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HELICOPTER HOVER PERFORMANCE ESTIMATION
COMPARISON WITH UH-1H IROQUOIS FLIGHT DATA

by

M.J. WILLIAMS and A.M. ARNEY

) SUMMARY

v The hover performance of the UH-1H Iroquois has been ) ._.-;
estimated under a variety of operational conditions using POLARZ2, a ':,._\j"\-_. .
program based on blade element theory, This program is an improved '-;._:;-;
version of POLAR, a program previously developed at ARL, which did .::.r:.-:,._,
not allow for compressibility effects, The occurrence of these SN O
effects in a hovering situation is discussed, and a relationship _‘% ;
allowing for such effects has been derived and included in POLAR2. A
Other improvements, designed to make the program more convenient to _-_.\rf:-:_\::
use include the calculation of tail rotor performance together with ',:;:.}
variables such as tip loss, air density and Lock number which were ,;.ﬁ,:,)
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previously input. The role of the induced velocity factor is also

discussed. Finally, comparisons of estimates using POLAR2 and ARDU o

flight trials data for the UH-1H are presented. s N
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. . -$‘-'\:,\
B tip loss factor BTN
o 2,0n13 MU
CP power coefficient, P/pwR™(QR) :\:\*\E\
! Cr thrust coefficient, 'I‘/p1rR2({2R)'2 m
, » .
Foik fin blockage factor Eé;:;tj
I blade mass moment of inertia about flapping hinge -QJQ«.-,“:’,"E
AL AT AN
Mo blade tip Mach number at compressibility onset _‘;:_’_. :'_:4
AR %
Meip blade tip Mach number "5-:*‘-"—4
- I
AM Meip ~ Mo E.{.)-:.::
N2 gas generator angular velocity (rpm) ‘:C:ﬁ‘:‘:
:\‘:\*\."x
P power ,-;}\::&"
S
Q torque absorbed by main rotor, P/ Q '»;—:f-.- \
R main rotor radius 2 -_:::;
AN
T rotor thrust ‘,-_:;::::.:\
PG )
(TTR)NET net tail rotor anti-torque thrust required to balance main :.-::.-';'.-:
, rotor torque '.,':':(."i‘rf
YA main rotor height above ground -\,g,.
AU AC A
- a blade section lift curve slope ;::,‘.;\j,',
A Y
b number of main rotor blades Q.-::.-‘;-
..“‘_‘_-I‘ >,

‘ c blade section chord E\lh\n::l:*
Kn induced velocity factor at hover Wt 3 as
}, Kind induced velocity factor, (Pi)actual/(Pi)momentum
E lTR distance of tail rotor from main rotor shaft
' Q angular velocity of main rotor
: a1 270) angle of attack of main rotor retreating blade at tip
. Y Lock number, pacR”/I
5
: u advance ratio
i v induced velocity at rotor
' P density of air
L o blade solidity; ratio of blade area to rotor disk area,

y
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1. INTRODUCTION

The hovering performance of the UH-1H Iroquois helicopter has
been described in References 1, 2. Flight testing was carried out by
ARDU for a wide range of operating conditions in Australia, PNG and Irian
Jaya at density altitudes up to 12000 ft. Power consumption was derived
from torque meter readings which were converted for presentation in
nondimensional form, CP vsS CT' Data were obtained OGE and IGE at a skid
height of 3 ft with a view to formulating procedures for estimating power

mabgins required over and above IGE values.

Following these tests a simple calculator was developed by ARDU
for Service use, from which torque requirements for flight under varying
conditions could be obtained rapidly. Later tests by Mackerras(3) under
similar conditions confirmed the accuracy of the ARDU Performance

Computer.

More recently the ABS-RW Group at ARL has been involved in
performance estimation as part of tender evaluations of prospective
helicopter acquisition by the RAN and RAAF. A simple program 'POLAR' has
been described by Arney(u) which is based on blade element theory but
makes no allowance for compressibility or stall effects. However, an
indication of the likelinood of stall is output so that a manually applied

correction may be made to the calculated profile power.

Comparison of 'POLAR' with flight results has shown good
agreement at low thrust coefficients but underestimates at high tnrust
coefficients, For this reason the program prediction of torque margins
compared with those given 1in Reference 3 1is in error at the higher

altitudes and AUW (high CT).

The purpose of this Memo is to show results produced by an
improved program 'POLAR2' which corrects these deficiencies, in the
next scction evidence of compressibility effects is noted in the flight

data and the derivation of a simple expression to account for this
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additional paower loss is discussed. Other improvements incorporated in

POLAR2 are discussed in the next section. Finally, predictions of POLAR2

WA &

(W' WL

are compared with flight data for hovering both OGE and IGE for a wide

range of loadings and atmospheric conditions.

}f 2. COMPRESSIBILITY EFFECTS AT HOVER

<

™)

> Examples of flight data from the ARDU reports (1,2) are

reproduced in Figures ta, b for the OGE, IGE cases respectively. Due to

Ty
s

the difficulty of performing hover tests there is a fair degree of

I

»
RN

experimental scatter. The 'pessimism' curves represent the upper limit

y .,f:',:' 'l
4,

l,l
L4

of the data i.e. maximum power likely for a given thrust. On the otner

hand, the mean curves were fitted and used by ARDU to form the basis of

»

S

»
5%
v o

the ARDU Performance Calculators, especially prepared for engines of DPTV

l"l
5

NAA  NAARNARIY
.’v
-

;* from 58 through 64. fﬁ I
: LA
. ‘ Figure 2 shows a comparison of POLAR with the mean curve fitted ai“ y

&: to the flight data of Figure 1a. Like many performance programs POLAR Eﬁi

ﬁ; requires an empirically based value of the induced velocity factor, Kind® Eisj

o which is wused to modify the induced velocity as given by momentum ::::

theory. In this manner, the induced power losses arising from 'non-

A
e

:t ideal' inflow conditions are approximated. As described in Reference 4,
f: POLAR set k;., equal to 1.30 for any hovering helicopter. Figure 2 shows
ES that by adjusting POLAR to use a value of kind = 1.22, good agreement can
!. be obtained at conditions of low thrust and power coefficients, where
ES stall and compressibility effects would be expected to be negligible.
:: Further comment on the use of k; 4 1is given in the next section. As can
:; be seen in Figure 2, with Kind = 1.22, the estimate of power coefficient
:; becomes progressively worse as thrust coefficient 1is increased. The
:: ‘ additional power increment evidenced by flight data suggests the presence
g of compressibility effects, as blade angles of attack are well below
¥ X stall.

3

B Keys(S) presents data for the nover situation (reproduced here
H in Figure 3a) which gives the power increment arising from compressinility
"y

T

F--
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as a function of CT/o (average angle of attack) and tip Macn number,
Figure 3a shows a comparison between results given by vortex theory and
CH-47 test data. The latter show a delayed Mtip effect which is ascribed
to the relief afforded by three-dimensional flow at the blade tips.
Reference 5 suggests that the experimental data should be applicable to
other Dblades of thickness ratio in the 10-12% range, therefore an
approximation to these compressibility power increments has been derived

for use with POLAR2 as is shown in Figure 3b.

In the case of the two-bladed UH-1H main rotor, the tip speed
is higher than most multi-bladed helicopters. An indication of the range
of tip Mach number experienced during the ARDU flight tests is given in

Table 1 below.

