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FPLIGIIT RESEARCH ON REDUCTING HELICOPTLER
PARASITE-DRAG

AJAkkimov, U.Vozhdacv

The problem on reducing airframe parasite-drag is urgent
Tor the purpose to improve performunces and to increase the ca-
pacity and fuel effectiveness of the modern high-gpeed helicopters;

The wind-tunnel investigations using the medium weight he-
licoptcr model have shown that by means of the extermal fuselage
shape optimization in the area of freight-hold doors, exhaust
pipes, swashplﬁte falring and other components the helicopter
parasite~drag may be congiderably reduced. It is known that the
results obtained on the wind-tunnel models and on the full-scale
objects may essentially differ. Therefore to evaluate the effecw
tiveness of the measures on reducing heliGOptef paragite~drag
developed according to the wind-tunnel test results 1t is impor-
tant fo obtain the comparative data on the real objects during
£light. |

The Tollowing consiructive measures on changing Mi-8 heli-
copter fusclage shape were dedigned to evaluate the possibilities
of helicopter parasite-drag reducing (Fig.1): |

- The outer fuel tanks are removed;

—~ The fairings are installed in front of and behind the
exhaugt pipes; | |

- The freight hold doors of the fuselage rear are changed
by the fairing of greater ratio;

- The gwashplate fairing is installed;

- The aerodynamic improvement of fuscelage surface ig per-
formed: the installation of fairings on the projecting units;
the smoothing of projecting parts of glasing, doors, rivet seams

etc.
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The technique to determine during Llight tests the varia-
tions of helicopter equivalent parasite plate surface when rea-
lizing consecutively these measures in order mentioned above.

The variation ?f(fx.g for two comparable vefsiona provi-

ded the constancy of airborne wéight and rotor speed is:
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lie
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,EE ~ power utilization factor determined according to the

test data. '
The parameter 6£>¢Cyb for turbine-engined helicopter is

expressed by formular:

é\:/f/b anp
/0 . .
where 5722¢p -~ the variation of the helicopter standard fuel
consumption per hour required in horizontal flight when perfor-
-ming a transition from one version to another.

- the gradient of the engine power varlation when

D np

changing the fuel consumption per hour which was determined ac-

cording to the test data.

Then for JV/Z Cx S) we have:
c/5G,S)-TEE L QM S
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Prom this relationghip it is clear that for é;?cg 5{)

determination it is necesasary to determine the variation of fuel
consumption per hour in horizontal flight for two comparable

veralong,
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The computation accuracy of 5V{CZ.[3(;;) depends on the
accuracy of é?tgn;> determination. 7

The &Qnp difference will increase according to the
cubic parabola while increasing the flight speed. Therefore when
increasing the flight speed the relative error of drT?fvb
difference determination and consequently the parameter JTZ§Z;53
will be considerably decreaged. To dmprove the cfv(/ZTCﬁ;kg)
debermination accuracy the limitation of Mi-8 helicoplter maximum
flight opeed wag increased from 250 +ill 300 lm/h. The helicop-
ter standard fuel consumption per hour -~ flight speed relations-
hips for different veréions ofAfuselage ghape change are deler-
mined according to the flight test data (Fig.2,3 and 4).

To compute éV/ZC; S)the determination of 5\’@”/, difference
was performed at the speeds more than 200 km/h, At the lesgser
gpeeds the difference is small and close to the Spréad of test
points. The évfiftfx:;) values calculated for the different
vergsions of exiernal fuselage shape according to the fuel con-
gumption per hour -~ flight speed relations are sgshown on the
Pig.5. It can be seen that the constructive measures being reali-
zed are very effective for helicopter parasite-drag reducing.
The outer fuel tanks removal makes it posgsible to reduce the
equivalent parasite plate by 0,65 mz. The installation of fair-
ings® on engine exhaust pipes provides d~{f€(?x 5;) reducing
approximately by 0,1 m2. The freight hold doors change by the
tall cone with the special profile made it possible {0 decrease

Zf[j‘;; up to 0,95 mg. This construcvive measure consgists
of providing the greater fuselage rear ratio from 21/b:1,8 till
2,6 and speciol shaping in longitudinal plane. This Tfuselage reaxr
shange mokes 11t possible to improve considerably it's flow over

which becomes more smooth. The nunber of sgltall zones obtained by

. . ﬂ o
using the silk threads at cruise speed decreases from ~ 7 m
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Con Llie tnlilal verolon) LLLL ~ 2,5 " (ou the moddifled veruilon)
(FMig.6) In case of changing the fuselage rear configuration
stall zones decreasing is the main reason of reducing the para-~
site~drag.

The swashplate fairing installation results in increasing
helicoptexy parasite~dras ~ erfx ;? value hasg increased by
0,2 m”. Due to Interaction interference between the rotor and
the fuzelage and the rotators availability the complex flow pal-
tern in the upper fuselage. doesn'n make 1% possible to reduce
the parasite~drag simply by means of the swashplate nosing-over.

