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Abstract T rotor thrust (tip-path-plane axis). N

A wind-tunnel investigation was conducted in T' corrected rotor thrust (tip-path-plane
which independent, steady-state aerodynamic forces axis), T(po/p), N
and moments were measured on a 2.24-m-diam, two-
bladed helicopter rotor and a body of revolution. V free-stream velocity, m/seec
The objective was to determine the interaction of
the body on the rotor performance and the effect X longitudinal distance from hub center to
of the rotor on the body aerodynamics for vearia- body nose leading edge, m
tions in velocity, thrust, tip-path-plane angle of
attack, body angle of attack, rotor/body position, Z vertical distance from huh center to
and body nose geometry. Results show that a body body surface, m
of revolutlon near the rotor can produce signifi-
cant favorable or unfavorable effects on rotor per- a body geometric angle of attack. deg
formance, depending on the operating condition. B

Body longitudinal aerodynamic characteristics are aBC body angle of attack corrected for wall
significantly modified by the presence of an oper- effect, aB + AS, deg
sting rotor and hub.

aTPP rotor geometric tip-path-plane angle of
attack, deg

Nomenclature
aA wall correction to angle of attack, deg

A ro)tor-diak area, m

1 advance ratio, V/QR
h number of rotor blades

p free-stream air density, kg/m
3

rotor-blade chord, m

CD body wind-axis drag coefficient, D/qS air density at standard conditions, kg/i
3

a rotor solidity, bc/aR
C body wind-axis lift coefficient, LB/qS B

'1. II rotor rotational speed, red/sec

rotor wind-axis lift coefficient,
LR/p (DR) A

R AIntroduction

C body wind-axis pitching moment coeffi-
I cient MB/ ASBd The aerodynamic flow field around an oper-

ating helicopter rotor is extremely complex.
d maximum body diameter, m Current analytical techniques permit fair success

in predicting the flow field around an isolated
D body wind-axis drag, N rotor or an isolated fuselage. However, the flow

field around a real helicopter is influenced not
L3  body wind-axis lift, N only by the rotor, fuselage, tail, tail rotor, and

engines, but also by the mutual interactions
(I./D)R  rotor lift-to-drag ratio. L,/(P/V-PF) L tween these components.

0
) Therefore, the aero-

dynamic characteristics are dependent on the entire
1.R  rotor wind-axis lift. N helicopter system.

M body wind-axis pitching moment, N-m It has been shown that configuration param-
eters, such as rotor/fuselage separation, can

P rot,,r shatt p,w'r, W affect the aerodynamic interactions in a manner
which produces significant changes in performance.

PF rnt,,r propulsive rrct, (nugaitive wind- loads, and vibration. Reference 2 describes inter-
ixt drag), N actional aerodynamics prohlems that occurred dur-

ing the YUH-61A UTTAS development program. The
q fr,-,.-trtm ,l'ntmi pressure, Pa rotor height was suhsequentlv raised during thl,

program to alleviate some of thest problems.. Very
it rotor radi,,,. m little is understood about the detailedi phenomc'n.i

responsible for them. Interactions. Although pre-
Sit h.1v msla a.,,,- t I .ts..l dle... s diction of the flow fieldr may he the ultimat.



goal of he-licopter dusigners, their effects on The rotor and body were installed in the Ames
pt-rformamne, Ioads, and vibration are of more 7- by 10-Foot Wind Tunnel in an inverted position,
I nssim ll , rl.. l.rn. ctarrnlt anlYt I It kl t hiques that is, the rotort was Installed ,below the body
1.11I I. o '. Wlo.n lly pr,1., I lit, d'f ll , of1 tilt-He witih Lili rotor |prodilwig downward lOrtst. The

coithili-x l iw i iid., tlh- y l ,oivid inlg,  I;id iaall te model installation Is shown in fig. I. The rotor
,'t mil in, f total I (nilcipter performance. was Installed on a test rig that was mounted on the

wind-tunnel balance system. The rotor drive shaft
Much (if the previous work on this subject has housing was shi~lded from the wind by a fairing

concentrated on the dynamic interactions affecting supported by the wind-tunnel floor. The body was
blade loads and fuselage vibration.(