TABLE 1

Effect of atmospheric conditions on tip Mach number for rotor
speeds used in UH-1H tests (References 1, 2)

Atmospheric Conditions Tip Mach Number

Altitude 0.A.T Speed of N, = 6400 rpm N, = 6600 rpm

{(°C) Sound RRPM = 315 RRPM = 325

(ft/s) 2R = 791.7 ft/s 2R = B16.4 ft/s

ISA
Sea Level 15 1116.4 0.709 0.731
5,000 ft 5 1097.1 0.722 0.744
10,000 ft -5 1077.4 0.735 0.758
ARDU tropical
atmosphere
Sea Level 28 1114 .1 0.694 0.71v
5,000 ft 18 1122.7 0.70% 0.721

10,000 ft 9 1104.1 0.717 0.740
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From Table 1 it may be seen tnat under many flight conditions
the tip Mach number exceeds My» the onset Mach number, as given by Figure
3b (top curve). For the flight data of Figure 1a, C_/¢ varies between

T
0.05 and 0.08 corresponding to an M, variation from 0.72-0.68.

o

IRRRERE T AA

K .
*. PRl Y
AT A
The effect of OAT, inasmuch as it influences Mtip is summarised ) :
N AGAL
ve . A
in Figure 4. The solid lines are power vs thrust curves for the UH-1H -;‘:‘,;x
N NS
obtained for different but constant OATs. Compressibility effects alone -:}.';i‘;
n"a"nts

account for the divergence of the curves. Also indicated is tne locus @
:: taken for constant AUW and varying altitude for an ISA+5°C atmospnere,. A ::"
v, e
::: rapidly increasing power increment is shown as Mtip rises with decreasing _‘:
E temperature at higher altitudes. .
o
- IR
} 3. PERFORMANCE PREDICTION PROGRAM - POLAR2 \ NN
- o -': o
v ;3.::-.:_:'.;,'{
. UGN
5 The main deficiency of the earlier program POLAR has been :‘-:,-‘\-"‘_:'_-:-'
. 'Y ./t;j':
rectified in POLAR2 by the addition of a profile power compressiblity o 4
. RERERE L
o factor based on the data of Reference 5. This was fully discussed in AN
[JAFEN B A A
i~ Section 2. Before demonstrating its effect on predicted performance, \\;\;::‘
I A
'i‘ several other improvements which have been included in POLAR2 are ::':\i:
A A
- discussed below. A )
Fo S
)
r - i
r:: 3.1 Blade Tip Loss Factor :-,,.j-;.:_.: .
':! ':'.‘:".\'- o
- SR
F_ The blade tip loss factor (B) is no longer input, but is now
;: calculated from the expression below:
<€
v
<
't v/2C
> B-1- —L
- b

L
t.e.

(A HP o S

3.2 Lock Number

The Lock number at sea-level, ISA conditions (’SL'ISA) i now

input and the prowsram calculates the Lock number for the given atmospier.e

condition ( v ) from the expression below:

SRR IR RN TR R
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3.3 Atmospheric Conditions ;a;fﬂﬁz
PO A

o SN

As described in Reference U, atmospheric conditicns were found n?agsti

CACNON S

from the program 'ATMOS', the relevant density being then input to i{fti}?
POLAR. The program POLAR2 now includes 'ATMOS' as a subroutine to .ﬁC:C:Qj
AN

calculate density and the speed of sound for the given conditions and for kb
o —a

a variety of Standard Atmospheres. el
RSN

.
]

1)
Far

3.4 Stall Power

s
e

*h e s

N

® .o

Previously, when using POLAR, the stall power was calculated by e

hand as described in Reference U, Program POLAR2 now calculates stall }if::i:

LA et

power using the following expression {-j:;:j

u."..'.'.'-.‘:".‘

PP » -

I Py - P (210 o

o stall ~ "o 4 NN
>, LA

A N

o 0 < [ g P v

3 for 12° < a(1’270) 16 ::":g

oY,
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3.5 Induced Velocity Factor

ThN Y
IANARA

Waa

The effect of non-uniform inflow is to increase the induced

power above the value given by momentum theory for uniform inflow. This
effect 1s usually accounted for by applying an induced velocity factor,

K to the momentum value of induced velocity.

ind-’

The program POLAR2 has provision to input an appropriate value

pertaining to hover conditions, kh. ror the range of forward flight Xind

PP

is calculated by POLAR2 from the relation
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Reference 5 (p31) presents curves derived from vortex theory

. >
:

wnich show the dependence of Kkj. 4 on thrust coefficient, number of blades
and blade twist. For the UH-1H case a value of 1.10 would be applicable
wnich is considerably lower than the value of 1.22 found to be necessary
Lo give agreement with flight results. However this k;,q value of 1.22
also includes the influence of downwash 1impinging on the aircraft
fuselage. Flemming and Erikson(6) have shown for the RSRA, where direct

measurement of thrust is possible, that the download is approximately d4i#

of the AUW when OGE. They also showed that, for the IGE case as the

. N o~
aircraft approaches the ground, the download decreases and eventually :“'\
cecomes an upload. In the absence of any data on the down loads for the NS
UH-1H these effects will be absorbed in the induced velocity factor. 1f, :‘\‘1;

SN
on the other hand, downloads were separately accounted for by increasing o

R
the effective AUW, a value of about 1.16 for k;,, would be appropriate. -:-:.'.-}::."

. . . . v
Whilst POLAR2 has no facility for inputting the download as a ,\-,\;\j.

A
percentage of AUW, if required the AUW can be suitably adjusted and input 9.

A
in the normal manner, provided kind is adjusted. :,-.:_\.;‘-.:j

.-:.-t.-'_:.-

e
3.6 Tail Rotor, Transmission and Accessories ;t"-‘_d

[WIR AN

;-:I An estimate of the percentage power absorbed by the combination :{::'_::{:;-
- tail rotor, transmission and accessories is now input to POLAR2 so tnat :::'?':'::-':"
i i ; - IR SRR

B the helicopter total power is now output. Alternatively for the special NSO O
htetaCy

,!_ case of a hovering helicopter the tail rotor may be treated also as a L Y
) ) ) SRS
e separate rotor of sufficient thrust (AUW) to provide the necessary anti- .‘,x‘;\-_.;
s AN
.'" torque moment, This assumes that there is no main rotor - tail rotor - -",-‘\-_}_-}
al ) ‘-“..'
:.- fuselage interactions whicen in certain cases may give rise to large side- :,:‘.\':}
. A .
DA YA

E forces on the tail boom (Reference 8). Program POLARS first calculates ﬁ*fk“':
Ve KOS
b tne power required by the main rotor, Prag The main rotor torgus ia: :,\:_-.’\:.
" o . ‘ -':-r:j(:.
siven by ~:\J:_‘¢:‘.
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Mr = Pur’®
The distance between the main rotor and tail rotor hubs, ITR'

is input so that the anti-torque thrust can be calculated from
(T

) Qur/

RINET = WR'LTR

The tail rotor thrust will be greater than the anti-torque

thrust because of the deleterious influence of the tail fin. Reference 5
gives a fin blockage factor (Fblk)’ dependent on tail assembly geometry
and configuration, which is input to POLAR2 to calculate tail rotor thrust
T

(Tog)

m® " Fork'TTR/NET

The tail rotor power is then calculated by POLAR2, treating it

as a separate rotor supporting an all-up weight of TTR'

Finally in the hover case, additional factors must be allowed
for auxiliary power losses arising from transmissions and accessories.
Reference 5 suggests values of 2% for each, giving a combined 4% for

auxiliary power losses.

