevailing when the test is performed, Thus the weir ht and
rotor s»eed may be varied to allow for a nonestanderd altitude or temper-
ature. The power parameter, however, nseds some cere since an engine
limitation other than that relevant to the standard condition may operate
during the teat. The result normally wented will be the rate of climb for
a given engine rating in the stazaderd conditions and, in ihese conditions,
the engine limitation may be comprestor speed, jet pipe temperature, fuel
flov or torque depending on 1lie altitude and ambient temperature. The
limitation in the staadard conditions mey:be found from the makers curves
or, preferably, from level fli_ht tests usin; the particular engine which
will be used in the partial climbs., Having found the limitation in the
standard conditions it is useful to examine the engine parameters to see how

P/&Jb may be kept constant. Cuoting Ref. 2,

s G0
L@@
P (EE

and thus, the non-dimensional power, fuel flov and jet pipe temperature are all

functions of the non-dimensional compressor speed, rotor speed and guide vane
position, It mey be assumed that the guide vanes are fully open during partial

climbs (i.e. A constant), and that Q/JB will be kept constant., Then P/ﬁfb
N
will vary with °/Y9 only and if the engine limitation in the standard con-
N

ditions was compressor speed, the value of 9/JB apnropriate to the limitation
in the standard conditions should be maintained in the tests. It will not
alvays be possible to test in e hotter climate than that for which results

are reguired since although the ambient temperature may be reduced by flying

cn
Yo
@

1

i
e
|

higher, the weight must be reduced to keep w/8 constant. If the tests are
carried out at temperatures other than that specified some other engine
limitation may spoear e.;. 2 torque limit when operatin, at lov temperatures.

If the engine limitation in standard conditions is either the fuel flo- or
the JPT it follows that it is necessary %o fly et the values of G/BJB or

. . n .
9/6 appropriate to the standard conditions. Since A and ~/V6 will be
i) T,
constant, then C/V@ is constant if 9/5%6 or /B is constant, znd hence
P/&JB must be constant. This implies, hovever, that it will elso be correct
N
to fly with ©/¥0 constant at a value corrvesponding to that appropriate to

the enrine limitation. The remarks mzde about the effect of ambient
temperature when considering a compressor speed limitation also apply here.

/A
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A torque limitation in standard conditions may be shown to call for gfﬁ

constant to maintain P/&JB constent. Thus, if suffix o denotes standard con-
ditions, and suffix 1 test conditions, the non-dimensional parameters are,
with P = (Q

and rewriting, Eg = 1 i.e. Q/W cons tant.
L ki

Agein on a hot day a lighter weight would help, if, say, a JPT limitation
¥i
was encountered, since the helicopter could fly higher (from '/8) end less
torque would be required (from Q/W).

So far only the case of testin- to cbtain resulis at one set of staadard
conditions has been considered, If results are required for a large number of
conditions it may sometimes be nossible to reduce the amount of testing by
working within the renge of non-dimensional parameters involved. The engine
limitations will govern whether this is possible, If, for instance, it is
found that the enmne will be torque limited for a number of standard conditions
it may be worthwhile. On the other hand if some other engine limitation is

it
indicated the power parameter is °/V6 and each standard condition will require
a different value depending on the temperature end type of limitation, Generall:
this case does not lead itself to planning a short series of tests in terms ol
non=dimensional parameters. It wll, of course, still be useful to conduct each
infividual test on the basis of the non-dimensionsl parzmeters appropriate to eaclh
set of standard conditions. It is worth mentioning here thiat if a series of

tests have been mzde over a range of values of ?/JB and the engine limitatica
N

in terms of a perameter which can be expressed s a value of °/AB, is sub-
sequently chanzed, results will be available for the new limitation provided,
N
of course, that it is within the range of °/V8 tested. One further diffi-
culty may be noted: if a series of tests is planned using non-dimensional
parameters and if these include more ithan one type of engine limitation the
results will incluie discontinuities where the type of limitation chanzed.
If, then, a plot contains too few points to show %these discontimities
accurately, results obtzined by interpolation may be relatively inaccurate.

If the rotor speed is fixed, the paremeters P/W, ?kd have to be used and
since the rotor speed is constant, the power is directly related to the torgque.
Ag in the case of a varieble rotor spneesd machine the engine limitation in the
standard conditions must be found but here it should be expressed as a torque

since the engine para%eter Q/Jb camnot be naintained constant. The error if
1

the en;ine parameter ?/JB were used instead of Q/W would be more serious with
a fixed shaft turbine engine,

/With
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With piston engined helicopters the principles underlying the rermeri:s made
for turbine engined machines still apnly. It is most important that the power
available in the standerd condition for which results are required and in the
test conditions should be accurately know but givea this and also a knowledge
of such limitations as cylinder head and oil temperatures for the standerd
conditicons, trial planning is possible,

Turning now to the preparation of informetion to be used in flight. This

will depend on the set of parameters chosen. First, consider °/w as a function
of P/GJB, E/B, e, V/m. The test will consist of measuring V, for.a number of
values of V (the smell variation in w usually makes it possible and more con-
venient to work in terms -of V rather than Y/m in the air) at specified values

of ?/8«6, “75, ®/A6., Then as the weiiit chan-es the altitude (ot the start of
the climb) musi be increased to maintain “ka constant, the rotor speed adjusted

for {emperature chanzes, and the power seiiing varied to keep P/BVG at the correct
value. The first two of these conditions are the sane as those used in the

level flisht test and a chert simalar to that shown in Fig. 1 vill be the best
was of presenting the necessary information. It has been shown that there is no
single way of presenting information for the power parameter. There are two
cases, first, il the eazine is torque limited, or more generally to maintain

P/GJB constant in the absence of any en~ine limitation, Q/W must be kept con-
stant. Secondly, for a compressor speed, fuel flow or jet pipe temperature

N T.
limitetion °/0 (or /s, G/&JB) must be maintained constant.

Ir 9/w is required constant a tablé or i raph may be used to show the torque

required at any weight for a given value of Q/W. For a compressor speed, fuel
flow or jet pipe temperature limitation it has been shovn that the tests can
\T

be made at constant 9/Q and this is usually the simplest method since in
addition to the charts showm in Fig. 1 the only adéitional informetion required
N .

is a table or curve of Nc against @ for the regrired value of G/Q.

T ;
Alternativelr charts shoing 9/6f0 or Y/6 could be used but the first form is
rather more compliceted and ihe gauge showin: jet pipe temperature is not
usually suitsble for asccurate interpretation. It should be noted, hoviever, thati
elthough experience has shovm that the relationship between G, Tj and Nc is

valid under the assumptions stated, if this is shoim not to be the case for a
particular enzsine the test must be made 1n terms of the limiting parameter,
vc P w, 2 V

If the parameters choses are /w as a function of ~ fiw, /ow", /w or with

a fixed rotor'speed,vc #8 a function of ?/w,*ﬁ&:, V, the porer term has been
O . .

shown to be the equivalent to keeping %/% constant ané the information reguired
and its presentetion is similar to the case discussed above. The other para-

meters are similar to the equivalent level fli ht cases and the appropriate
information is shown in Figs. 2 and 3.