2
) Although mounted on a single strut supported by the wind-

the dynamic effects are certainly a major concern, tunnel ceiling. There was no physical connection
this Investigatiin addresses only the steady-state between the body and the rotor system; the normal
aerodynamic Interactions between rotor and body. rotor shaft between the fuselage and hub was not
Ref r .nces 3 throngli 5 describe investigations in simulated. For the baseline configuration. the
which time-averaged fuselage surface pressures location of the body relative to the hub was scaled
were measured for various configurations of rotors to the full-scale RTA design position. The base-
and hodi.'. Some success has been achieved in line geometry is shown in Fig. 1. For the 2.235-
analvtically predicting timo-averaged surface m-diam rotor used, this resulted in a vertical
prissure at an advance ratio of 0.05.(3) separation of 8% of the rotor radius. The longi-

tudinal location of the leading edge of the body
Wind-tunnel tests of full-scale helicopter nose, for the baseline configuration, was at 44.72

rotors hive typically used a body of revolution to of the rotor radius. The body nose geometry was
enclose tilt- drive motors and transmission. Aero- varied by installing a modified nose (shown in
dynamic characteristics of the body of revolution Fig. 1) which provided more upwash into the rotor,
without the rotor blades have simply been sub- more closely simulating a typical helicopter cabin.
tractvd from the overall forces and moments to This nose was also tested in an inverted position,
determine rotor performance. This approach ignores reducing the upwash into the rotor. Steady-state
the mutual aerodynamic interactions between the forces and moments on the rotor were measured by
rotor and body, and produces rotor performance in the wind-tunnel balance system. The body forces
the presence of the body rather than isolated rotor and moments were measured by a six-component inter-

performance. nal strain-gage balance.

The objective of this investigation was to Test Procedure
obtain quantitative measurements of the steady-
state aerodynamic interactions for a simplified Data were obtained for the isolated rotor,
helicopter system consisting of a rotor and body of isolated body, and combined rotor/body configura-
revolution. The effect of the body on the rotor tions at free-stream velocities up to 62 m/ser
performance will be evaluated by comparing isolated (120 knots). The rotor tip-path-plane orientation
rotor performance (without body) with rotor per- was determined from rotor flapping measurements.
formance in the presence of the body. The effect Tip-path-plane orientation was held constant, using
of the rotor on the body aerodynamic character- cyclic pitch control, while thrust was varied,
istics will be evaluated by determining body lift, using collective pitch control. This procedure was
drag, and pitching-moment characteristics as a used to obtain data for a sequence of thrust levels
function of rotor-disk loading and operating condi- with various combinations of velocity, tip-path-
tion. These data will provide: 1) a data base for plane angle of attack, body angle of attack, body
vorre.|tii with ind improvement of analvtical nose shape, and rotor/body position. Ranges of the
techniques. 2) qualitative information about the test parameters, which included trimmed rotor pro-
trends of ti-t, interactions at full scale, and pulsive force for eaci advance ratio, are shown in
3) m insight into the aerodynamic mechanisms Table 2. Angles of attack were defined with stan-
that cause them. dard sign conventions, such that a free-stream

velocity In the direction shown in Fig. 1 resulted
Model Description in a positive body angle of attack and a positive

tip-path-plane angle of attack. The rotor shaft
A simplified helicopter system, consisting of angle remained constant while tip-path-plane angle