An example of running POLAR2 on the new ELXSI 6400 computer at
ARL is given in the Appendix.

4, RESULTS
4.1 Comparison of POLAR2 with ARDU flight data in hover
4.1.1 OGE Case
Using POLAR2, the agreement between flight data and predicted
values shown in Figure 5 is seen to be very good. Points on this curve

represent calculations for the wide range of conditions experienced during

flight trials, as snown in Table 2.
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TABLE 2

Atmospheric conditions at various flight test locations (Ref. 1)

Average Average Average
Location Start Date Pressure Ambient Density
Altitude Temperature Altitude
Laverton 3 SEP 73 Sea Level 7°C -1,000 ft TSR
Lae 4 oCT 73 Sea Level 24°C 1,000 ft SR
AN
Mt Hagen 23 OCT 73 5350 ft 16°C 6,800 ft e
EAEAERN
.’i".-v'.':’\-
Tambul 28 OCT 73 7300 ft 13°C 9,000 ft Sedeat
Mt Giluwe 30 OCT 73 10,000 ft 12¢°C 12,000 ft A
N )-:'_.r:
RO ” A
PR AN
RN
EORACAY
AT )
The calculated values are also given in Table 3 where the individual F-‘ y
. . S
contributions to the overall power coefficients are listed. For the ::\::; Al
s Ry
worst case compressibility losses represent about 5% of the total power. 2O,
aelaty
b5, At
PN
. . i
; rap
- TABLE 3 PR R
& AN
t_. v,‘.“.;’:'_.
: Estimated power components for various atmospheric conditions Tt
. Y ACACH
L) s \ -
it LNCNS
‘:" QA-g—-_d
N All Up Atmospaeric Thrust Tip Mach Power Coefficients (x105) Total B :‘
3 Weight Conditions Coerrlclqent Number Power . N
' (1b) Cox10 M < c c C c c Hp . )
'\ T T Pe Ps Py Prr Pace P . :_
N RSN
D .\f\f\*\'
ol 7500 Sea Level 23.7 0.693 0.0 5.9 13.3 1.7 0.3 21.7 817
v 0AT 24%C
.
> 8500  Sea Level 32.5 0.698 0.0 6.2 16.0 2.0 1.0 25.2 948
o 0AT 24°%
,,, 7500 53501t 3u.0 0.708 0.0 6.3 17.1 2.2 T 26.7 343
l OAT 16°C
. 9500 Sea Level 36.3 0.698 0.2 6.5 18.9 2.6 1.2 29.4 1106
) 0AT 249
’-
7 8500 5350f't 38.5 0.703 1.0 6.7 20.6 2.9 1.4 32.6 1035
A OAT 169
".
i 7500 100001t 40.0 0.713 1.7 6.9 21.8 3.2 1.4 35.0 guu
0AT 12°¢
p
v
]
4
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For a given CT/U tne compressibility increment depends only i [
on Mtip which, for a constant rotor speed, depends on OAT. It follows A

then that the plotting of Cp vs Cp should not be expected to correlate all

data. This was Illustrated earlier in Figure U4 where it is shown that at

low temperatures there 1is some compressibility loss even at 1low CT'

9
%

[ X%

typically at sea level. Thus 1i¢ would appear that some of the N .,-.‘\f
DA

experimental scatter observed in the flight results could arise from a :::tj_‘;
LSS

varying presence of compressibility caused by OAT variation. :-:-\';‘-3-'-:.

NEN S P

-

: : P W

Increases in the tip Mach number also result directly from :,-:_.__.k‘.

AR I

operating with a higher rotor speed, as shown in Figure 6. Here the }'{-'.‘_w:-;_
3 o’.-.

flight data for N2 = 6600 rpm (rotor rpm = 325) show increasing divergence ‘."-.::-.’:_:j
LAY

from corresponding data for N2 = 6400 as the thrust coefficient is ‘;’*“

e w

raised. At the same time estimates given by POLAR2 at typical flight -"_.')_‘ ::

o ~

conditions suggest that the compressibility increments are slightly higher )

2 s

in this case when compared with the flight data fairing curve for 6600N2

rpm,

.
<
LN

\"..

4.1.2. 1IGE Case

»
"

RO
Ground effect is usually explained in terms of the reduction in v
SN T
rotor inflow, v , caused by the presence of the ground. Hence for a :':-.':-.f_-.-;-
\'--_' " .\' -
given induced power, T. , & greater thrust is achieved in ground effect :,-:f\.—:)
- .a. -
teeo (T v )1ge=(T v Jggg- It follows conversely that for a given AUW :;:‘f?
afg
(thrust) the IGE power is less than the OGE value. In the present
X vt
f calculations, it is assumed that the IGE power, for a given AUW and Z/R .-':::-:-_":.,f.
" N WSTH{A
E (rotor height/rotor radius) may be deduced by calculating the OGE power 'f.:‘.:c.\,q;
ALY
¥ for a reduced equivalent AUW such that ‘-%§\
\ S
N -_ Yy
N IR
: _(_AEVQEQE = ]:i = f(Z/R) {':
\ ..‘-
N (AUW)OGE T s
! DOSAN
[ WY
: where f(Z/R) i3 a ground effect function, ::'::j:.-‘:::::‘
: R
WA
R A
RUAEN

<. 4

- s oaase,
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Taking a value of Z/R corresponding to hovering at 3ft skid
height, comparison of OGE and IGE flight data at the lower thrust
coefficients gives a value for f(Z/R) = 1.17, which agrees with Figures 5-
14 of Reference 9. POLAR2 has been run for various atmospheric

conditions using the equivalent all up weights for OGE conditions given by

Using the value of 1.22 for King® the results are compared with

flight data in Figure 7.

Generally, agreement is good, but at higher values of CT when
compressibility is present the calculated power tends to be slightly
high. This suggests that the calculated compressibility power increment
even at the reduced equivalent AUW as described above, is greater than
that occurring in the IGE flight condition. This may be explained by
referring to Figure 5-10 of Reference 9, where the presence of the ground
is shown to reduce the average induced velocity but simultaneously brings
about a readjustment of its radial distribution. The inflow is reduced
below the mean value towards the centre of the rotor disk but increases
above the mean towards the blade tips. Thus in this tip region, the
higher-than-otherwise inflow results in smaller angles of attack and hence

reduced compressibility (Mach number) effects,
4.2 Out of Ground Effect Hover Margins

To give a further example of the improved capability of POLARZ
we take the case of OGE hover margin prediction. In the practical case
the pilot notes the power, i.e. torquemeter* reading in psi, to maintain
IGE hover. Reference to a torque margin chart or table gives the extra

torque needed for OGE hover, from which the pilot can assess the ability

a e e m e e mer i mmim o mim e mm mmm = aa e mm .. =
,
o . , .
o * Maximum allowable torquemeter reading (s transmission limited
S: to a value of 50 psi.
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of the alircraft to perform safely such a manoeuvre. One form of
presentation has been used in Reference 3 from which a curve applicable to

an AUW of 8000 lb has been drawn in Figure 8.

The basis of this curve may be traced via the ARDU flight
calculator back to the flight data of References 1 and 2. Thus the
torque margins are directly related to the difference in OGE and IGE power
coefficients as given by the mean curves of Figures 1 a,b. It so happens
that the flight data for the higher thrusts were obtained at higher
altitude where the OAT averaged ISA+17-C in some cases. In view of the

dependence of C_ on temperature (effectively Mtip) shown earlier in Figure

1, the mean cu:ie of Figure t1a will indicate a lower power at the higher
Cy than might be expected under ISA conditions. On the other hand IGE
values are comparatively uninfluenced by compressibility effects. Thus
OGE hover margins presented in Reference 3 may be unduly optimistic from

the pilot's viewpoint.

