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INTRODUCTION

In recent years, gas turbine engines have been replacing piston en-
gines not only in airplanes, but in helicopters as well. The installa-

tion of a high power, low weight engine essentially improves the weight
performance of a helicopter and makes it more economical.

NOT REPRODUCIBLE
Figure 1. The Mi-6 Helicopter.

The Mi-6 helicopter (Figure 1) is the first winged helicopter in the
Soviet Union with a gas turbine engine. It was created in 1957, and series
producticn was begun in 1958, It is the heaviest helicopter in the world,
its maximum flying weight being 42.5 tons, its normal flying weight being 40.5

tons. It has become widely used in civil aviation, and is exported to many
socialist countries and a few capitalist countries.
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This helicopter has established a number uf world records. Ship
Commander R. Kaprelyan lifted a payload of 12,004 kg to a height of
2,432 m in the Mi-6 helicopter in 1957, breaking the world record which
had belonged to the USA, and in 1959, lifted a payload of 10,000 kg to
a height of 4,855 m, thus breaking his own world record once iore.

On 21 November 1959, the Mi-6 established the absolute world's re-
cord for speed -- 262.92 km/hr, which had earlier belonged to the USA.

In 1261, Pilot N. Leshin esteblished a new world speed record in
the helicupter -- 320 km/hr over a 15-25 km course.

Figure 2. The Mi-10 Helij '
NOT REPRODUCIBLE e elicopter,

In September of 1962, the Mi-6 helicopter established 1! new world
records. On 11 September 1962, a crew led by Ship Commander V. Koloshenko
flew a 1,000 km closed course with a 5,140 kg payload in the helicopter
at an average speed of 284 km/hr, thus establishing four world's records:
the record for speed over this course length and the record for 1,000 km
flights with payloads of 1, 2 and 5 T; on 13 September 1962, a crew
led by Ship Commander R. Kaprelyan lifted a payload of 20,117 kg to a
height of 2,700 m, thus establishing three world's records: 1lifting a
payload of 20,117 kg to a height of 2,000 m, and lifting loads of 15 and
20 T to a height of 2.7 km. On 15 September, a crew led by Ship Commander
B. K. Galitskiy flew closed 500 and 1,000 km courses with payloads of
over 2 T at an average speed of 30C.377 km/hr over the 1,000 km course
and 315.652 km/hr over the 500 km course, establishing four world's re-
cords: speeds without cargoes over the 500 and 1,000 km closed courses
and speed over a 1,000 km closed course with payloads of 1 and 2 T.




In September 1966, the Mi-6 helicopter estabiished a new absolute
world's speed record, which still stands today: the crew of Ship Commander
B. K. Galitskiy flew a closed 100 km course at an average speed of 340
km/hr. In 1960, the Mi-10 helicopter (Figure 2) wac constructed on the
basis of the Mi-6 helicopter. This machine is a "flying crane,'" with
high undercarriage to allow it to carry large cargoes suspended exter-

nally. The helicopter can land directly over the cargo placed on a spc-
cial piatform.

The platform is attached using hydraulic clamps to four standard

ball joints and the cargo can thus be prepared for lifting in 2 to 3
minutes.

The flying weight of the Mi-10 helicopter is 43,070 kg, the maxi-
mum permissible payload is 12 T, the flying range with this payload
is 250 km. The maximum range with the main and auxiliary fuel tanks full
is 630 km, the cruising speed with the unloaded platform is 220 km/hr,
with the platform loaded -- 180 km/hr indicated air speed.

The Mi-10 helicopter, like the Mi-6-helicopter, carries two turbine
engines designed by P. A. Solov'yev, with 5,500 horsepower each.

Using the Mi-10 helicopter, on 28 May 1965, Pilot G. Alferov lifted
a commercial cargo of 25,105 kg to an altitude of 2,840 m, thus estab-
lishing two absclute world records: the maximum height of 2,840 m
reached with a cargo of 25,000 kg, and the maximum cargo of 25,105 kg
lifted to a height of 2,000 m. On 26 May 1965, a crew directed by
Master of Sports V. Kologasnko reached a height of 7,151 m ir this
helicopter with a cargo of 20,000 kg.