a teetering, two-bladed rotor and a body of revolu- varied. The position of the body was adjusted as
tion, was |sed for this investigation. The 2.235- body angle of attack varied, such that the hub
m-diam rotor blades wure aerodynamicallv scaled to location relativt- to the body remained constant.
]/6- uile All-I Cobra bladt,!;. The blades were not The rotor tip speed was held constant at 206 m/sec
.salhd dyuamiclly, and had a relatively high stiff- (675 ft/sec) throughout the test.
ness ompared with that of full-scale blades. The
characteristics of the rotor are shown in Table 1. Data Reduction
The hub, which was not scaled, had a diameter
cq.al to 14% of the rotor diameter. Tilt body f'or lhub tares were removed from the meaqured rotor
tihei. I.rIfn. eoifiguratl on was a I/,-qcale model of data to correct for the hub and controls that were
tile r'otor lest aliparn|tns (RTA), a body 'if revolu- exposed to the airstream. These tares were deter-
Ito ivedll Ior test lfg ful1-scale rotors In the mined by obtaining force and moment data on the
/Ames 40- by 1 O0-i',)ot Wind Tunnel. The model did not rotor rig with the rotor blades removed. Tlis was
Include thr strut attlchment fairings and hub cut- done for each combination of body angle of attack,
out which exist on th RTA. The model dimensions position, and nose geometry, as well as with the
are shown fit Fig. 1. Ihe, full-sc.ale RTA Is shown body removed, thereby accounting for th intt'rfer-
in the Ames 40- by 0I-Foot Wind Tunnel In Fig. 2. ence of the body on the hub (with blades off).
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However, it was not possible to determine the because of scatter In the data, caused mostly by
effect of the rotor on these tart's, since this the precision of tim,. rotor power measurement
would require separating the hub and control sys- obtained from the wind-tunnel balance system. Tb,.
ten forces from the rotor forces. The~refore, the faired curve shown Iit the least nqars second-
coimptevd rotor diata iviciidest the. Int~erferenlce of order polynomial cirvi' fit of the linti fr earh
thle hiih, , tioit ro' I * , i -tpl,r rI f.i r I tit- in ii,, hei vatice ratilo. TI,.-, irv,, jr,- ...low, ,i,, I Igs '-
rotor an~d the iviti-rfl'runlme f the rotor on the hub to Indicate the isolated Protor ptrformance.
andi cont rols. *i'ies, interfe'rences are sm-ill
rt,. ited to the rotor fitric aiod tit% con-s i tcnt Figure 5 shows the effect of the body on the
I It rougi itt the tenst so thai the Inoteract ion of the rotor performance for the bnsel ine configuration.
body oin tile' rotor is va, ic. Again, there is no clear trend or OPP, influence of

rotor tip-path-plane angle of attack. However, the
The effect of the hodyon the rotor perfor- influence of the body on rotor lift-to-drag ratio

m5iiItv wase determined hy plotting the rotor lift- .Is clear. When the body angle of attack is 0". the
L1)-,drag ratio versus the rotor lift coefficient presence of the body produces an increase in rotor
for variouis configurations. The rotor lift-to- lift-to-drag ratio; hence, a favorable Interference
drag ratio was calculated as follows: effect. When the body angle of attack is -4*, the

body prodocea a favorable interference effect on
(I/D).. Lift I (P/v - PF) the rotor performance at an advance ratio of 0.2,

R but an unfavorable effect at an advance ratio of
where PF Is tile measured propulsive force, P is 0.3. At a body angle of attack of -8*, the body
rotor power, and V is free-stream velocity. The produces an unfavorable Interference effect on the
denominator in the above equation represents the rotor performance at advance ratios of 0.2 and 0.3.
sum of the induced and profile drag of the rotor. Data at intermediate angles of attack and advance
The lift-tn-drag ratio was used since it Is a mhea- ratios, which would help explain these results were
sure of tile rotor efficiency. As the lift-to-drag not obtained; however, it appears that body angle
ratio increases, power required for a given flight of attack has a strong effect on the rotor perfor-
condition decreases. mance at 0.2 and 0.3 advance ratios. The small