Therefore in Figure 8 we note that the thrust margins
calculated by POLAR2 for ISA conditions are about 1 psi greater at the
higher altitudes. Also shown for comparison is the result given by
POLAR(u)where the effect of neglecting compressibility is to seriously

underestimate the OGE hover margins at high altitude.

5. CONCLUDING REMARKS

1. The effects of compressibility should be recognised as having a

significant influence on the hover performance of the UH-1H Iroquois,.

2. The inclusion of a compressibility power expression into the
program POLAR2, results in good agreement with UH-1H hover [{ilight 3iata

over a wide range of operating conditions.

3. In Service use, the JGE hover margins tor the UH-1H, are found
using tne ARDU calculator, which Is based on mean curves fitted to data

ovar a wide range of atmospheric conditions, Since the tip Mach numoer,
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and nhence compressibility effects are temperature dependent, these margins
may not be sufficient when operating at low temperatures, particularly at

high altitudes and all up weights.

b, POLAR2 includes the following features which make it more "
convenient to use: i' :::j:.
< by

a. Variables such as tip loss, atmospheric density and Lock number

‘V
A !
l'{‘?}" % 'y v
:-s'_-._n._s 5
Y
Ef': o

"
“
)

are calculated within the program rather than being separately

input. Likewise the stall power correction is now made by the ':.\jf_‘
EAEICAE
program. .;:-:}-
AR AN
ENCA
RN
i i AN
b. For the hover case, tail rotor performance is calculated along LG
P e
Wwith the main rotor rather than being the subject of a repeat :a?..r'\"}:l;
L
RASA RN
run of the program. :::::.'".-::':-}‘
BACAMIC N
RS,
' RN

5. An empirical value of induced velocity factor has to be chosen

»-
2

PRI

to match flight measurements, as current calculation techniques are not W
L. . . St
sufficiently well developed. Various influences on the appropriate RN AT
PR N

choice have been discussed. A AL
B AL AL

" ava '.i.'_j
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APPENDIX

An example is given below of running 'POLAR2' on the new ELXSI
6400 computer at ARL, for the case of the UH-1H Iroquois at hover.

The data required are essentially the same as for 'POLAR'(M),
but with additional inputs relating to atmospheric conditions, tail-rotor
geometry and various 1loss factors, These include induced velocity

factors for both rotors, tail-fin blockage and auxiliaries.

The auxiliary power loss, i.e. transmission and accessories, is

assumed to be 4% of the total power required, wnich is usual practice.

As stated in Section 2, Ref. 5 gives induced velocity factors
which are derived from vortex theory, but as far as is known, have not
been validated. Since no other information is available, the value of
1.40 suggested by Ref. 5 for the tail-rotor has been taken. Aerofoil
profile drag data for a NACA 0015 (Iroquois tail-rotor) have been analyzed

and fitted by a quadratic expression whose coefficients are:

60 = 0.0093, 84 -0.009, 62 = 0.294.

Because of Reynolds Number effects on the tail-rotor, it is

suggested in Ref. 5 that % should be increased by 0.0027. Thus the

tail rotor profile drag data are taken to be

o g5 = 0.012
S 1 = _00009
$ 5= 0.294
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o o
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; AR
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\ v
A. INPUT DATA (see Ref. 4 for 'ATMOS' details) .
'};.-2}'\'
. "n"h'\
’\"%f' 1
Wl
NN
L4 K
:n ;!:';'.:).'-"
H L AL AT A
R :POLAR2 ) _ Lot
- TITLE (TWO LINES OF UP TO 0 CHARACTERS) Lty
Ny i POLAR2 - Iroguois Howver 0DGE AN
N :  75001b at 10000ft, OAT 12C o » IR
SET_ATMOSPHERIC FLAG., KEYAIR (1,2.3,4,5 OR 6): = 1ATMOS PPNV
STATE PRESSURE ALTITUDE ¢IN FEETY: {oddo 2 ®
AIRFIELD REFERENCE TENMPERATURE, TDAY_ C(IN DEG. Ci: 12 P 4o AT,
¥ QNH OF THE DAY (IN MILLIBARS): 1013.25 pu RN
! HEIGHT OF THE AIRFIELD REFERENCE PDINT, HAFR: 10000 KON
R ARE UNITS IN _IMPERIAL OR METRIC (I OR M) ? 1 —_— RN
- ALL UP WEIGHT (N DR LBY = 7 2500 RN
. EQUIVALENT FLAT PLATE AREA (M++2 [OR FT+42) = 7 22.5 e
v B R NS Y
i main rotor data : s‘;- )
ROTOR TIP SPEED (M/S OR FT-3) = 7 791.7 LIS
] ROTOR RADILUS (M OR FT) = 2 24 SN
3] ROTOR BLADE CHORD (M OR FTJ = 7 1.7% N
o NUMBER_DF ROTOR BLADES = ? 2 RS
N 2D LIFT CURVE SLOPE (/RAD) = ? 5§, 73 NI
. INDUCED VELOCITY FACTOR(1in hover) = 2 1.22 IRAS AN
. BLADE TWIST (DEG) = ? -10 A
LOCK NUMBER (ISA,sea level) = ? 7 7 R
. DRAG POLAR CO-EFFICIENT (DELO) = ? 0.0084 e
Y DELTALl (s/RAD) = ? -0.0102 RSN,
y . DELTAZ (/RAD*#2) = ? 0§.384 ) R
“. AUXILIARY POWER LOSS (as % of total power) = ? 4.0 DA
v/ 1S RANGE.ENDURANCE REQUIRED ? (Y OR H) i WM A,
. IS A SPEED-PDWER POLAR REQUIRED ? (¥ DP M) : N RN
' IS HELICOPTER HOUVERING (Y OR N) ? v £rr Nt
" tail rotor data : P AT
. ROTOR TIP SPEED (M-S OR FT-S) = ? 715.7 RSN
. ROTOR RADIUS (M OR FT) = ? 4.25 RSO
“ ROTOR BLADE CHORD (M OR FT) = % Q.7 e
NUMBER_DF ROTOR BLADES = 2 2 AT
N 2D LIFT CURVE SLOPE (/RAD) = » &, 73 , I
> INDUCED UELDCITY FACTOR(1n hover) = ? 1.40 Tl
A BLADE TWIST (DEG) = ? 0 ... o
3 LOCK NUMBER (ISA,sea leuvel) = 2 2 AR
\ DRAG POLAR CO-EFFICIENT 10DELO) = 0.012 SRSANAY
> DELTALl (/RACY = ?» 20.009 AN
Q DELTA2 (/RAD*#2) = 2 0.2%4 PPN
) TAIL ROTOR MOMENT ARM (M DR FT) = 2 25.79 DN
: FIN BLOCKAGE FACTOR =  1.11 RN
L A Ny
E RV
- '.: NS
RN
..,\'-.r-\._
SIS
p i u\“;.;;‘ﬁ y
RS
4 BRI
: e
i DAY
‘ [ -
; RS
1) SN e A
\ whSoey
A S
L _ \JL.A‘.'J‘
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"POLAR2' Output

tLIST POLAR2.OUT

POLARZ - Iroquois Hover DIGE
75001b at 10000ft, OAT 12C

artmospheric conditions
ATMOSPHERIC FLAG = 3
AIRFIELD REFERENCE ALTITUDE = 10000, G €1
PRESSURE ALTITUDE = 10000.0 f¢ ~ -
AIRFIELD REFERENCE TEMPERATURE = 1Z.0 Celsius
AMBIENT TEMPERATURE = 2B85.1% kKelwuin
ONH = 1013.2% mb
AMBIENT PRESSURE = 145%.23 lbs, fr++2
AIR DENSITY = N016513 slug ftresl
SPEED OF SOUND = 1110.e6 ft”rs

aircraft data
ALL UP WEIGHT 7¢00.0 1bs
EQUIVALENT FLHT PLQTE AREA = 22.5 fr##2
AIRSPEED = knots
AUXTL TARY POWER' LDSS tas % of total power? = 4.0 %
main rotor data :