The Mi-10 helicopter was shown to representatives of foreign gov-
ernments and firms at Vnukovo [airport -- tr] in May 1865 and at the
Paris International Air and Space Show that same summer.

The Mi-10K helicopter, a lightened design with ordinary undercar-
riage {(short legs) (Figure 3) was created on the basis of the Mi-10
helicopter in 1965. This helicopter is designed as a '"flying crane"
for the performance of construction and installation work. Due to its

lightened design, its load carrying capacity is two to three T greater
than the Mi-10,

The Mi-10K has an additional transparent cabin with separate con-
trols located beneath the fuselage of the helicopter for the performance
of construction and installation work by the pilot without an operator
and flight leader, thus increasing the productivity and economy of oper-
ations.

Under the leadership of M. L. Mil', the Mi-2 helicopter with two
GTD-350 turboprop engines, designed by S. P. Izotov, was created in
1961 (Figure 4). The Mi-2 helicopter is a multipurpose machine. Its
passenger variant has a comfortable eight passenger cabin, low level
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NOT REPRODUCIBLE .

of vibrations and good sound insulation. In the agricultural version,
the helicopter carries two tanks with up to 200 kg of chemicals. In

the medical version, the Mi-2 helicopter can carry externally:attached loads,

The flying weight of the helicopter is 3,550 kg. With the main tank
filled (600 1) the flight range is; for the passenger version -- 280

km, or with the auxiliary tanks (2 x 238 1) filled -- 597 km. The maxi-
mum speed at an altitude of 500 m for the passenger version is 210 km/hr,
for the agricultural version -- 155 km/hr. The cruising speed of the
passenger version at 500 m is 205 km/hr, of the agricultural version --
155 ka/hr. The ceiling of the helicopter is 4,000 m. The minimum verti-
cal speed of the passenger version with autorotation is 8 m/sec, of the
agricultural version -- 8.5 m/sec.
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Figure 3. The Mi-10K Hellicopter.

The helicopter can maintain constant altitude with one engine, as-
suring flight safety.

Due to the gas turbine engines, the high quality of planning and the
usage of new materials, this helicopter has high weight performance, high
economy and equals the best foreign helicopters in all indicators.

In May of 1963, Test Pilot B. A. Anopov and Chief Engineer of the State

Scientific Research Institute for Helicopter Aviation L. L. Babadzhanova
established a world speed record for helicopters in weight category IV in
the Mi-2 helicopter: 254.337 km/hr over a 100 km coursc.

In 1961, under the leadership of General Designer M. L. Mil', the
Mi-8 helicopter with one turbine engine was created on the basis of the
Mi-4 helicopter. Then, in 1962, two TV2-117 turbine engines designed by
S. P. Izotov, with 1,500 horsepower each, were installed on this heli-

copter, ax well as a 21.288 m diameter five-bladed lifting rotor (Figure 5).
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The maximum power of the engines is retained up to an altitude of 4,000 m.
In the design of this helicopter, the latest world achievements of science
and technology in the area of helicopter construc- ‘on were considered, so
that it greatly exceeds the Mi-4 helicopter in its flying properties, eco-
nomy and other indicators. The maximum weight of the helicopter is 12,000
kg, its normal weight is 11,100 kg. The maximm speed is 250 km/hr, the
cruising speed is 225 km/hr. The ceiling of the helicopter at its normal
flying weight is 4,500 m, at its maximum weight -- 4,000 m. The maximum
commercial cargo is 4,000 kg, and at maximum weight the flight range is
100 km; with a payload of 3,000 kg, the flight range is 400 km. With the
usage of auxiliary fuel tanks (installed in the cabin), the maximum range
can be increased to 700 km with a payload of 2,000 kg.
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NOT REPRODUCIBLE
Figure k. The Mi-2 Helicopter.