effect at an advance ratio of 0.1 is consistent
Body lift, drag, and pitching moment were with the fact that any changes in free-stream flow

defined as shown In Fig. 1. Body lift, drag, and direction caused by the body create very small
pitching-moment coefficients were computed using angle-of-attack changes of the rotor blades, since
the free-stream dynamic pressure and the maximum the rotational velocity of the rotor is much greater
cross-sectional area of cte body. The miaxijm than the free-stream velocity. This explanation
diameter of the body was used for normalizing the would imply that the effect of the body would
Iwitchiny, moment. The moment center was located on increase as advance ratio Increases; however, Fig.
tile longitudinal body axis, 0.50 m aft of the nose 5 indicates that the free-stream velocity effect is
(;tpprosximtl.lv 3011 h,'dy le~ngth), as; Indicated In overpowered hy an Interaction effect.
Fig. 1. This corresponds tO tthe longituldinal pool-
tion of the rotor Illlb for the baseline configura- The effect of body angle of attack on tile
tion. rotor performance is shown in Fig. b for the base-

line configuration, with a rotor tip-path-plane
Wind-tunnel-wall ecorrections were used to angle of attack of -8*. A fairly consistent reduc-

determine tile effective angle of attack of both the tion In rotor lift-to-drag ratio in shown as body
roltor anld body, tihe reference system for tile date angle of attack varies from 0" to -8* for advance
was the corrected wind axis. The correction, ratios of 0.2 and 0.3. This trend with body angie
obtained fromt the method In Ref. 6, was determined is consistent with the trends observed in Fig. 5.
using the following equiation: where the effect of the body on the rotor perfor-

man0ce changes from favorable to unfavorable as body
6am - 1.084 L R/q anile of attack varies from 0" to -8*.

angi-ofattak cang in egres, Another parameter investigated was the separa-
wilert' Ai% is the anl-fatc hneI eretion between rotor and body. Data were obtained

LRIs tit,' Protor lift, and q Is the free-4tream for separations of 82 and .10.2% of the rotor radius.
diynaimic pressure. The wind-tunnel walls produce an A comparison of these results is -.hown in Fig. 7
,'ffietiv' inglel-f-attack chanpe prolportional to for two configurations wherc tht' bodv and tip-palti-
tile roto~r iift. Tile rotor and body orientation laengsoftacareql.Bmitiig
were not adutd tmanincsatcorrected plaeage fatc r qa. B anann

juste to aintin cnstat cthe body angle of attack equal to the, tip-path-plane
,angle orlt tick. Therefore, the tip-path-plane angle of attack, the relationlship be'tween the body
angle tot iftasck and the body angle of attack Lndi- and rotor blades Is Ideoticil. Thercfort . the onlN
,arv'l In rigq. 4 tilto~lgil1% I)ret the geometric difference between Figs. 7a rand 71b I, the frce-
anglts i tie windi turvilel. stream flow direction. Figure 711 shows esse t ialis

Reittit is nd iii crliq'f no change in rotor performance caused by increasnc /'..

the roto'/b1'dy scj'a at ion t adelli w' r~i ils f . 1 .4 Is
Eihe~ii 95P ,,m t~i.r ~r ,,s.,c,'and 0.3. However, at an advance ratio f .2. I,it erlrmacethere i; a rediler ion in lift-tom-drag rt 1" as5 sprl

ration increases for intermediate thrust values.Till pL'rfornllce of time rotor with tile body This io reason.,ble since time effect of tile body I-
r.veiis sh~own in Fig. 4 for the ranlge of teat to increase the lift-to-drag ratio at this teat

conditions investignted. These data generally fall condition. The greater separation reduces tile
along a viirve for each advance ratio. Rtotors efc ftebd.I i.7.tertrlf-o
generally Aihow a slight decrease of L/D, with eraferto therbody. an Fig.alb.then inrotors ift-o-