UMBER OF ROTOR BLARES = 2.0

ROTOR TIP SPEED = 791.7 ftrs

ROTOR RADIUS = 24,0 ¢t

ROTOR BLADE CHORD = 1.8 §t

ROTOR BLADE TWIST = -~10.0_degq

20 LIFT CURVE SLOPE = .73

DRQG POLRR COEFFICIENT (DELTA 0) = . 0084
DEL Ta ~. 0102 /rad

A 2 840 /rad**2

DELT .3
LOCK NUMBER (Ibﬁ sea level) = 7.0

LOCK NUMBER = 4,86

INDUCED VELOCITY FACTOR (in_ hovy
INDUCED VELOCITY FACTOR = 1,22
TIP LOSS FACTOR = .96
ADUANC IMG TIP MACH NUMBEP
ADUANCE RATIO (MU) =
INDUCED VELJCITY (NY)
INFLOW RATIO (LAMBDA) .
FLAT PLQTE DRAG = .01
THRUST 7%00.0 1lbs

THRUST CDEFFI:IENT = . 0400

ROTDR SOLIDITY = .D464a

COLLECTIVE (THETA 03 = 18.0 Deg

COMNING ANGLE (a) = 2.0 Beg ~

LONGITUDINAL FLAPPING AMGLE Tal) = .0 Deq
LATERAL FLAPPING ANGLE fbl) = .0 Deq

DISC ANGLE OF ATTACK = De

RETREATIMNG BLADE TIP ANbLE DF ATTACK = “.% Dea
INDUCED POWER = a )
PARASITE POWER = D p

PROFILE PDWER = 13

COMPRESSIBILITY PDUER = 1.7 Hp

STaLlL POWER =

TOTAL POWER = 323.0 H

REQUIRED “AUATLABLE HHHF PDUWER = B2F.0 Hp

% LIMB POWER = H

(]
CD
5o
[

ATE OF FLIME = P min
CLIHB MMGLE = 0 Deq
A=
2]

1l rotor data @

1L POTOR MOMENT WRM =
FIN BLOCKKWARE FACTOR =
MUMBER 0OF ROTDR BLALDES
ROTOR TIP SPEED = 1%,
POTOR PADILS = Q4,3 §¢
ROTOR BLAHIE IH?”% .
| [
SLOR

—

N o

)
-,

ROTOR BLAODE T
20 LIFT ZurvE

E = &,

Pl w'w'\
.
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R S ARSI RAARRNRAT % ek

DRAG PDLQR CHEFFI IEMNT (DELTH 02 = .al1ze
DELTA 1 nN?0 ~rad

DELTA (2940 srad¥**?

LOCK HUMBER ([SH,zea level!r = 2

LOCK MNUMBER = 1.39

INDUCED VELOCITY FACTOR 'in hover . = 1.ai
INDUCED UELDCITY FH'TDP =  1.40

2 TIP LOSS FACTOR = ,
ol ADUANCING TIP MALH NUMBER = LB
2 ADUANCE RATIO (M) = .ana
. INDUCED UELBCITY (NU) = F4.41 ftos
INFLOW RATIO (LAMBDAT = -, 1040
J FLAT PLATE DPHH = .0 ibs
b THRUST =~ 529.5 ibs _
" THRUST CODEF rIiIENT = L1103
i ROTOR SOLIDITY = L1049
% COLLECTIUE (THETA 0) = 17.4 Deg
o SONING ANGLE (al) = 1.1 De
LOMG I TUD INAL FLQPPzNu ANGLE tal» = .0 [Deq
LATERGL FLAPPING ANGLE (bl) = .0 Cegq
DISC ANGLE OF ATTALK = .0 De
RETREATING BLADE TIP QNCLE OF ffTeck = 11.5 Cea
INDUCED PDOWER = 71.6 ﬁ
PARASITE POWER = o
PROFILE PDWER = Hp
COMPRESSIBILITY PDwER = .0 Hp
STALL POWER = 0 Hp
. TOTAL POWER 87.
T PO T LABLE SUAET POWER = 27,7 Ho
CLIMB POWER = .3 Hp
RATE 1F CLIMB = 0 Ftomin
CLIMB ANGLE = .0 Deq
TOTAL ROTOR POWER = 210.7 H
TOTAL HELICOPTER POWER = 9a§ 6 Hp_
TOTAL HELICOPTER POWER COEFFICIENT 36, 27E-0F

CPRUTIME = L1966 szeconds

R ot B2 M AN IR U ArArU U LN N g SRR - =

PP AL PN NS e TR YYD > ovlo

‘4

R
H s & .
AN

I
PR

5

".’(ff‘f-‘f{l



Ty av. "<

s 1 .
_v.- ....-......l..f. .I..n
fff- ---.f.-‘,
AR NS

...-. OV I

WAREAARGT ORERELE

w
L
IS A8, ) s

el GG W W €.V U u R .0 _n_s o~ s SASER. ¢ . . =

w [+ o]
z [§1] s
) W =
—
— W
v > w
eSS
- zZ X O Mhu |~
E <2 zZ
w T Z o
> %% 29
L4
M g X M.D. .m
> I
[( OB RY] ]
]
16
™
e
™
Ua
o~
-2
s Ly S & & . =+
™ ™ ™ o~ o~ w -
oL X 43 -¥3M0d 40 LN31214430D

L6 AR AN LW AR T AN N A RSP MERCANS YYD ML S CCT RS S T OTERE S Y s

S

COEFFICIENT OF THRUST —Ct x 10 *

G

ROrRODUCHE

R S

1o

DATA

o

FIIC




) ’, 3 "1 .