Thé main rotor pylon shape analysié of the helicdpters of
the different countries shows that because of the uhdisﬁurbed
air flow interference and the flow generated by rotor near the
fuselage the egpe~cially careful optimization of the aerodynamic
fuselage shape in this zone is required. _

Marked reducing the airframe drag was achieved by means of
aerodynamic improvement of the fuselage surface: the fairing in-
stallations on the small assemblies, the‘smoothing of the ptqm
Jecting units, the rivet seams and others. The ZEC?X,S value i

2. Ag a result of these measures the total reduc~

reduced by 0,3 m
tion of .ZCJX S ig 1,05 m2 that forms ~ 33% from C;,S' =30 m
(the initial version of Mi-8 helicopter). After flight research
the initial version e%%bt the improvement of the external fuse-
1agé surface was fecovered and the fuel consumptions were detef—
mined.

The difference in the fuel consumptions for this version
confirms that because of the surface smoothing the nzyéixdg
value reduction is 0,25...0,3 m2. Reducing helicopter, parasite-
drag by 1,05 me makes 1t possible to decrease the helicopter
required power at V=150 km/h by 4,5%, at V=200 km/h by 8%, ot
V=300 km/h by 18%. This provides maximum and cruise speed
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inereasing accordingly by 25-30 lm/h and by 20 km/h. During
cruising flight the fuel consumption per kilomelre is reduced by
14% (Fig.7). Cruise speed increasing and fuel condumption per
kilometre reducing result in increasing standard capacity by 18%.

It should be particularly noted that after the fuselage
gshape consatructive changing the vibration level is considerably
reduced, especially at the high flight speeds (Fig.8). At
V=300 km/h the deviations of averdge squaxe vibration g=loads
on the vertical axis are decreased: in the cockpit - by 40%, in
the helicopter centre of mass - by 30%. This vibration reducing
is evidence of decreasing the air flow disturbanoes affecting the
helicopter fuselage. Another factor of vibrations reducing is
decreasing the absolute value of the main rotor angle of atllack
at high speeds leading fto the variable forces reducing generated
by the main rotor.

From the aboﬁe—stated provisions the following conclusions
can be drawn:

1. The developed technique makes it possible to perform
the quantitative evaluabtion of the coensiructive measures on re-
ducing helicopter parasite-drag.during flight tests.

2. By means of providing the rational configuration of the
external airframe shapes of the parasite-drag may be considerab-
ly reduced the modern high-speed helicopters and the spéed per-
formance, fuel effectivenesgs and capacity.may be greatly impro-
ved. For example the constructlve measures performed on the Mi-8
helicopter made it possible to reduce the equivalent parasite
plate surfece of the airframe by ~ 33%.

3. The flow over an airfrome improvement also makes it pos-~

aible to reduce the vibration lewvel.
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Pig.1. Change of Mi-8 helicopter eirframe exbternsl lines

1 - the outer fuel tanks ramoval: 2~the installation o¢f falrings on the engine
exhaust pipes; 3 - the fuselage rear change; 4 - the installation of falrings on
the swashplate; 5-the installation of falrings on the components and the smoothing

of fuselage surface
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™Mgz.2. The standard fuel consumption per houpr~flight
speed reletionships mnp =9660 kg, Pap =95%

O - the initial versions; e - the fuel tanks are removed;

4 - the tanks are removed; the Tairings are instailed on
the exhaust pipes, the fuselage wrear is changed,
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Fig.3. The standard fuel consumption per hour~flight speed
relationships Mpp = 9660 kg, n,, = 95%

—=~the inital version;
O ~the fuel fanks are removed, the fairings are installe
on the exhaust pipes;
4 -the fuel fanks are removed, the fairings are installed,
on the exhaust pipes, the fuselage rear is changed,
the swashplate fairing is installed.
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Pig.4. The standard fuel consumption per hour-flight speed
relationships

——« the initial vergion

0 - the alrframe surface is gmoothen;

0 - the fuel tanks are removed, the Tairings are installed '
on the exhaust pipes, the fuselage rear is changed, the
swashplate fairing is installed, the airframe surface
is smoothen,
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Fig.5. Reducing the equivalent parasite plate

changing the airframe external lines,
initial version
initial version
"b"™ version the

"c!" version the swashplate fairing is installegd;
13" version the alrframe surface Is smoothen

the airframe surface is smoothen:
the outer fuel tanks are removed;

fairings are installed on the ezfhaust pipes;

surface of Mi-8 helicopter




Fig.6. The stall zones on the fuselage rear at V
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marking for silk threads glusing;
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Figa.7. The fuel consunption per kilometre of Mi-O
helicopter

1 - the dinitial version of ailrframe;
2 = the improved aerodynamic configuration of airirame
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P8, The averngse agquare vibration o-loads of Mi-8
helicopter on the vertical axis
0 ~ the initial version; - _
- the improved aerodynamic configuration of alrfrome;
a = in bthe coclkpit;
b - in the helicopter centre of mass
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