pouoieforce increase (as tip-path-plants isn rgrtoicessa sprto nrae l
ripuelsive d;OlstedIsntsenIn ig advance ratios of 0 .2 and 0.3. Again, this is a ,

riheili,,ear); ili t,'n Isnotsee inFig ~ reduction In the effect of the body. For an angie, ~
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of attack of -* for both the body and tip-path- not scaled to a typical size for a helicopter hub,
plane, and an advance ratio of 0.3, Increasing the since the size is determined by the structural
separation from 8% to 10.2% of the rotor radius requirements. Therefore, this large hub effect is
reduces the effect of the body by about 50%; for probably greater than the effect of a relatively
an angle of attack of 4

° 
there is no observable smaller hub, which would exist at full-scale.

change. Therefore, the effect of separation is Apparently, the hub wake creates a low-pressure
dependent on angle of attack, region on the surface of the body behind the hub.

This produces increased lift, negative pitching

Fgiure M shows the effect of rotor/body sepa- moment, and increased drag, possibly an induced
ration for a body angle of attack of 0*, and at drag. It is expected that this hub interaction
mdvante ratios of 0.2 and 0.3. In this case, how- is substantially modified when subjected to the
ever, the tip-path-plane angle of attack is -4*

.  
rotor wake.

This places the rotor blades closer to the body on
the forward part and farther from the body on the The total effect of the rotor and hub on the
aft part when compared with the configuration in body is the sum of the rotor interaction and the
Fig. 7. Figure 8 indicates a much greater effect modified interaction of the hub. The rotor eff'ct
of separation than is shown in Fig. 7. In fact, on the body without the hub cannot be de!ermined

the effect of the body on rotor lift-to-drag ratio from these data, because there is no way of sepa-
changes roim favorable to unfavorable by increasing rating the direct rotor interaction from a modi-
the separation from 8% to 10.2% of the rotor radius. fication of the hub's interaction. Because of

At a hodY angle of attack of 0, there is a much this, Figs. 11 through 15 present trends of the
larger flow disturbance near the upper portion of body forces and moments with variations in the
tht nose than when tile body is at a negative angle test parameters, but no attempt is made to make
of attack. This, combined with the proximity of comparisons with isolated body characteristics.

the rotor blades in this area owing to the forward
tilt of the tip-path-plane, may be creating a par- Figure 11 shows the effect of varying rotor

ticular flow such that there Is a separation dis- thrust on the body longitudinal characteristics
tance where the rotor lift-to-drag ratio is a for the baseline configuration and a free-stream
minimum; as a result. rotor performance may be velocitv of 41.2 m/sec. Body lift, drag, and
Increased by elther Incr,.asing or docreasing the p1tching-moment 'oefficients are plotted versus
rotor/hixly separlou. Insuicient data were retor-disk loading. The body-lift coefficient

obtained during this investigation to determine if increases proportionally with thrust at about the
this Is true. Data for a complete series of sepa- same rate for all cases shown. The drag coef-
ration distances are required to answer this ques- ficient increases at low rotor thrust and the
tion. pitching-moment coefficient becomes less negative

as rotor thrust increases at tip-path-plane angles
The effect of moving the body forward relative of attack of -4. and -8*.

to the rotor is also shown in Fig. 8. The body was

moved forward by 9% of the rotor radius; this At a body angle of attack of -4*, the decrease
loated the nose at 53.R%, of the rotor radius. The in drag with increased disk loading at negative

vertical separation was maintained at 10.2% radius, tip-path-plane angles is greater than at a body
As shown in Fig. 8, this produces a significant angle of attack of 0*; however, the trend with tip-
Increase in rotor performince. path-plane angle is opposite. The slopes of the

drag curves increase as tip-path-plane anlt-of-

lcturc 9 shows the effect of cianges in body attack increases negatively, but the slopes of the