The helicopter is economical, simple to service ard operate, has an
air conditioning, heating and ventilation system, low level of vibration
and a spacious cockpit with good visibility; complete reliability is as-
sured. The helicopter carries the AP-34B four channel autopilot, which
stabilizes the helicopter in flight in pitch, bank, course and altitude.
The helicopter also carries a modern set of navigation instruments. All
of this allows the helicopter to be used at all latitudes at night and un-
der poor weather conditions, including icing conditions.

On 19 April 1964, a crew under the command of Ship Commander V. P.
Koloshenko established two absclute world records in the Mi-8 helicopter:




the record of range over a closed course of 2,465.736 km and the speed

record over a 2,000 km course -- 201.834 km/hr,
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Figure 5. The Mi-8 Helicopter.

The Mi-8 helicopter was shown to representatives oi foreign govern-
ments and firms at Vnukovo in May of 1965, and at the Paris International
Air and Space Show that same summer it was acknowledged as the equal of

the best contemporary foreign models and competitive on the world market.

In 1967, three women's world's records were established in the Mi-8
helicopter: flight over a 500 km closed course at 273 km/hr, over a 1,000
km closed course at 258 km/hr and over a 2,084 km closed course at 258

km/hr.

A team heaided by Lenin Prize Laureate, Doctor of Technical Sciences
N. I. Kamov also designs gas turbine powered helicopters. This team de-
signed the Ka-22 heavy combined helicopter-wingad aircraft (Figure 6).
is a heavy aircraft with two powerful gas turbine engines (5900 horsepower
each) placed transversely on the wings. Each engine powers two rotors:

one is the lifting rotor designed to maintain the lifting force, while the
other is a puller propeller to create thrust during forward flight. A
rotor-winged aircraft has an advantage over helicopters, since it flies

at positive angles of attack, has less drag and fuel consumption and longer

At the end of 1961, a world's speed record over a 15-25 km
This same year, a Ka-22 es-

This

flying range.
course of 356.3 km/hr was set by the Ka-22.
tablished world records for lifting commercial loads of 1,000, 2,000,

5,000, 10,000 and 15,000 kg to an altitude of 2,588 m and a world record
for lifting the maximum cargo to a height of 2,000 m -- 16,485 kg.

This design bureau has also created the multipurpose Ka-26 heli-

copter, using coaxial rotors. One distinguishing feature of this
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helicopter is that the central portion of the machine, located beneath
the lifting rotors, carries nc structures at all. Various types of
equipment can be attached here depending on the application: an ap-
paratus for airborne spray operations, a platform (Figure 7) for trans-
portation of cargo, a removable six passenger cabin, or a winch for
transport of externally supporced cargo. This makes this helicopter a
true multipurpose design. '

Senn

Figure 6. N. |. Kamov-Designed NOT REPRODUCIBLE
Ka-22 Rotor-Winged Aircraft.

Figure 7. The Ka-26 Helicopter. Next to
The Hellcopter We See The Passengers
Cabin And Platform With Cargo. The
Helicopter Carries Spraying Equipment.




This helicopter carries two M-14V26 325 horsepower air cooled, nine
cylinder radial piston engines.

The crew of the helicopter consists of the pilot alone.

The helicopter can be used in the following main versions: cargo-
passenger, medical, agricultural with sprayers, agricuitural with duster,
cargo with platform and as a "flying crane."

Switching the helicopter from one version to another is done by an
operating team (2-4 men in 1-3 hours) using standard equipment an! tools.
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CHAPTER 1. GENERAL CHARACTERISTICS
OF Mi-6 HELICOPTER

§1. Brief information on the Helicopter.