-.\... RN !
—..\.\\A-\\;'A.
_-

LA AR

A\..&\«..\.NM (4

e
Wata

oe i L g L T
PR : _ OO P DI BN o
“-../n-.f Ll RN ] N P A RN A A A ~n-.I‘-.-¢f.¢b7.. : .-
SV . AR PRSI DADAATEIE " (AAANAAY | -
‘.. R Sl AN AT AL N PR W o Ja N .n.h»n.uJ u.-\“-\- ‘, \..\.u..-y\..-m. AN uI\I.bJ .v\ P \n\ C A
‘.
r,
.‘-
_‘s
v,
: o~
' o
v o
I
v
N
‘. —
i -
-.
v —
" -] -
v ©
v :
j ~ 2
y, ;
. o 4
“s.. - 7 v
By | g -
! - i
"\ © —
: -
| | .
! .
b i mw ! “
v‘ b
3 w " .
. = y G
. 5 <
- > @ -
- w & . :
> >0 w F e
. T R C - ™ =
> D M R
Z © & D
z - wn - =
: o o ¥ =
. . =
b, — (L B b Z z H
] @ <ag Z = L w =z
i~ T z 9 Fen O .
< : au w S
< ﬁ < q W T G
- 2 X wa Y s
' w =
1
coma | . ;
2 —
- i
4 | ¥ L § = 3 ' - o~
@ ~ w0 ~

g OL X d) -y¥y3mod 40 LN3ID14430D

o
¥




LAARRT A Eﬂrmuﬂaﬂ
(N S NN pwﬁw

,.3b}hwﬁﬁ kmw
-»\\..‘ }If

rg S Yooy,
>;~ .\eﬁWPf

-n-- oY
\\x:\c\\

BT A
u. . .- .1&-\!\‘
W . \F\P\-r\f AN

) Ui o
PR .-
t; i .
moom e RS
t C ~t .l
vt e =l
AR B os 2
— 4 e o
B 4 [
. o5 -3 o
A S e =
b : . I
o et e <
ool . -
’ -
ce es 4 < 1 sG]
KOS & s —
S ) T
' d i M S ;
R 2 S
; e .5
« N o
v [s I AR o
Y RS N} — %
. vl m SO
o C Lo
. LSV .
4 .
Y,
: 1] 1 ] N
’ ) - — - —
" - o~ : Wl
v m™ -
- S
-
] —
wl w\ I ”\'.l
. ~
4 T el
; a . e
-\n 1T~ 2o
W ;
?_ J
. -+ I
M 1 1 1 1 1 1 N -
. © S o Vo) o~ w =
N m m m N o A
v
K d

O X D = aomod Jo juoiar jjao)

DA s

FRORERERANE\ AR




N O O ,...»-!....'.‘ b AT e DA
A X A A I A OO VWA X
SN e AN OB R AR S Al
vy ! 4 hn.)h: o UL AL N B Ny & . -i-\ﬁ-'

. vlc ---n..au.-f--f\ » f-- ‘ Qr- -‘\-‘.-P-F\-.. n.\‘ ‘r. .- -wn \- \h . \lnw £ -\-.\!s-q ‘ot

o~
1 / 7.
o

; ~

1 /

, ~

. N h R .

X e )

! i fe

<

A

' S 3 e 5

) S o i

2 . Iy

. s 2

~ 3 = =

: 0 = ] P

1 y (o} L} 7 .

¥, w o :

- « x o
< @ o=
< x RS

2 T

. w oz N

! ° 8= :

! °Q e
z 3 e

2 a -

n - =0
[v) I —
2z 3 © = -
o o °© -
7 & G

, ”-!.- w hm —

z > o &b

: _e 2 e

f] > [+ o ol

T M) ta >~
R |
w
A I x
- O 2 3
| o .

y -

h — MU

L 4

2 —

o o o

) e © ~ @ e o

o~ - -
; s01 x 0740y
X
p!

g N 4 e ARy , s T YNNI G AR S K F ] W (S Lok 5 E R\ O YA
Muw.wlh..i e s vy Y YYNELLL .wr...\- b e 7,2 ul VAN (| TARAAS RN §. Y s AT




o A . B T 7y B o o U o g T R
f AL sAlA] ANMIS . o AICAT
Y XN X b ...“........,..... A ......”... RO A _.....x,.\r__.:.. W PG AR

- r;elllS LA ll-.A-\--\h. ;--.-..-..u

2 2 EAORNN A \M. o ARASARE 1 .s..x....:..;....w..%.. 3

SANNSIAN NS DR PLEL L Fad SENERL AL AN B ST S Y A Jo N .\#.» PR I ...u..\..J

ot
.
(Y
s

’ ‘L *
A X
N PO O O Ny s

-
* .
- - cea
: . - fab it
. L m M m ¢ i ™M
: ™~ : : =
. . T . ) -
A s @) D
» . Va] u 1
eereaeenasd e O TETSPOON P . e 4 T
b, : . °
. — NS
2 : Lo T
: i
: H © : “y e
sererrenn e _o/o SRR SUTERL] - £ Seevinrnenes - : o
: o : : : : o
: : : : — -
. __ . . ® H : . H fast . e
..... veresesirenea. TR, ASTPTUTS-NUSPRRRRN -4 : : : ® b2 I
. o’ r H o Beeseeeereia Nt eveneaon [EET TP R R LR PR 4 @ !
M M . - - - -
. : : 3 : : : _ .
: H H : ~ H : : .
: : : : £ : : : ) -
H : : : o &) : : : . .
o Beeereenaens Prseriananans PP AR [ 4 0 " M : 0 . «
o K : : R e  Beecesecaas ARTERPITRRIR N e R SRR <4 o
. . . : . N M . - 1} v
. . . . . : M ~— Ty, e
K : H : : (@) . . : . -
: : : : ) : : : . PR
4 : H - : : : . Lo
; . : : - H : : V. f,
] M : M < s : M TS
. . PERTTRPPY PR 4o —_ : : : “ 1a .\“_
: : : . R TR g e 3 ui i3
: : : ™~ : : : Ay
: : H . : : : e
: : : = : NS oo
: : : o : : : o
..... PSP SO, : : s
: : M 4 . | Terieeerana PO ) B
: : M . . H .
’ : : : : 0 : : :
bx : : : : 1 U |T : : : 1 ‘A
! : : . : ® o : :
2 . - .
. . N » -] . M M 4 .
% o 0 ~ @ oo : : : - < =
oy -
, —
: a X X & 35 e S S ° e
@ o © © © o L - ® o -
o
- 0 —
= o
s
b
-
- - . -
-
.! y n PN 7 %% aq.J..i.V“ \.\\\.”.ﬁ. l“-.-q PPr Py rprs) .~ .\.~.~ QAA N e« o_» lu‘i g - = - -t TN ~5=p =~




34

x 10

)

=
|
- 30
S
<26
- 22
<
18
]
1 14
b
P
)
)
)
3
y
]
4
p
s
FIG.

1
[\S]
(@]

]
(@]

—.—-.= AUW = 75001b

ISA + 5°C atmosrhere

1 I i —1 1 |

24 28 32 36 40 L 48

~f thrust - CT x 10

+  VARLILTION OF PRIDICTED POWER WITH ATR TOMPURATURE

DOPOCOANSTANT TIP SPITD (NI = 6400 i, OGH)

/‘.’a.
N
PAGR IO

4 4,

.