/Now
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llow to consider the best way of achieving *t.e objects of the partial climb
tests, set out at the beginning of the Section, using the non-dimensional
aporoach, It will be assumed that results are required for a set of standard
conditions which are not those at the test site. TFirst, suppose that the
best ¢limb specd is kmowa from level flight tests. It is then necessary to find
the position error for climbin, flijht and this may be done by towingz an airlog
during climbing flight at two or three s-eeds near to those indicated by the
level flisht results. These tests may be made over the full range of the non-
dimensional paraneters found from the standard conditions, if necessary, but it
is often found *that only the extremes of the raares need to be checked since
the position error usually remains sensibly constant for all conditions of
climbing flizht that are of interest. If these flights azre made at values of
the non-dimensional parameters which need to be flomm to obtain climbing
performance some saving of flyin- time may be achieved. Once the best
indicated climoin, spead has been found the remeining task of measuring the
rate of climb for the simulated standard condiitions may be accomplishel by

flying at the correct value of v/w or V.

If no level results are aveilable the best indiceted climbing speed and
its variation with altituce and "-eight, which is usually large enough to be
detected, and with rotor speed and air temperature, which may be negligible,
must first be found. In any case the overall variation is normally small
enough, over the ranges of the porameters which are ususlly of interest, for
it Lo be sufficient to makxe tests (over a suitable renge .f ¥/w or V) at the
extremes of the values of the non-dimensional quantities. These tests will
show the best inlicated climbing sveed and from the point of view of
obtaining clim» performance it is unnecessary to know the position error although
this can, of course, bs found, if required, by using an airlog during these
tests. Once the best indicated climbing speed is known the ¢limb performance
can be measured using the method indicated above.

6. Vertical Climb

The object of thas test vill be, first, to produce curves of vertical rate
of ¢limb against one or more o the variables, altilude, temperature, weight
and rotor speed, with the remaining varizbles constant, at a specified engine
rating,, for zero airspeed, Secondly, to establish the effect of windspeed on
the climb performance, Ideally the zero airspeed results should be obtained in
3till air but since this condition is rarely availsble when required, the
tests are made by climbing vertically relative to the ~sround in low winds and
correcting to zero airspeed from the resulis of tests flown over a range of
low airspeeds, durin-: which a ground runner is used to éefine the airspeed for
each climb. The rate of climb in any particular wind speed can then be
ootained by modifyin:; the zero airsneed results using correction factors found
from the results of the tests made at lo~ airsweeds. These technigues and the
method of handlin: results and makin; corractions are contained in Ref. 3. For
eace of reference the Tirs: type of test, thet is flying vertically relative
to the ground, will be called 'reduced pover verticals' and the second, when the
climb is made following a ground rumner, ‘'low airsweed verticals', The results
of both these tests may be expressed in non-dimensional terms but, whereas, the
advantaze of usin_ a non-dimensional approach to low zirspeed verticals is
debatable, this acproach iz inherent in reduced pover vertrcals: +this test
will ve disc-ssed first,
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As stated above climbs are made vertically relative to the ground in low
windspeeds and the resulis are corrected to gero windspeed, It is, therefore,
legitimate to consider this test as & vertical climb at zero forward speed, If
the rotor speed is variable the relevant parameters are given in egn. (L) and are

V
/o = f (W cm2> (P/0w3>. The density is not an effective varisble since the

tests are made in a narrow altitude range near the ground and hence the rotor
speed must be varied to compensate for weisht changes to keep haﬁnn 2 constant.
Then ‘o maintain P/th3 constant, the power must be chansed when the rotor speed
is varied. This form has the advantage of using the same parameters, wycmz and

P
/me, that are used For tethered hovering tests and sometimes for level flisht
tests, thus mekin, a comparison of the resulis easy b$t it is easier to conduct

v 3 -
the tests using a modified form, c/w = f <W/6w2> (Po2/ﬁ5/%). dere, viith air

density constant, the rotor speed and powver are both simply functions of weight
and this allo:'s the flight data necessary to keep the parameters constant to be
presented in a simpler form.

, If the rotor speed is fixed the parameters shown in equation (8),

V o2 4 z

¢ /=y ({/f) (?ca/WB/%> should be used, since, as explained in ?ection 2,
PGz{WB/z is
v o?

maintained constant as fuel is used, the rate of climb parameter, ¢ /WE, will

these make the induced power loss indepenuent of /o and provided

only be in.error by an amount dependent on the change of profile power with ”/G.

Since it is impossibie to maintain w)b'constant except by ballasting it must bve
decided in advance what change of weisht can be tolerated before reballasting
is necessary. A method of doing this is shown in Appendix 2: the result of
applying this method to ?he Scout shows that, for a particular case, a decrease

in ‘/b‘of 5%, keeping PGa/WB/2 constant, would cause the rate of climb to decrease
from 180 ft./min. to 90 ft./min. or from 900 f£t./min. to 820 ft./min. It is
geen that in the 180 ft./min. case (often a Specification requireneat) the error

W,.. . . . s o
for a 5. chanse of /o is excessive and, in fact, to keep tite error within 10.

(of 180 £t./min.) the cheage in w}b‘must ba not greater than l,: in this case
a weisht change of 50 1o,

This calculation illustrates, incidently, the importance of knowing
the weight of fuel, equipment and airecrew in this type of work.

In general the approach to plamning a trial will be similar to that for
the level fli-ht case. Once the range of parameters to be covered is known the
corresponding rance of the non-dimensional perameters may be found and the
trial plammed to cover these. The power availsble from the engine to be used
in the tests, at aay ziven rating, nay be known in advance from previous testa ané
these figures, rather than the maker's curves, should be used if available,
Engine limitations may cause difficulties in plannin® and each case has to be
considered individually. Since the ambient conditions at the test site nay be
markedly different from those for which results are required a full knowledge

Jof
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ov
sometimes been found that the best line is a straight one i.e. °/av = constant,
This is surprising since, for example, in the case of the bcout the theoretical
ov
value of %/av varies from O to 30 ft./min./kt. in the speed range 0-10 kt. for
typical values of PGQ/W3/2 and Jow?. It is hoped to make some special tests to
elucidate this point in the future. :

Meanwhile, the folloiing precautions are worth considering. TFirst, the
value of V_ at V=0 is very important and should be well established: the 1ine

or curve which is finally used must pass through (or near) this voint., The
theoretical curve is often very nearly a straightline at speeds above about
AV

5 kt. and since the correction for a change of speed AV is j. aVc.dV and not

“av
av
avc AV unless °/av = conatant, 2 serious error could be introduced unless the
v
whole speed range from zero upwards is considered when drawing a line on the plot
of VO versus V. Secondly, a straight line (passing through the point at V=O§

should only be used if it is clearly a better fit than a curve with zero slops
at the point at V=0,

gV
Calculations for the Scout indicate an eppreciable variation of ©/3V with
the power and weight parameters at constant speed. 1As an exemple, at 10 kts,.

the variation between two extreme combinations of Poe/ﬂ5/2 and ﬁ/bwz was 20 ft./
win./kt. Variations of this order might be of importance if the conditions for
say, 180 ft./min, vertical performance were being established and until more
experimental evidence has been accumulated it would seem advisable to obtain
corrections for at least two distinctly different combinations of the weisht and
pover parameters if there is any doubt as to the variation of the correction with
these quantities. Agein, in the absence of any better guide, it is suggested
that the variation of the correction should be checked using simple theory to
establish the worst cases for any particular trial,

If tests are mede a2t some combination of the power and weight varasneters,
these perameters should normally be those used for the reduced power verticals
plus the appr9priate term for forward speed. ?hat is vfw if the climb parameter

c Vo2 . R . Ve, it . . . .
is /o or = /W if the climb parameter is ¢ /W°. As in partisl climbs it

is necessary to be able to cihange the power setting during the test and the
remar'ts made on this subject in Mection 5 are applicable to this case.