The Mi-6 helicopter with two D-25V turboprop engines is a single lift-
ing rotor helicopter with a tail rotor. The lifting rotor is a five-bladed
all-metal structure, while the tail rotor is a four-bladed rotor with wood
blades. Early models carry a lifting rotor with trapezoidal blades, while
later mod-.s of the helicopter carry lifting rotors with rectangular biades.
Due to its design specifics, the lifting rotor with rectangular blades has
better aerodynamic properties. and creates more thrust with the same power
consumption. '
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Figure 8. The Mi-6 Helicopter:
1, tail rotor; 2, tip beam; 3, lifting rotor blade; &4, lifting
rotor hub; 5, D-25V engines; 6, crew's cockpit; 7, forward land-
ing gear; 8, suspended tank; 9. main landing gear; 10, wing;
11, tail tank.

The Mi-6 helicopter consists of the following main units and systems:
fuselage, wing, stabilizer, lifting rotor, power plant, transmission and




ventilator installation, control system, tail rotor, landing system, hydrau-
lic system, air system, anti-icing system, device for external suspension of
cargo, electric-radio-instrument system and special equipment (Figure 8).

§2. Body of the Helicopter
The Fuselage

The fuselage of the Mi-6 helicopter is a riveted, all metal structure,
consisting of stringers, ribs and duralumirum sheathing of varying thickness.
It consists of four parts: the nose, central, tail and tip beams.

The nose portion of the fuselage contains the crew's cockpit and most
of the equipment.

The central portion of the fuselage contains the engine and reducing
gear sections, load-carrying cabin and fuel tank compartments. The floor
of the load-carrying cabin is a force-accepting structure. Beneath the
floor are the containers for eight fuel tanks; the remaining three fuel
tanks are placed in containers over the ceiling of the load-carrying cabin.
The engine and reducing gear compartments are placed above the load-carrying
cabin. At the end of the cabin are valves and the cargo gangways. The
cabin has one door on the right side, two doors on the left side, and a
central hatch with flaps in the floor.

The tail beam is a duraluminum riveted structure consisting of ribs,
stringers and sheathing. The beam is joined to the central portion of the
fuselage at rib No. 42. Within the beam are the tail shaft of the trans-
mission, the pedal control cables and the stabilizer fastening units.

The tip beam is a continuation of the tail beam angled upward at 47°
to the axis of the tail! beam. The lower portion of the tip beam contains
the intermediate reducing drive, while the upper portion contains the tail
reducing drive, with the tail rotor mounted onto its shaft. The tip beam
consists nf three parts: the keel beam, fixed rudder and removable fairing.
The keel beam consists of an inclined longeron, ribs and duraluminum sheath-
ing. The fixed rudder consists of ribs, a longitudinal assembly (angle sec-
tions), overlapping strips and sheathing. The ribs have an asymmetrical
shape, so that in forward flight the rudder creates an aerodynamic force
directed in the direction of thrust of the tail rotor, thereby unloading
the tail rotor. On the side of the tail rotor, the fixed rudder is covered
with a duraluminum sheet, while on the opposite side it is covered with
linen. The upper portion of the rudder on the left side carries the vents
for exhausting the air which cools the intermediate reducing gear. The
rudder is fastened to the keel beam with screws and self-iocking nuts.
The removable fairing is a duraluminum framework fastened to the keel beam
and fixed to the rudder with screws and self-locking nuts. The fairing is
removed to provide access to the intermediate reducing gear and a fastener
for the shock absorbing upright of the tail support.

-10-
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Wings

The helicopter carries a cantilever wing with a 15.3 m span and an

area of 35 mz. The angle of setting of the right cantilever 1s 15° 45",
of the left -- 14”7 15",

The wing consists of a wing center section bear and the right and
left cantilever beams attached to it. Each wing cantilever consists of
a framework and sheathing., The framework includes a longeron, stringers
and ribs. The wing center beam is of box cross section, riveted up of
thin duraluminum skheeting. The upper and lower walls are reinforced with
stringers and connected with longitudinal profiles. The beam passes be-
tween ribs No. 18 and 19 of the fuselage and is articulated to two fasten-

ing units on rib 18. The lower front units of the beam carry two counter-
units.