AR ..
AN ..J...q.,...;.*

L ] « F_f ¥ u - - v - —
' P A-c.-.inff , AR u P A A Fora e a e a s, - --- P |
..s..x......a:z " AN & *; ; ¥ 4

2, BN X SO

RO ) t ..A LA
’-. H......a...,._ s\...\...,.\. m‘».... AT rf« naASA

U e P ...)ﬁ.f‘ VAR A A
-....1,. A RP.P?\..\{?L.W) e ,r, 0t ...\.\)-\f;

a 2 g8 s 8 3 0L

XYY

4% =
|ONORE] =
o 0 o —
O N A=
N s
LI 1} \M)
-t -_—
B g 3 o z
O & L e o T
>0 00 (O
(1] — |
D3 - Lo b !
w0 ~ - !
3 @ =~ Cmi o
o B o =<
P ooew 7 | >
Lo o SN
(621N} [N o) » - ol
B S i o M el s (2
63 ) e o sy C
Jie [ U010 Y S
< <= -
- 0 =
@0 * m v AP
St " T.A.n
(R ol
fie B
o~ 4 &
" < Ly b
o CcQa
1, . n -t e
L t Nmﬂ
&%) Y Ui
N — O]
) R\
. % «);.M
,,‘ -t
w. 48 ° z 3
; o2
7
“ N
\
r ) )
: 1 L ~ &
b Lo
v @ a g fe
2 m @ =
‘-
v
»
4 o
_.m A:_ X D o= oMod 1o Juar o o)
1
4
A
]
A
‘. - - -
L] BECCKTETENER + 2o Ao P xS




N NS S IR LAY F B DA AURARNE: JOR T A FUR A A S T, YA
L L L, A PRI NV NN Wz.ﬂuﬂ...-... AR AT N Tal YA . Yy
AN SN ..U.v R I A A A AN UM R SO SPEIIR daBni il A MAROATA | AN
.\*\J\*&I\f ntﬁ ru..\.. .-.\J\r.f..! .f-p. ...\f...»-\l.. ..r ..(\f..f..f..f\f\}ﬁ-“_ f\)\f a-f-fq-? \-0-. b .-\\.--.ﬁ-ﬁ-m v J.f’)ﬂf.u- H ~TNA \.- \’t hl \A .‘J%i\p /, l\.
b.\.\ SN A A @0 0, AL NN Y (AN Sl sy wh A0S ...s...-....hsaw.. fnﬁ\#..-e.\.(.ff\un.. VALYANNS A
AR AR RO R AL WRRARDOAE (SSRANARE XXX ATRY NN NI, AR Ar
B [l b B W W - AT o o o NN W N A ...-.c-nl-nv~’-)qﬂ .-.-.f\.r\.\.
£ B
L]
d ey
o ey n
S A VLR
o O ©
OO + 0 Vi
rOo “ 3 — o~ e
=
s/ | -] =
£4 B4 B ~ x
% T s z
D =
s 5000 Z
FE RN B NG =
v% O 0 — - =
C) w4 3 7T ;
o W IR — ~3 «@ S
YOS ooy - 2
LA (&) >
[0 LIRS IS > O < Z
N R =
~ O WU o £ .\
fu ba i nin — o o)
o |
- 3 =
=+ =
o bae C 4 _
u_ "
b (L
* ML . <
— 3
o Y =
a R o
y [0 Rhes)
: =
\». oo
2 ==
0 T
L o~ . z
Uy S
m W on
e} e o
] 3
s o<
"=
e @] ks
4 b L O
@)}
L 1 I I & »
@ . o o )
m m m o~ MN.. x e
n .
.C_ b'e Do~ oMo JaHatol P poon
4




il R R Ty LA A PR LR W bvs 0% 45 15 RRSILELIM R e A Al g o5 0 ary

38 Flight Zata
—— Fairing curve
POLAR2 B Sea Leval, OAT = 24°C
Ve {o 5353 ft, OAT = 16°C
= 34t % 100CC £+, OAT = 12°C
%
=
|
.30
3
3 26
I3
i)
5 RGN
) Tt
L"::::..\‘*'
18 ARG
ALY
'a“:".."'
Whit
‘]4 1 1 1 [ i 1 4
24 28 32 36 40 Lk LB 52
Coeofficior= ~F thrust - Co o 107
NI

AZA. 1R

AR/

247

FIG. T COMPARISON F FATRING CURVE (F1G. 1L) WITH POLAR 2
DREDICTIONG, IGL, N2 = ¢+ ¢ amnm

s
"

”




®
[T O Nl Tk LI R Y

3 .f.............\.....- A

AR RARR T

P A A AT

#&

o

]

PR A

[ )
theol SN )

Lt )
e, & o0,

waa 'y

Ay
1

(XA
I I R g P

g X7 .
red \.-\.-\.- A

\ﬁ%

[/

i

¥

-

LAt
N

‘ -5, -.\
A

, T. Iy -U
Ty

12000

10000 k-oeoven..

DENSITY
ALTITUDE

QBB frrcvrerecniriiiiiiiiiii e

(ft)

3
[ 4
©
©
[

6000 .-

50800 |-

PY-Y-1- 1 TP TTOIOs SO

1080 L-.............

(pst)

TORQUE MRRGIN

1125xN2

» 52S2xSHPXDPTY

Torque(psi)

'
o
t

SERRRERE I8

[
it

POUND
1

TOUND
AUW

. .
s
X UL
— X~
M —
et
PE S ]
Tefa
-
M -
\
_
SRR
j —
o
o -
- o4 (63
oo
[
e L2
-~ -~
- < C
-~
- o e
PR
— L
"
=
~
<< ~
o Z <
= = =
PR e
~ ~
[ T
R~
o7 L
.
.-
[
+—
[e5

B Y v . 0 Y g A A A A B -enmmmm F’IJPL



FENELE LA WL W W W S CSWU W S OO AT T RO P T R TT

DISTRIBUTION
AUSTRALIA

Department of Defence

Defence Central

Chief Defence Scientist

Deputy Chief Defence Scientist (shared copy)

Superintendent, Science and Program Administration
(shared copy)

Controller, External Relations, Projects and
Analytical Studies (shared copy) )

Counsellor (Defence Science) (London) (Doc Data sheet only)

Counsellor Defence Science (USA) (Doc Data sheet only)

Defence Science Representative (Bangkok)

Defence Central Library

Document Exchange Centre, DISB (18 copies)

Joint Intelligence Organisation

Librarian H Block, Victoria Barracks, Melbourne

Director General ~ Army Development (NSO) (4 copies)

Defence Industry and Materiel Policy, FAS

{1 copy)

~— N N S

W

r Y L[]
SR
Eﬁ;ﬁ'

*
R U R
[ NS
'y

"'. LY

Aeronautical Research Laboratories

Director

Library

Superintendent- Aerodynamics
Divisional File - Aerodynamics
Authors: M.J. Williams

_ A.M, Arney

;.f‘ R.A. Feik

ﬁ N.E. Gilbert

2] K.R. Reddy

2 N. Matheson

! D.A. Secomb

g Materials Research Laboratories

~l

E Director/Library

: Defence Research Centre -

w Librar -

» N 10ra y - ®

Q :Ex

h RAN Research Laboratory e

’ e
. %

Library jh

.i

i

; v lcont .,

4




g: WAL LR T A TV A AT OO O e O

\
Ry
|
¢

?

S FLESINERE  AAMAN

L AT

A sy

&4, 8

r- S TREEE S SIS AALAARAEN T -T2 02 s 1 W 2.4 048 % T Id a a0y a v o

DISTRIBUTION (cont.)