7. Autorotation

This test is analo;ous to Partial Climbs (Section 5) excent that the power
is gero. The same parameters apdhly, omitlinz power, so that, if as is usually

' i
the case the rotor speed can be varied, it is necessary to maintain 178 and
T
Q/JB or E'/'cmz constent in flizht and, exceptionally, if a fixed rotor speed is

?“I' 'I .
used, W/U. The choice between /& and “A6 or LJ/'ct.uz is as before: the first
form gives results at a standard Mach No. while the second allows a simplified
presentation of results but is more compliceted to use in the air., If the

/tests
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7

tests are to be made at only one value of forward speed, the paraueters /8,
PNo and vc/w could be used to define the results provided thet the tests were
made at a standerd value of v/w by chanzing V as the rotor speed was altered.

Since there are no engine limitations to consider, the trial can usuzlly be
planned in terms of the non-dimensional parameters. ILhe most general type of
test is to find the variastion in rate of descent with rotor speed and forward

v
A

speed in one or more standerd conditions, Consider the parameter c/w, Jw,
W/&, “ie, i/ﬁ will be knovn from the standard conditions and also the values

or ranges of values of V}a and Q/JB. Tests can then be planned to cover these
parameters ani since the rotor speed can usually be varied over quite a large
band there is usually no difficulty in simulating temperature conditions far
removed from those in which the tests are to take place, The rotor speed

for the test will depend on the velue of */V8 and the ambient temperature and
then the forvard speed is found from the rotor speed and the vaiue of

v . i
/m. Suitable graphs showing altitude and A.U,W. for constant f/a s rotor
speed and temperaturs for constant */A® an¢ rotor speed and forward speed for

constant V/m are required, Similar methods can be used if the parameters

. v
W 2V
Jow®, "Jw, /0 are used.

8. Hovering

The hovering performance of a helicopter is usually defined in terms of the
pover required to maintain height for given ambient conditions, weight, rotor
speed and, if subject to ground effect, wheel clearance. The recommended
method of obtaining the hover performance by tethering the machine is fully

. described in Ref. 4 and forms an interesting application of the non-dimensional

approach. For completeness a brief account of the basis of this method will be
included here,

The power required to hover with no ground effect can be expressed as
P/om5 and is a function of W76w2 only.

If ground effect is present a further parameter, 1, can be introduced to
define the wheel clearance, In tethered hovering 1 is fixed by the length of
the cable used and by varyins the cable tension and rotor speed a wide range

W, 2 )
of " /ow may be obtained during each flight. The tests can, of course, be
repeated with various lengths of cable, depending on the specification for the
trials.

Fy

Planning is relatively simple: the range of w/cw2 for which results are
required can be calculated and the raaze which is likely to be available at the

trial site estimzted, bearing in mind that the range of ﬂ/cmz may be limited
by the power availsble in the test conditions. As usual, engine limitations
should be examined in advance to see if they will restrict the tests in any vay.

The actual tests are normally made by increasing the power in stages from
the point at which the cable is just teut until either meximum poer is being
used or until the maximum permicsible tension in the cable is achieved: no
data for use in flight are required.

/The



The method, ocutlined sbove, gives results at a non-standaerd llach Ho. and
witih current helicopters this methiod seoms satisfactory: no difference has been
found between results obtained in temperate and tropical conditions, It is

possible to take Mach No. into account by usin; the parameters ?/BJB, W/S and
w/fb, and apart from the slight increase in complexity involved in having to

calculate the rotor sneed to obtain the correct value of W/JB, the only dis-
advantage is that il it is possible to use a2 rotor speed lower than that called

1T
for in the staniGard conditions during the test, the range of /& available may
°
be appreciably leas than that of 1/'cwz.

9. Discussion

Although the advantages 0f the non-dimensionsl approach are clearly
apparent, only its uze in actual trials over a period of time will show all the
difficulties and limitations. The application of the meihod falls into two
parts which are quite distinct. First, for any given set of standard conditions
the appropriate non-dimensionsl parameters mey be found, and, by maintaining
these constant during the test, the reduction of resulis becomes merely simple
arithmetic, The results will usually be more accurate ihan those found using
the standard reduction method since fewer assumptions have to be mede. econdly,
an exteasive trial can be plammed in terms of non~dimensional parameters and,
althouzh {his amay not al—ays be practical for all flight modes, when used, a
reduction in the number of tests needed end/or an increase in the amount of
information which can be obtained at any one test site may be chtained.

The first application is relatively siraightforward and easy to use, whereas
the second is more complicated because of engine limitations ete, which male
advance planning more difficult. Nevertheless, in practice, complete itrials
are being planned in this menner, as a matter of course, end it is sugsested
that, even when it is not feasible to plan a trial non-dimensionally, the exercice
of settins out all the relevent facts systematically to see if it is possible,
has a value of its ova in ziving an insight into the problems vhich are liltely
to arise no matter hov- the vrial is conducved.

It has already been pointed out that each trial needs a separate approach
in planning and it is not practicable to lay down rules which vould enable the
planning to be done by rote, Undoubltedly 23 non-dimensional testing becomes
widespread the planning of certain iypes of test will become almost standardised
but meanwhile some examples of actuzl triel planning are included in an Appendix
to this Report in the home that they will help to show some of the methods of
apnroach availoble, and some of the difficuliies which may srise.
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lotation

A rotor disc ares = IL‘R2

B  manifold pressure

C constant defined in Section 2

CD drag coefficient

D100 drag at speed of 100 ft./sec,

G fuel flow

h altitude

1  rotor clearance above ground

n constant

Hc COMNressor speed

P pover

p atmospheric pressure

Po atmospheric pressure at sea level
¢ torque

R rotor radjus

RN Reynolds No.

s rotor solidity = S Din0e aren
T ambient air {emperature

TC carburettor air temperature

Tj jet pive temperaiure (JPT)

T ambient air temperature at I.n.MN., sea level = 283%%,
¥V  forward specd

Vc rate of climb

v  rotor induced velocity

¥ gircraft wei ht

5 relalive atmospheric pressure = P/po

/4
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inlet guide vane position

relative air temperature = T/To
relative carvurettor eir temperature =

collective piteh
rotor tip speed ralio = V)ﬂR

coefficient of viscosity of air

air density

air density at I...A., sea level

Y]

relative zir densiy

Q/Q

relative rotor speed o

rotor speed

standard rotor speed

T

C/T

O

)

j T, TO, Tc’ must be in
g degrees absolute



Appendix I

Examples of Plonning

1.1 Tethered Hovering

This example is based on 2 trial —~hich was made on a small npiston
engzined helicopier. The trial sites were at Doscombe Dowmn anc at Idris.
Results were required for the following conditions

Vieight 1250-1600 1b.

Ingine speed 2900 . P.ii. = Qo

Al titude O-5000 ft. o
Tem‘perature IQS.-['.Q - I.!(‘-Ao +25 C.