none shape on rotor performance. The nose modifi- lift and pitching-moment curves, appear to be
citbi'n. s1,1n in Fig. 1, was installed in both unchanged. These results cannot be explained as a

upright and inverted positions. The modified nose simple angle-of-attack change caused by differ-

causes a significant reduction in rotor lift-to- ences In the rotor wake velocity; the increased

drag ratio when compared with the baseline nose, downward wake velocity, as thrust increases, would
particularly at an advance ratio of 0.3. However, cause a negative angle-of-attack increment, de-
reducing the upflow into the rotor by Inverting the creasing the lift coefficient.
modified nose. appears to have very little effect.
Part of the effect of the modified nose may be The wind-tunnel-wall effect produces an effec-

caused bv the change in longitudinal nose position. tive angle-of-attack increase as thrust increases.
However, Fig. 8 indicates an increase in rotor per- But, based on the lift curve slope shown in Fig.
formanc, when the baseline nose is moved forward. 10, the wall effect accounts for only a small por-

The data for tie modified nose were obtained only tion of the increased lift shown in Fig. 11. A
for a body angle of attack of 0, but it appears possible explanation for the observed lift trend is

that nose shape Is an important parameter and that that the rotor wake interacts with tine huh wake
the interfk-rence effect of the nose depends on such that the lift on the aft portion of the body

more thin s pImly ilt tipflow irr'duced hv the nose. is Increased. But this would prodoce a negative
increment in pitching moment, a result opposite of

Ff i ., Rotor on ffl) the pitching mononit trend shown. Another possible

explanation for the lift trend is an increased
rhet,, ll' ihow-l the Ionpit nil cinract'r- upflow component ltr till forward portion of t it

isivll for th, Innlltd body. the iodv In the body as thrust incr-,ses. Tins tool1 ic visuili -d
I" ......lv I liO ti it;I tiog h, ,ind the body in tine as an upflow upstream of the lifting rotor disk,
presence of the hub and rotor In the baseline con- as if it were a circular wing. Detailed measure-
fiet ini,. The Interaction of the huh on the body ments of the flow characteristics are needed t,
caui:- a large positive shilt In lift and drag, and define the specific phenomena that produce these

it ogutlve slhift in the pitching moment, as well as interactions.
sipl ciang,.. T Te hub lor tis Investigation is
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Figure 12 shows it. rat i iif body lift to advance ratios were obtained for tils configurn-
rotor thrust and of drag to rotor thrust for n tion. The decrease in body lift caused by moving
constant disk loading of 240 Pa (5 lb/ft2). The the body forward relative to the rotor is about
ratios of body forces to rotor thrust are used to 0.2% of the rotor thrust at advance ratioa of 0.2

Indicate the significance of the interactions, and 0.3. This lift decrease is associated with a
Various combinattonm of advance ratio, rotor tip- drag increase of 0.6% of the rotor thrust at 0.2

path-plane angle of attack, and body angle of advance ratio, but only a negligible Increase at

attack are shown for the baseline configuration, an advance ratio of 0.3
Since the rotor tip speed is constant, the change

in advance ratio is made by changing the free- Since the measured body forces and moments
stream velocity. The body lift and drag include include the interaction of the uncaled hub, as
the diynatic pressure effect, which Increases the well as the rotor interaction, the magnitude of th..
body forces as the advance ratio increases. data may not be representative of full-scale. It

is also expected that Reynolds number is Important

At an advance ratio of 0.3, with the tip- in determining the magnitude of these interactions,
path-plane at an angle of attack of -8*, the body since separated flow regions are Involved. There-

lift is 2.5% of the rotor thrust when the body fore, extrapolating the magnitude of the body
.ngl-of-at tack is 0", andi about 1.2% when the forces and moments to full-scale is not recommended.
body angle of attack 1. -4'. Tie body lift It is expected, however, that the trends observed
de ,rit ss ,is the tip-path-plane angle is moved in this investigation are similar to those at full-
toward 7ero. scale with an appropriately sized hub. Full-scale