Navy Office

Navy Scientific Adviser
RAN Aircraft Maintenance and Flignht Trials Unit
Directorate of Naval Aircraft Engineering
Directorate of Naval Aviation Policy
Superintendent, Aircraft Maintenance and Repair
Directorate of Naval Ship Design
Navy Destroyer/Utility Helicopter Project
HELOPD
PO(AE), Attn. Lt. P. Hall
CO RANAS, Nowra

Army Office
Scientific Adviser - Army

Director of Aviation - Army
OC Australian Army Aviation Centre, Qakey

Maintenance Engineering Agency, Attn. Lt. Col. R. Grant

Engineering Development Establisnment, Library
Royal Military College Library

Air Force Office

Air Force Scientific Adviser
SQNLDR D. Mackerras (C/- AFSA)
Aircraft Research and Development Unit
Scientific Flight Group
Performance and Handling Group
Library
Technical Division Library
virector Aircraft Engineering - Air Force
Director Operational Requirements B - Air Force
HQ Operational Command (SMAINTSO)
HQ Support Command (SLENGO)
RAAF College, Point Cook

Central Studies Establishment

Information Centre

Government Aircraft Factories

Manager
Liorary

Department of Aviation

Library
Flignt Standards Division

ont.,

E4
A Y
L

J A

L5
YO A
'i;vspf
L)
R AN
PP d
[y

)
l..f
<

A A

} "-‘
L
h )
L/

s
»
[/

. I,'f £ .
P

A aW

oy o el
[AF .
"-5

)

-“ »
. ()
.
f:557;
el
YN

'é
;)
(4



[ u R SaE i £ Sl St W1 ll o bl el
AR AL N R R GE G AL L Ot Ry g by b LLL LG g i G o' d st 4 L A"E a0 " L ari s and 2od i s i of L a'h h 28 b and sie e S — -
Soa e T PIC A et et gt g ghhe e )

DISTRIBUTION (cont.)

s
L)

Trans-Australia Airlines, Library

Ansett Airlines of Australia, Library

commonwealth Aircraft Corporation, Library

Hawker de Havilland Aust. Pty. Ltd., Bankstown, Library

o
o

)
' Statutory and State Authorities and Industry
!
!

Universities and Colleges

Melbourne
Engineering Library

| Sydney i

- Engineering Library ?55339;
X Professor J.A. Bird RN
: J. Blackler jfhﬁ:::,
' A o
' NSW L

Physical Sciences Library
Associated Professor R.D. Archer, Mechanical Engineering

%
o
%.

A 'y
00
A

s
e
wad
o0
..‘) 24 s

»
*

- e - ——— e —— - - -
.

; i
4

RMIT
Library

4
[
2
) {
1

Spares (15 copies) : -
] Total (99 copies) o




2 atatatate

TR P S S oy

TR S S LA FSEEE SIS ey 8 Y YL
-

P cabeli T AU N S

MR T
L ]

. 13,6 This docuiment may be ANNOUNCED in calalogues and owarencss services availabie 1o = N

. No Limitations

\

N

\

l 13.b. Citation for other purposes (ie casual annournicement) may be (select) unrestricted(or) as for 13 a.

N 4. Descriptions 75. COSATI Grow

N

N Hovering 01010

. Helicopter performance

c POLAR2 (computer program)

j ) 16. Abstract . .

) The hover performance of the UH-1H Iroquois has been estimated under a

’ variety of operational conditions using POLAR2, a program based on blade

4 element theory. This program is an improved version of POLAR, a program
previously developed at ARL, which did not allow for compressibility

3 effects, The occurrence of these effects in a hovering situation is

. discussed, and a relationship allowing for such effects has been derived and

- included in POLAR2. Other improvements, designed to make the program more

g convenient to use include the calculation of tail rotor performance together .

v with variables such as tip loss, air density and Lock number which wWere

r previously input. The role of the induced velocity factor is also

. discussed. Finally, comparisons of estimates using POLAR2 and ARDU flight

v trials iata for the UH-1H are presented, ¥

¥ ~ -

.. - al - - -

e - (XS

)

7

.

g

o’

q

et R AR At e RS S L Pl A At ot gt i I et A T AW

Department of Defence
DOCUMENT CONTROL DATA
Tl ARNe [ ib.Establishment No 2. Document Date 3 Task No
AR-004-462 ARL-AERO-TM-377 APRIL 1986 DST 89/913
4. Title ) 5. Security 6. No Pages
HELICOPTER HOVER PERFORMANCE a. document 23
ESTIMATION - COMPARISON WITH UH-1H UNCLASSIFIED
IROQUOIS FLIGHT DATA b. title  c. abstroct 7. No Refs
U u 9
8. Author(s) 9. Downgrading Instructions
M.J. WILLIAMS .
A.M. ARNEY

10, Corporate Author and Address (1. Authority (as appropriate)

a.Sponsor b.Security c.Downgrading d.Approval
Aeronautical Research Laboratories
PO Box 4331

MELBOURNE VIC 3001

|12, Secondary Distribution (of this document)

Approved for Public Release

Overseas enquirers outside stated limitations should be referred through ASDIS, Defence Information Services Branch, Department of
Defence, Compbell Park, CANBLIRRA ACT 2601

A "'."'.'A'.-‘ "
e

l. '. I. ‘- N

e

L 3
(NN
WRYN

il
X
A

S
r,

> vy
8
’\

L
4 84 4

(A

R T
P
X
SRS
‘.'n'l"n‘\\

u M
I, g
,\

)
t.-

s ..'.".l.,-"...-l_.

,-‘;,‘.. et
+

B
4 4
i‘ -'

=4

A g SR 4

AERARRY
vy N
fffff‘r‘/-'

+

- v v
o j‘
. ;
X
XA
ARG

y ®
[N
[N
g
ﬁ

)

A\

4
4 Yy

-
v

ALY

, ",

S
4554

NN WY

B
g
T

(Y
v

YA
56
‘e
,

(4
'l’
X
P

\"'. 3

@ .
D

L S
[N R

“‘
LA
Ry

,-.‘
"-\'v"-
\ .
."
va'e
AN
Bt

Y
1
\l



AT
.......r-._r\.“..w 4
i \{\{S-\.-\.-\.r /i F\-t\ A
...\ AN '...\
D g ey 0 g
..\x\.mxw.-.. A LIN RPN ....
s
w.
g
5
b
'-
‘ ﬂ‘
b, 2 !
“. ] _
;. T
4 8 :
% g
1 s :
' s
b, 3 ;
y .
.4.. £ :
2 ;
. %
B, 3
. ;
2 2
&
-’ - }
¢ c
: P
/. K
7, €
& J
. £
m. 2
w- M
p’, E :
- ¢ i
)
y <
.u‘.
: il
3 ;
. 2
& 2%
y c 0
8 g
q.. .m.m
-,
F, 53
. B3
1
3 i
: x4
-.. - \c)m
B 2% g
P =0 12
v = e
F ms B
2 -
A 343 v
r, £f |2
£ S
v, A
r
%
Bt R Y e Y VR s T s s A HEIA 4 A f S X Y. ¢

17, bmprint

PN M G ARl TSI AL: MY I

i

Aeronautical Research Laboratories, Melbourne

/)
.r.\..\..x,.xa.... %%

20. Type of Report and Period Covercd

RRh

.m
o =
< —
in N
S
—
o]
_ (9]
[ .m
§E
3]
Z o
o b~
P
(7]
N
[ —t
X 3
2 33
c [ =
> (g
o L
(oI e]
m . 8
N [O T
$ < x

|
!
|
|

‘ 21, Computer Programs Used

YN

VARV .\

PN

{ 22. Fstablishment Fite Refls)

. .

L

-.o ) ..;
.'.\\\\\ik

A e % Bt S mEEm e e -




e v A
A
_._._\_

a"a’a -

Y

-
-
LT

"y

.

)

Ny

AR OI Y -
--\,-".r\z- T

)

h_afd arg
AL

L g a"g
AR

.

(3

T Tw VeV,

P

W W Ve Va

Tl
e e

T,

~

AR ALE AL Y
PUKANE RN P XICRACA 'S

-\-\l\di Mﬂ.l.h\-v-ﬁf\ﬁ'm,

Ve at  ®aa”,

I N Y Y B PC PN PE s W /6 Sl

S

DA IPR PR RFRANY )

PR S AR i

(e

g

L’"f