The operating conditions relevant to the test were

linjmum take-of'f weisht +vi'h 30 minutss fuel, 1420 1b.
Maximum permi:ted tension in cable, 330 1b,

(The tension in the czble was restricted to a fizure such
that the helicopter weight plus the tension did not exceed
the maximum overleoad :.U.7. of 1750 1b, Thus under no
circumstances was there any advaatage in flying at anything
above the minimum take-off weightl.)

Ingine speed ranje, 2500-2900 R,P.iH, =

Altitude, approximately sea level

The paremeters for this test ars W/owz and P/bm;, (0 = Q/Qo). The

3r
cbject is to test over the necessary range of h/ 2. The extremes of this
range are
Maximum v cwz, at maximum weight and 5000 £t., L.l A. +25°C, = 1609 = 2090 lb.
0.7672°

Minimum wybmz, at minimum weight and I...A., sea level, = }Zﬁg = 1250 b,
1x1

Now, consider the values of W70m2 witich are likely to e available,
It is necessary Lo assume values of ¢ for the test sites and these were chousea ac
o = 1 for Boscombe Down (I.5.A.) and o = 0,936 for Idris (I.u.A. +209C). These
values are well belov the meximum temperaztures found at Boscombe and Iéris in
August and September when the trials took place but were chosen to allow for the
fact that the tests could only be mads in zero wind conditions aad these perioas
were most likely to occur early in the morning when the temperatures were com-

paratively low. The values of W)bmz available are then, using the full rotor
speed range, w = 0,863 - 1 (enzine speed 2500-2900 R,P.il.)

Boscombe - Idris
Maximum B9 . 230 1020 = = 250
1x0.863° 0.936x0.863
Minimom 3—-‘*-2—29 = 1420 __Mz,_gz_g_z_ = 4517.
11 0.936x1

/Mo
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Two points may be noted. First, the minimum values available are well

sbove that required: this is because the value of '/bmz = 1250 represents a
case with only a pilot on board whereas for the test an observer must be
carried &s well, Secondly, the maximum values obtained assume that there
will be enough power aveilable at the low enzine speed necessary to sustain

flight at hizh values of w/cmzz this may not be the case, depending on the
engine characteristics, but in this trial there was a net gain in using the
lower speeds., In practice if a sufficiently large range of rotor speeds
lower than that at which results are required is evailable this point causes
no difficulty provided that the tests are mrde in conditions vhere the maximum
power output in the area where results are required is aveilable., In this
case, this condition was met 2% Boscombe Down (I.%.4., sea level) and all the
resulis required could bLe obtained from these tests: the trial at Idris
provided only confirmatory resulis.

If the tesls were to have been made solely at Idris there would be douhd
a3 to vhat range of values could be obtained with the engine power available,
It would be possible to predict this in advance only if the power output of
the engine aand the power required by the helicopter in Lhe test condition was
known. The accuracy of the prediction would then denend on the securacy of
this information. In thic case, where the maximum power output cccurs at sea
level in given smbien? conditions results would have certainly been aveilsble
for temperatures greater or equal to the test condition at all alititudes.

. In general, if any doubt exists as to whether the required results will
be obtained, a site at witich the engine gives moximum power will provide the

. W .
hizhest value of /6w2, if lack of pover is likely %o be a limitation:
otherwise, of course, a site with a louv air density will give high values of

W 2 .
/ow” and vice-versa.

1.2 Level Flicght

This examgle is based on the same machine referred to in Hection 1.1,
that is, & small piston engined helicopter. Again trials were to be made at
Doscombe Down and at Idris. The power required in level flight was to be
found for the conditions

Weight 1250~1600 1b.

Engine speed 2700-2900 R.P.il, (Qo = 2900 R,P.M.)
Altitude 0~5000 f%. o

Temperature Tetehe = IT.%o8. +25°Cs

All the tests were made over as large a speed range as possible and
results were required up to at least 70 kts, Thus the possible altitude for
the tests might have been limited by the forward speed available but, in fact,
this was not so at the mexioum altitude at “hich tests were made of 5000-
6000 £+, The rotor sneed range available corresponded to engine speeds of
2500 to 2900 R.P,M. and, for planning purposes, it was assumed thet temperatures
at Boscombe Down and Idris would correspond to I.-.s. +59C. and I.n.A. +259C,
respectively. As will be shown the minimum weight requirement of 1250 1bh.
could not be met because this case arises with only the pilot on board and
for test purposes an observer had to be carried, The minimum practical
weight for test purposes {with 30 minutes fuel) was 1420 1b.

/The
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The paremeters chosen for the test were P/BVB, W/&, Ao and-?ﬂn. The

T
envelope containing all reguired combinations of L/5 and U?Vb is shown in
Fig. A.l, and is formed from a series of rectangular eavelopes. Each of
these shows the combinations for the weight and rotor speed ranges, at one
temperature condition and gltitude; four extreme cases, I.!..A., sea level;
I.5.A. +250C, sea level; I.E,A., 5000 ft, and I,5.A. +259C,., 5000 ft. are
shoun,

In order to show what 1s likely to be possible another dia_ram

(Fig. 4.2) was constructed shoring the combinations of "/& and “AS which
could be obtained under I.n.A, +59C, and I, .&, +259C, conditions, At any
given altitude, 1000 and 5000 ft. are shovm (1000 4. wes considered the
minimum practicsl pressure altitude for this trial), the combinations
available are containasd in a rectangle which is formed from the limiting
values of weight and rotor speed. The complete envelope is then formed by
all possible rectangles. It should be pointed out that in this example the
extreme limit of maximum weight has been essumed availsble regardless of the
operating altitude and, in fact, the fuel used to reach 5000 ft. was small
enough to be neglected. If, however, tests had Leen made at much higher
eltitudes an allovance for ihis factor would hcve been made when constructing
the diagram. Also shown in Fig. A.2 iz the envelope showing the combinations

of W}a end ®/¥0 required. It can be seen that there is no possibility of
I
obtaining results for the lower values of 1"/6. In the practical range of

W/S there is no difficulty in obtaining results at the lover values of w/JB:
in fact 211 the necessary flights could be made in I,~... +5°C. conditions.
This arises from the availebility of rotor speeds lower than those specified

for the results, At lhe higher values of “/Vo there is a gzp which can only
be filled by flying in cooler conditions than I,%,.. +5°C. Thus if a cool
day occurred during the tests it would be worth taking advantage of it to fill

this corner of the envelope., At the lover values of eﬁfb there is a large
area available which is not required to obtain the desired results and there
is normally no peint in flying tests within this area.

In order to show precisely what results will be obtained it is useful
to draw one other diagram (Fig. A.4). This is obtained from Figs. AWl and
A.2 and shows in terms of weight and cltituue whet resulis will be available
for I,...h. end T.%.A, +25°C, conditions at 2700 and 2900 enzine R,P.l. In
order to show the method of obuaining Fi:;. A4 parts of Figs. A.d and A2 have
been redrawn in Fig. A.3. To obtain Fig, Au4{a) consider Figs. A.l and 4.3.
At sea level results, for an cngine speed of 2900 R.P.M, are required for thoce

combinations of J/B and Q/JB which lie on the 1line A, X2, Only those from

X1 to X2 are available, Hence with 6§ =1 (sea level) the weight range for
which results can be obtained is from 1550 to 1500 1b. Now at 5000 f4. the
line on which results are required is I, X3 and it is seen that tests can

only be made to obtain the portion X4, X3: +that is weights of 1550 to 1600 1b,
et I.8.4,, 5000 ft. The lines correspondins to A, X2 and E, X3 i results are
required for an engine speed of 2700 R,P.i. are D, Y2 and Y4, Y3. At sea
level results betwean Y1 and Y2 can be obtained while at 5000 ft. the vhole of
Y4, Y3 i3 available., The shape of the line joining Y1 and Y4 (Fig. A.L) must
then be found and it may be obiained by joining the points D and Y4 (Fig. A.3)
by the apnropriate curve and considering the intersection Y5, At this point

w/5 = 1472 and, therefore, at an A.U.'. of 1250 1lb., & = 0.848: hence on
Fig. Aoi{a) ¥5 is a2t 4500 £t. The remaining cases shown in Fig. A4 are
obtained in & similar wmanner: <1lhe appropriate points are showm in Fig. A.3.