testing is required to verify this.
Tie data show a fairly linear variation of

body lift with tip-path-plane angle. Since the Conclusions

total vehicle drag is typically much smaller than

the rotor thrust, small changes in the drag ratio 1. Rotor performance is significantly af-

shown are more important in determining the power fected by the presence of a body of revolution near

reqtuired, especially at high speeds. The drag of the rotor. This interaction can be either favor-
this body is much lower than the drag of a typical able or unfavorable, depending on the configuration
helicopter fuselage; It is also lower than the and operating condition. Parameters with a strong
full-scale RTA. The body-drag results for body influence on this interaction are advance ratio,

angles of attack of 0* and -4* are very similar, body angle of attack, rotor/body separation, rotor/
However, at an advance ratio of 0..2, tilting the body longitudinal relationship, and body nose shape.

tip-path-plane forward increases the drag when the Parameters with a weak influence on this interac-
body angle of attack is 0, but has almost no tlion are rotor tip-path-plane angle of attack and

effect when the body angle of attack is -4*. At rotor thrust.

an advance ratio of 0.3, the body drag Is lowest
when the tip-path-plane angle of attack is -4'. 2. The longitudinal aerodynamic character-

istics of a body of revolution are significantly
Figure 13 shows the body lift. drag, and modified by the presence of an operating rotor and

pitching-moment coefficients as functions of rotor- hub. The hub may be a major source of this inter-

disk loading for various rotor/body positions. action. Therefore, to determine the magnitude of
1'or the operating condition shown, increasing the the interaction, it Is necessary to have a properly

rotor/bodv separation from 8% to 10.2% of the rotor scaled hub. This may require full- or large-scabl

radius decreases the body-lift coefficient and pro- testing.
duces a pottive shift in the body-pitching moment.
htb lift change Is Ind.,pendent of disk loading, but 3. Rotor performance data. determined by

tht , i,'hing-mm, nlt eh.ingi- imi-i'rs to he greater testing full-scal- rotors, generally inhttde tht.
.1 I thrust IelIs. 'h1. drag change is rola- rotor/body interaction effects. These effects may
tivelv smill. Moving the body forward relative to be significant even when a body of revolution is
the rotor, howvr, close. a large increase in body used (as is typically done in wind-tunnel testing).

drag oc,ffilunt. This is assoclated with a nega- Full-scale measurements of these interactions are

tlvk Thift lit piltching moment and lift coefficients required to determine their magnitudes.
that I. Iidcpendent of disk loading.

The following interaction effects of the rotor

Figure 14 shows the effect of rotor/body sepa- and hub on the body aerodynamic characteristics

ration for various combinations of advance ratios vere observed:
and body angles of attack at constant disk loading.

The tip-path-plane angle of attack is -4'
. 

In 1. Body lift increases proportionally with

terms of percent of rotor thrust, the body-lift rotor thrust.
change is negligible; however, there are signifi-

cant changes in body drag for most of the operating 2. Body lift increases as the rotor tip-path-

,onditions. "lie bisly drag Increases as the rotor/ plane is tilted forward at constant thrust.
body separation is increased from 8% to 10.2% of
the rotor radius. This ch.nge In body drag is 3. When the body and tip-path-plane are at
grearr for a hody angle of attack of -4e thin it negative angles of attack, bdcly drag decreases and

s 1.,r ii. body pitching moment becomes less negative ts rotor
thrust increases.

l' sI, h s tio , f ct of hongitai lina l
positlion ,n body lift atd drag for constant rotor- 4. The interaction is dependent on the body

isk h,,eiril. 1I1r,, I n 14 Indiv'tt that the position relative t, the rotor.
variation ,I body lift and drag with advance ratio

Is geinerallv nonlinear; howevcr, data for only two
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