The portion of the wiig which is heated by exhaust zases is protected
by a special heat resistant steel screen. The screen is mounted on angle
brackets made of a material with low heat conductivity and fastened by
bolts and anchor nuts. There is a clearance between the screen and the

wing sheathing for the passage of air. A fairing is provided for smooth
attachment of the wing to the fuselage.

Stabilizer

The Mi-6 helicopter carries a stabilizer which can be controlled in
flight to provide the necessary controllability and stability. The control
of the angle of the stabilizer is combined with the "pitch-gas' lever:
when the lever is moved upward, the angle of the stabilizer is increased,
when it is moved downward -- it is decreased. The stabilizer has a sym-
metrical NACA-0012 profile and consists of left and right halves, located
symmetrically relative to the tail beam. The two halves are connected by
a longeron. Each half of the stabilizer (cantilever beam) ccnsists of a
longeron, set of ribs, diaphragms, duraluminum front sheathing, tail stringer,
tip fairing and linen skin. The stabilizer includes two units for fasten-
ing to the tail beam and one unit for fastening the stabilizer control line.

The area of the stabilizer is 4.87 mz. The angle of deflection relative
to the datum line is 5#+1° upward, 13 * 1° downward.

§3. Lifting Rotor, Power Plart, Transmission
and Control System of Helicopter

Lifting Rotor

The lifting rotor of the helicopter consists of a hub and five blades.
The hub is mounted on the shaft of the main reducing gear system. Each
blade is fastened to the hub by three articulated joints: the horizontal,
vertical and axial (longitudinal) joints. The blade performs gyration




movement around the horizontal joint, oscillates in the plane of rotation
around the vertical joint and changes its angle of setting by rotating
around the axial joint. The gyration movement of the blade around the
horizontal joint is kinematically related to the rotation of the blade
around the axial joint by mesns of the swing regulator (compensator):

as the blades swing upward, the angle of setting is decreased, and as
they swing downward it is increased. Thus, the swing compensator in-
creases the stability of motion of the blades and improves other charac-
teristics of the helicopter. The vertical joints of the blades include
hydraulic shock absorbers installed in the hub.

The blades of the rotor are all-metal structures, the load accept-
ing element being a steel tubular longeron, to which 26 sections are con-
nected, which are not rigidly connected to each other. Therefore, when
the blades bend, the sections do not interact with each other, merely

transmitting the aerodynamic and inertial forces directly to the blade
longeron.,

In 1965, a new rectangular blade was created with a constant chord

of 1,000 rm. The load accepting element of the new blade is also a steel
longeron, ind all-metal cold-rolled tube of variable cross section 15,610
mn in length. The blade frame, consisting of 20 sections, is fastened to
the longeron by special fastening units. The sections transmit the aero-
dynamic forces to the longeron; each section consists of a nose and a tail
portion. The tail portion has a honeycomb filler. The rectangular blade
also has a geometric twist. In this blade, the longeron is sealed and has
a system for signaling damage. The lifting rotor has a diameter of 35 m,
both with the trapezoidal and with the rectangular blades.

Both blades include electrical anti-icing devices.

Power Plant

Two type D-25V 5500 horsepower turboprop engines are located above
the cabin, symmetrically relative to the longitudinal axis of the fuselage,
tilted downward at 5° in relation to the axis. The engines are fastened
to the fuselage through brackets and adjustable uprights with rubber shock
absorbers. The two engines operate independently of each other, allowing
flight to be continued with one engine in operation when necessary.

One specific feature of the D-25V engine is the fact that it includes
a free turbine, not kinematically connected to the turbine-compressor por-
tion of the engine. The rotating speed of this turbine can be established
independently of the operating mode of the turbine-compressor portion of
the engine. This provides a number of design and operational advantages:
it allows the desired rotating speed of the lifting rotor to be set as a
function of the flight altitude and regimes, regardless of the rotating
speed of the turbine-compressor section of the engine, improves fuel con-
sumption under various operating conditions of the engine, makes starting
of the engine easier, and eliminates the necessity for a mechanical clutch
in the power plant of the helicopter.