/It
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It is seen (from Fig. A.4) that very litile information will be obtained
for flizht in I.5. A, conditions at 2900 L.P.!l. with tests being madg in con-
ditions no cooler than I. .A. +5°C. oné this emphasises the need to take
edvantage of any cool weather durin; the trisl. For interest the line showing
how the resulis would be extended by testing in I...A., conditions is shown in
Pig. AL(a),

i
Finelly it 1s necessary %o decids at vhat values of /5 and w/fb tests
should be flowvn. Referring to Fig. A.2 it is desirable to cover & raange of

1.
"/& from the minimum obtainable to the maximum required. The values chosen
were 1500, 1700 and 1900: three values bein; considercd the minimum number

to allow interpolation. At each value of W/& flichts were made at two values
of ®A0 and in order to plot the resulis the values of “/A/8 must be the same

for each value of “/6. Thus the maxdimws velue wvas chosen as Q?VB = 1 since
although it is possible to 11y at a higier value at the highest value of

w/§>, at ' /5 = 1500 even A0 = 1 implies choosin: a day slichtly cooler then

T.u.i. 4+5°C, for this particulor test. The lover value of ®//8 was chosen
28 0.89. These values were apvropriate to temperate flying but, oLviously

it was not possible to fly at EVVb = 1 in Idris., Thus for the tropicel

flying m/JB = 0,96 and 0,89 were used. Since the value of 0,89 was used
in both temperate and tropical conditions the resulis would be expected to
agree exactly and thus provide & check, and assumin~ that this wvas the case
the results at 0.96 could be used with the temperate resulis to nrovide

data at three values of /6 for cross nlottinc.
1.3 Vertical Climb

The triel will be planned for e hypothetical helicopter bearin; some
resemblance to the 'Scout'. Vertical retes of climb are required at maximum
available power for the following, conditions

1, Altitude, O-7000 ft,

2, Jeight, LO00-5500 1b,

3. Temperature, I. .4, - I,L.% +30°C.

4+ Rotor speed, 400 R.P.H.

Al up weisi:ts of 3700-5500 1b, and a rotor speed reage of J80-400 R,2.IL
will be assumed available, The tests will take the form of reduced vower
verticals ond it will be assumed that the tests will be n.de in still air or,
alternatively, corrections are available to reduce results obtained in light
winds to still air values.

For convenience the performance at three conditions of temperature,

corresponding to "4 . .0, I..eds +159C. and I, .. +300C, will be investigated,
but any numbe:r of intermediate noints could easily be included.

/First
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First it is necessory to consider the power evailable in the various
climatic conditions for which results are required. From manufacturers curves
or from the results of prior engine calibration tests a table, shown below,
may be drawvn up showing the porer available at a convenient number of altitudes
and temperatures, together with the type of ensine limitation in each case.
The relative density, o, is slso noted for each point.

| Temperature | I.5.h. I.5.0. +15%C, ' 1.S.4, +30°C,
Altitude (f£4.) | Power ! o Power . o i Po rer o
-~ 1 :_
0 685 1.1.000 | 685 ! 0.950 | 676 | 0.905
3000 685 0.914 685 0.869 618 0.827
50C0 685 | 0.860 { 685 | 0.317 ! 829 | 0.778
7000 (85 | 0.819 | 685  0.769 | 610 | 0.731

o A e bt (B

I Type of Lngine
Limitation

Torgue Torque Temperature

] 1
IN

" Table 1, Pdwer lveilable and Relative Density

Thus Tor I.Y.A. and I.%.A, +15°C. the engine is torque limited and the
po--ers quoted correspond to 400 R.R,P.l. A temperature limitation applies at
I,0.45, 'l'jo C

The parameters W}bwz and P/bw3 #ill be used to define the flight
conditions for the vertical climb tests and the next step is to obtain an

. .
envelops which will contain all the combinations of h/ch and P/bw for which
test results must be obtained to cover the ranges of ilhe dlmen31onal parameters
for which rates of climb are required.

A diagram shoiring, the envelope of the non-dimenasional paramsters for
three different temperatures is showm in Fig. A.5. If the form of this
diagram is not obvious for eny particulcr example, it mey be obtained from -
the type of Weble shovm below. TFor each temperoture the weirht and power
perameters corresponding to a range of altitudes cad weights are calculated
and set cown in a s7stematic fasnion:

/Taeble 2
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Alt1tuge TERDETOTUYS| T.50Ae | Lok 4150, b T.c,A, +30°C, |
(£%) Veight (1b) 4000;4500%5000 55004 4000} 4500 5000 5500 4000 145004 5000} 5500
o | B ~ !
“/csw2 4950] 5560 6180 6300{5210{5850 6500'7150 547016160 684017530
2000 |
Praw?. | su7) eu7) su7| su7| ss1f 81| so1| sonl 835] 835| 835| 835
W/ovm2 1650|5230 5320 6L00[4890|5510| 6120|6730 5140{57901{ 643017070
5000
Pran® | 796] 796] 796| 796| 838] 38| 838 838| s0s| 809| go9| coo
W/cno2 4380]1520] 5470|6020} 451.0{5180|5760]6330| 1,31.0| 544.0{ 6040{6650
3000
Prawe | 9} 9] 789 79| 798| 788] 7881 708] 78| 784} 7BA| 8L
T/ow® 14000145001 5000] 55001 422014730 52601 5790} 1120} 49701 5520{ 6080
0
P/’ | 685| 635! 685) 635] 721! 721| 721, 72n| Terl Mt MeT| AT

Table 2, Non-dimensional Parameters

' "

, The limits ol /om2 and P/csm3 are seen to be 4000, 7530 and 685, 891
respectively, These results may now be used to construct Fig. A5. lote that
. the tsides' of the I.o.i. +30°C, envelope are curves due to the engine character-

istics.

Fig. A.5 shows the combinations of w)bmz and P/bm3 for whick 1t is
necessary to obtain results in order to predict performance in T.S.5., T.l..l
+159C. or I.%.k. +30°C, conditions. It is now necessary to find out either
(a) the cheracteristics of a site or sites which will allow these tests to be
made or (b) what results will be availeble if tests are made in given ambient
conditions.

‘ Starting with (a), assume for the moment that the characteristics of a
isite to obtain resulis {or L...., conditions are required. As a starting

point the maximum value of ¢ for which the highest values of W)bmz and P/bw3
can be obtained will be found., & lower value of o would allow the hichest
values of v dw? and P/ij to ve obtained but would reduce the possibility of
covering the lower velues of W/owz and P/Uw5. From Fig. A.5 the highest

value of ﬂ/cwz is 6800 and therefore o = w76800&2. The hiszhest value of
o is with the lowest rotor speed (w = 0.95) and the hijhest weight, 5500 1b,

Then ¢ = 0.897. The highest value of P/cm3 is 847 and hence ¢ = P/Blﬂw3 . If
the engine is torque limited P = 685w and o = 685/8&7w?. £t the lowvest rotor
speed o is again 0,897: +the fact that the relative density is the same for

/the
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the highesat values of both W/cm2 and P/ij arises from the engine being torque
limited in both the standard condition and in the test condition. If the engine
is not torgue limited the power available will depend.on altitude and this case

will be considered separately, The limits of W/cw2 end P/bw3 may now be found
for ¢ = 008970 - ‘

Thus Maximun "fow? = 2999/0,897 x 0.95° = 6600, Hinimum "Yow® = >/°°/0,897 x 12 =

4,120
Maximum P/om3 - 685 x 0'95/0.897 X 0.953 = 847, Minimum P/om5 =0

It is now necessary to establish which combinations of these parameters
can be flown within the permissible weight and rotor speed ranges. Results are
shown (Fig. A6) superimposed on the envelopes shown in Fig. A.5. Fig. A.6 may
be constructed as follows, Consider the line on vhich the mrximum velue of

Y/ow® is constant (i.e. "Jfow® = 6800). On this line @ = 0.95 and the maximum
value of P/amj is 847. DNow consider the line of constant P/bwp = 8L7 on which
® = 0.95. The miniium value of "Jow> = 27°0/0.897 x 0.95° = 4570. Next
consider the line of constant P/6m3 = 685 (this being the minimum velue of

F/ow’ required). The rotor spsed may take any value within the permitted
range and therefore the minimum velue of v cmz = 3700/0.897 x 12 = 4120, TFinally
consider the line of constant q/cmz = §120: on +his line w = 1 and iherefore

the maximum value of 3/bw} = 68?/0.897 X 15 = 764. These points then define the
envelope of available combinations of parameters st o = 0,897. 'It can be

seen from Fig. A.6 thet the possible combinations will allow the prediction of
results for most I, .A. condition: only those L. ..A. cases in the shaded area
to the left of the line A-B are excluded., To see exactly what combinations

of weight and altitude are not covered it is useful to construct another

diagrem (Fig., A.7(e)) showing the boundary of results obtainable in the I.\..,
condition, This boundary corresponds to the relevant boundary on Fig. A.6,

that is the intersections of the boundary lines showing.what values of w)dwz ard

P/cm3 are available vith the envelope containing the required combinations of
these parameters., It shows for exactly what combinations of gltitude and weight,
results can be obtained for I.h.A, conditions by flying at ¢ = 0,897 with the
engine torque limited. TFig. A,7 indicates that it will also be possible to
obtain some results apnliceble to I.%... +159C. and Y.!.4. +300C.; their extent
is shown in Figs. 4.7(b) and A.7(c).

Fige L.6 8180 shoi's that it is not necessary to test at cll combinations
of the weight and pover »arameters: only those wivich lie within the X.».A.
boundary if only I.L.A. results are required, etc.

As yet only the relative Gensity of the trial site has been defined,
Transleting this into combinations of altitude and temperature a site at
3600 ft,, I,:.A. or 1900 £%., I. .2 +15°C, etc. would be suitable.
Obviously it will not usually be possible to find e site which meets {these
requirements exactly but havins selected an optamum it is a simple matter to
predict the range of results obteainable at any site. In general a hotter

/end/or
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end/or higher site (lower relative demsiiy) vill yield resulis at hish weights/
altitudes and vice~versa, These remarks only, so far, apply to sites where
the engine is torgue limited., To see the effect if some other limitation
applies at the trizl sate consicer a site at 300 ft., I.S5.A. +309C, The
relative density is 0,897 as before but the power availcble is reduced to

673 II.P.  Dince, however, the engine will still be torque limited at low
rotor speeds (380 r.r.m.m. ¥ 651 H.P.) the existing envelope on Fiz, A.5 will
be valid at rotor speeds less than 393 r.p.m. Chan,es for rotor sneeds above
this value are shown on Fip. £.6 and it is seen thet there will be no changs
in the results obtained. This is, however, not & zeneral result and each
case must be examined separately.,

If 3% is considered necessary to obitain results for the I.8.A,
conditions not already covered i.e. low weights combined with low zltitudes,

& secomd site must be found to eaable Wybwz = 31000 to be obtained. Suitable
sites will be discussed at a later stage.

A site condition to allow a complete set of results to be obtained at
«Ledo +15°C, can be found in the same way as that for the I.S.A. case. As
for the I.3.A. condition, the en;ine is %orque limited and as no new points
emerge this case will not be examined in detail,

’ To obtain results for the hish weight, high altitude region at I.%.A,
+309C, an even smaller relative density of 0.8l is needed and in this case is

‘defined by the maximum value of w/cw? (7530) required. Results are shown

for this case assuming full (torque limited) power available, and slso for a
site at 3650 ft.,T.% + +30°C. (i.e. 0 = 0.81) where the engine is temperature
|limiteé. In this case the power availcble is 642 H,P. and the engine is
temperature limited over the entire rotor speed range. Hence the meximum
value of the onower perameter is sli:htly reduced but since the relative density

was defined by the required valus of W)bwz there is a large reserve margin for
P/cw3 and no results are effected.

Two specrfic cases will now be considered. Tirst, testing at Idris
(assumed pressure aliilude, 400 £t.) where a temperature range corresponding
to T.5.4, +10°C, to I.s.iL. +259C, is availoble durin., the day. I. .A. +250C,
at 400 ft. corresnonds to o = 0,908 and the engine is torque limited. In
Fige A7 the lines drawm for o = 0.897 will give a2 good indication of the
results aveileble and it is seen that full altitude coverage cannot be obtained
for any of the ambient temperatures showm. No tests, apart from checking, are
needed at o< 0.908 but, in fact, at I.'.A, +10°C. {0 = 0.957) a large part of the
renge of non-dimensional parameters can be tested. The lines aporopriate to
o = 0,957 are showvn in Fig. A.7.

If a trial were being planned the next step, having obftained and accepted
an overall view of whait results can be obtained, might be to select the combi-
nations of parameters at which it is desirable to obtain results on the trial.

The following list might be eppropriate in this case and has been dravm up
using Fig. A.7. ~here it is possible, the test values exceed the regquired
values slishtly.
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s S L)

P fow’ 680, | 720 760 795 I 820 | &0

3900 4100 4300 500 4700 4800
1325 4550 1 4025 5075 5225 5300
Ome 4750 5000 5350 5650 5750 5800
5175 5450 5675 : 6225 | 6275 6300
5600 | 5900 | 6400 3(’?3???““ 6300 | 6800

. —

Of these all to the left of the solid line can be flown at I,5,A, +10°C.
The combinations shovm represent e minimum, and more may be necessary
especially in regions where the performeance is marginal. Obviously results
would be plotted at the triel site and tests flown os necessary. It would
be useful to prepare in cdvance e table showing what combinations of paraneters
could be flown at any given ambient temperature.

In addition, flight data, ghowing the variation of rotor speed and power
with weight, must be availeble for each combination of the non-dimensional
parameters to be tested.

The second example will be testing in France where a range of airfields
ere available et various altitudes up to 10000 ft. Two site temperatures
corresponding to I.'.... and I.S.A., +15°C, will be considered. Taliing I.5..i.
first; to cover the high weirht, altitude 'corner' of the I..3.1i. +300C,
requirement o = 0,810 is needed, which corresponds to a height of 7000 ft.

In order to allow for the low weight, altitude condition 0,975 202 0,905, and
the corresponding altitudes are 900 £t. to 3300 fit. Thus two teat aites are
needed, one at or near 7000 ft. and one between 900 f+4. and 3300 f+. The
high altitude site could be hisher than 7000 ft. but if it is the reguirement
for the second site will be altered., In I...h. +159C. conditions the
corresponding altituces are 5200 ft. for one site and from sea level to

1600 £t. for the second,

If it is impossible to vary the rotor speed of a partifular helicopter

the triel must be nlanned using different paremeters, ﬁ/d and Poe/wj/z. The
basic method will be similar to that Jescribed for the variable speed rotor
machine and results {or the same helicopter as used hitherto are shown in

Figs. A.8, A.9, 4,10 and A,11l, These are for the same values of ¢ used in
previous cases to emphosise the differences in the ranges of results obtainable.
It i3 seen that far fewver results are aveilable for a given value of o and in
no case can results for all the I.o.A. +15°C, altitudes or I...A. +30°C. con-
ditions be obtained, at the same relative density as that when the rotor speed was
variable. Another point of interest is thot once the engine cannot supply the
maximum permitted torque at the nominal rotor speed the results are effected
imnediately since the rotor speed camnot be reduced. Results of this are
shown in Fig. Al for the I.0.A. +30°C, test sites considered for the variable
rotor speed case; the appropriate lines have been omitted from Fig. A.9 for
clarity, but are of similar form to those showl,
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A Method of Calculating the Dffect of a Change in
AU.U. on Vertical Climb Performance

This calculation is necessary when a test consisting of reduced

power

verticals! is planneC for a helicopter with a fixed rotor speed, to assess

what change of weight cen be permitted before ballesting (to restore

the

AU, 1o its nominal value) is necessary. The non-dimensional parameters
v

for this test are

)

and rewriting equation (6) with V=0
1

% 3 vo® - 3/2
Po?  _ vo* 1 <ﬁ
b+ BPo 93R3 As 39 CD

Aol
w2 @ e
z 1

where ?32 = ZEP 7 e and CD =¥ (g)

W O K‘\YCT2 /WE' + VCO"? /Vﬁ)

Solving the induced velocity equation and substituting into A.1

1
4 k-3 | omn—p——— g et
T VO 2 ~3/2
P2 c J v @ Xk .1 3
W§7— .“*?* + (%. q“ + 2hp + 3 Po Q3R As pd CD A2
! o
e
Two czses will now be considered
1
V'c’o2 2
(1) If 5= >> {ZFe===) .  This i3 usually itrue when the rate of climb
2Ap 2 WQ_
is less than 500 ft./min. Then for two conditions, suffix 1, 2 the change of
Vv, at constant PGE/W3/2 is
Ao3

o? i C ]
) (vy =% po MR as | -2 2L J
w2

W* 1 - W, 2 (i),

‘assuming that k remains constent. Cj is a function of ?/o'and may be known.

If it is not known there are two alternatives. ?irst, CD may be as

vV o2

sumed

constant: <this results in a larger change of —%:— than actually occurs since

We
CD falls as W/o'decreases, and this is, therefore, a safe course.

an empirical formule may be used, These are usually of the form Cp

/+ f

secondly,

= constant
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do.

+ £ ('5,) and one typvical of a 125: thick symmetrical section is CD = 0,00883 +

0.0226 (
Po
than that given by any such formula since this simply increases by the same

2
. ¥ + A safe course is to assume a drag 10 or 20,: larger
a’r%as O i

emount the change of 002/1«’2 for a g:.venn change of /o'.

Vo2

(2) 1f -2%—10— is not large compared with (—:‘g. -9-_r_-) o« It is then difficult to
) .

treet equation A.2 in the way shown above and the best method is to differentiate

(v 0'2/572) w
A.2 to obtain ——aW-)— Then for changes of /o not exceeding 5,. it may

be assumed that

1 1 11
v V &2 (v o2 /iR) ,F'Q Q]
¢ c - c v, _(¥
(_r:5>1-<l2_ W - L\o/1 2 A

W we 3(" /o)

B(VOO%/W%) o WR7As | 20D 200,/2("/0) 7]
From A.2 W = (W/ G)Z (W/a)
/o) v of I/ = 2
(w/o‘)2 Ll / N (Vcoz /721’?%> + ﬁl?:__
\ oy

Again some knowledge of the blade drag is neceasary and the suggestions
aC

3("/c)

made above still apply. If the drag is assumed constant = 0.

ForC = 0.,00883 + 0,0126

oy QZRZAS I>

acy, 2
— = 0,0252 (7——:)
a(w/o') poﬂzﬁzA

W
If changes of /o in excess of 5% are considered equation AL is no longer
valld and the fom

(-G 2 [, 0] 2h

a( ¥/a) Iz

(-6

should be used. From A2
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- 3 -
o n3 3, L_ c 3acD/a(w/cj ) 2ach/a(w7bﬁ2 —
P EfE) (v/cr)3 (7/)” ()
2(W/)° —a-: F P+ |
_ 2w2 \[<% /éwe> E%E:.J

and from the equation for blade drag quoted above

o°cy 2
= 0,0252 (?—-————i)
a(w/bjz poQZRzA

Since there is little extra 7ork involved in evaluating the second
differential coefficient once the first has been found it is probably

worthwhile to check its value even if the change in W/d‘is less than 5;:.




FIG. |.

(HawW) sV
o6 os oL o9
i I I 1
(Do) IUNLVHILWIL LNIIGWY (8 mnv
os ot o€ lor; ot o 009t oSS! olel=] oS o0 oss<!
o
NPT (N L
Qosz2 4\1[ AN 000!
\ <
b3
Oose &0 3 Qoo2
Py
<
\ 5 /
z
o
0oL x o) O0O0F
E, h.rﬂ\
Wdd  IENLVYHIEWIL IAILYIRY = 8 : 3 "D ()
INION3 CO62/Wd ¥ INOBNT = ok “ 3an 111y
G234S HOLOY IALYIIY = O o1 N IWNSS3IVd
o)) o Mf N
folel=F: o < ocoob
°
ENSS3IYd
AANLVIZY 2 3
\ M CRIFR s
ooge NPT A no/ / olale)]
_ N\

5960 o §o 8 w§ /YUY dav

SAAMONA o V2 NIvHL

DIAGRAMS SHOWING FLIGHT INFORMATION REQUIRED IN LEVEL FLIGHT
TRIALS FOR A SMALL PISTON ENGINED HELICOPTER WITH VARIABLE

ROTOR SPEED,& W5, “//5 CONSTANT.

JY3g/22E/HDIL  L2SF ©



w
X
w
w
M
n
@

TECH/322/PERF TRAEN CH P KNOWLES APP  /Z7Z/for So P 10965

~N

o WeA LW (LB)
&2 O =RELATIVE DENSITY
¢ 0-95

n o w

\,,;
KY

AN
N
o

. \\\\\ °\\
T S

oo 085 N Q 20

o

o715
1350 400 14-50 150Q IS50 I8Q0 O 1500 2000 000 4000 5000

AUW (LB) PRESSURE ALTITUDE (FT)

LHOIT4 T13AIT NI AYINOIE NOILYWHQANI LHOINY ONIMOHS SWYHOVIQ

'd33dS YQLOY Q3XId HLIM ¥31dODIT3H G3NION3 NOLSId TIVNS v ¥04 STvidl

‘¢ Old



SKB3s29

AINVLSNOD z™%/m 8 ‘g33dS

JO10Y NGVIIVA HLIM Y3L1dODIN3H Q3NION3 NOLSId TIVYINS Vv 804 STIVI¥L
LHOITd 13A3T NI a3WINO3Y NOLLYINYHOANI LHOINd ONIMOHS WYHOVIQ

TECH/322/PERF

TRAEN CH P KNOWLES

APP

ENGINE RPM

L~
\ \ 0= RELATIVE DENSITY
O | Q 1O
e I,
U)"‘" - e/e
% & \ A
b S,
o)
3
/ A
0-95 0 85 N \1,?0
W= Auw (LB) Je ®
O = RELATIVE DENSITY \QJ
W = RELATIVE ROTOR SPEED | o
x ENGINE RPM/2900 x—q——\-—-—- ﬁ\ \[\
/o/so / /1‘ 080 \ | \\ |
452 / 2 \\
£ / b
,;\d / 20
/ “ 1 oee 4 78 A ) h
/ / / l I\ 30
0 80 / / 7 : \ 40
o080
I f N N
‘l,'.?'Ooo / Y
aId‘p
075 / 075
1450 1500 1550 1600 o 1000 . 2000 3000 4000
AUW (LB) >500 2700 2500 PRESSURE ALTITUDE (FT)

5000

Ahs §or Sof P @ 265

€ 'Ol4



'‘@33dS YOLOH ANV FWNLVIIAIL ‘3ANLILIV ‘M NV 4O SIONWY

A3¥NOI 3HL Y3A0 SLINS LIIdFId OL 379V 39 OL g3HINO3Y 3V
SLINS3Y 1S3AL HOIHM Y¥O4d £/ 8 S/m 40 SNOILYNIEWOD ONIMOHS WYHOVIQ

SK B 3630 TECH/322/PERF TRAEN CH P KNOWLES APP 4/ for S, 10265

NOTE THE ENVELOPE SHOWN
1S MADE UP OF RECTANGLES,
| o5 EACH OF WHICH CONTAINS THE
COMBINATIONS OF W & %5
NECESSARY TO PREDICT RESULTS
X3 FOR THE STATED CONDITIONS
THE FOUR EXTREME

!
+¥———— 15 A 5000 FT RECTANGLES ARE SHOWN
TYPICALLY, FOR |5 A+ 259

\SA SI./ 5000 FT AND IS A SL CASES,
NN S N RTR? LINES A X2 &L4,L3 REPRESENT AN
?‘( AVA R\\\ \\ INCREASE OF A UW AT CONSTANT,
= A I e MAXIMUM ROTOR SPEED; LINES X2,Y2
{/ t\m\ N '\ Y3 2(3,M3ADECREASE OF ROTOR-SPEED
_ __....( _/_/ Y \
1S A+25°C, 5000FT
I\X > A DECREASE OF A U WAT CONSTANT,
15 A +25°C, S I _3' _LXXX &\\( MINIMIUM ROTOR SPEED&KLINES DA
c 233 33 L LTI R T LTI TR TR LR N R R R TR NN \\\\l\\l;\ﬂxl.mﬂiﬁz SPEED AT CONSTANT A U w.

R RNy T Ty ey yr rrryryryrrrrrr’y

\

s

L

|
\a\\*\

K

Q-85

o
R
7

AT CONSTANT AU W, LINESYZD BM3, M4
M4 & ™M 4 L4 ANINCREASE OF ROTOR

Ce

W= AU W(LB)

6 = RELATIVE PRESSURE

@ = RELATIVE TEMPERATURE

0 8s W = RELATIVE ROTOR SPEED
: ENGINE SPEED(RPM)

2800
RANGE OF W 1250-1600 LB
RANGE OF ENGINE R PM

o8 : .
1200 (400 18CC 1800 W (,_5) 2000 27100 -2900

TEST LEVEL FLIGHT WITH VARIABLE ROTOR SPEED
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]
RECTANGLES CONTAINING
RESULTS AVAILABLE AT NOTE  THE AREAS LYING
1000 FT AND |50Q0FT WITHIN DASHED LINES CONTAIN
. ) ) - COMBINATIONS OF W5 &Yr5
I \ 5 A+ 5°C - e FOR wHICH TESTS RESULTS
T 2500 RPM ARE REQUIRED FOR DETAILS
l (8 A £258°C 2000 RPM.L SEE FIg Al
]
| W oz AUuW (-B)
. § = RELATIVE DENSITY
l s | & ® = RELATIVE TEMPERATURE
'e] {f, o) w ='RELATIVE ROTOR SPEED
‘9 g ? z EMGINE SPEED(RP M)
P o ® 2800
| —_— T
I ] ] — -1t
P RANGE OF VALUES
o AVA|LABLE
& 1SA.+ |5°C
' RPM W' 1420 -1800 B
| VALUES OBTAINABLE LIE 2509 ENGINE RPM  2500-2500
INSIDE SOLID BOUNDARIES .
15 A |+25°C
Z500 RP M
1200 1400 1800 (8O0 wg (LB) 2ooo
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6 £ / | Z4 __ - — x4
e I X3,23
10 A AT
X2,Z22
Ls] b4 | L3
1
B | Ll L2
095 ysL—Y4 1 Y3
o_‘-—-/ Y2
Yi
M M4 M3
L e M2
fl-comsm».-nons oF W& AND Wi/E AVAILABLE, IF TESTS ARE
MADE IN 1.5 A.+ 5° CONDITIONS, LIE INSIDE I
THIS BOUNDARY __1___——-—-""'—4
085
0-8
1200 1400 1600 1800 W/ (L8) 2000

TEST: LEVEL FLIGHT WITH VARIABLE ROTOR SPEED,

LINE | SHOWS RESULTS REQUIRED

AT
A, X2 (1.5 A, S.L 2900 R.PM
D, Y2 |1.S.A,S5L.2700 RP M
E, X3 | 1.5.A,, 5000FT 2900 R.PM
Y4,Y3| 1 S A, SO00FT 2700 R PM
B,L2 ]1.5.A,+25°C,C L.2900RPM
C,M2 {1 S A4 25°C,5L 2700 RP M,
L4,L3| 1.5 A+ 2%°C  5000FT 2900 RPM
M4, M3l | S.A+25°C, 5000 FT 2700R.PM
0,Y4 |1 § A2T00RPM. W=1250 LB
B,L4 || S A+25%, 2900 RPM W=1250 LB,
C,M4 11 S A.+25°C, 2700R PM W= 125018
W= AUW (LB)
6 = RELATIVE PRESSURE
6@ = RELATIVE TEMPERATURE
w = RELATIVE ROTOR SPEED

= ENGINE SPEED (RPM)

2900

NOTE THE PURPOSE OF THIS

FIGURE 15 DESCRIBED
IN SECTION A.1 2
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