-12-




The engine consists of the following main units and systems:

compressor intake body with drive transmissions of units;

nine stage (eight stage for first series of engines) axial com-
pressor with air bypass after stages III and IV of compressor and per-
forated cavity above first stage of compressor; air is automatically
bypassed through apertures covered by bypass strips;

ring-tube combustion chamber with twelve flame tubes;

single stage turbine for compressor drive;

two stage turbine operating through reducer to drive helicopter
lifting rotor;

transmission to transmit torque from two stage turbine to reducing
drive;

fuel supply system and automatic engine control system;

automatic starting system with starter generator;

lubricating and prompting system;

engine fire extinguishing system;

exhaust pipe.

The operating principle of the engine is 2s follows (Figure 9). Air
frorm the atmosphere is sucked in through a special passage and intake body 1
of the compressor by the nine stage compressor, compressed in it and passed
on to combustion chamber 4. A portion of the air entering the combustion
chamber participates in burning of the fuel, while the main portion of the
air is mixed with the hot gases, thus reducing the temperature of the gases
to the required level before they enter the turbine. From the combustion
chamber, the flow of hot gases enters the turbine. In single stage turbine
5 of the compressor, a portion of the energy of the hot gases (about 50%) is
converted to mechanical energy, expended in rotation of the rotor of the
compressor and the various units. The remaining portion of the energy of
the hot gases is converted in two stage free turbine 6 of the rotor into
mechanical work, which is tyansmitted through transmission 10 and main re-
ducer 12 to shaft 13 of the lifting rotor. The energy of the gas stream
leaving the rotor turbine makes up about 7% of the energy converted to use-
ful power, and is expended in the creation of reactive thrust by the engine.

The engine is equipped with an automatic starting system using a
starter generator which is fed by on board batteries or on ground power
supplies, and an automatic system for adjustment of fuel supply depending
on the operating mode of the engine and of the flying regime of the heli-
copter. Control of all starting operations is automatic. The engine is
controlled using a single lever, installed on an NR-23A pump regulator.

Each engine has a welded exhaust pipe 9 in an internal passage in order
to carry the spent gases out to the atmosphere. The transmission of the
engine, connecting the free turbine shaft to the main reducing gears pass
through this passage as well. The outside of the exhaust pipe carries a
cover with shaped sections welded to the inside, forming spiral channels
to direct the air flow which cools the exhaust pipe.

-13-
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Figure 9. Diagram of Power Plant of Mi-6 Helicopter:
1, compressor intake body; 2, compressor; 3, front motor support;
L, combustion chamber; 5, compressor turbine; 6, free turbine
(rotor turbine); 7, body of rotor turbine; 8, rear engine support;
9, exhaust pipe; 10, transmission; 11, reducing gear fastening
points; 12, main reducing gear; 13, lifting rotor shaft; 14,
radiator; 15, fan.

Above and behind the engines, in the space between the exhaust pipes
is a fan 15 driven by the main reducer. The air from the fan blows over
the oil radiators, and some of this air is directed through pipes to the
exhaust pipes, to the main reducer and to the engine units which require
forced cooling.

The fuel is carried in eleven flexible tanks, divided into five groups.

The total capacity of the main tank is 8150 1. The capacity of the
two suspended tanks is 4500 1 (2250 1 each).

Each group of tanks, as well as the reserve tanks, carry electric fuel
pumps to move the fuel and create the required pressurc before the engine
pumps. Fuel level pickups are installed to measure the level of fuel in the
tanks. Furthermore, the helicopter carn carry two additional suspended tanks

-14-
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on the sides of the fuselage and two more identical tanks inside the cabin.
The fuel from the suspended tanks flows by gravity into tank No. 7. Any
group of tanks can be filled from the tanks inside the helicopter by using
the on board fuel fiiler while on the ground; in flight, fuel can be fed
from these tanks only into tank No. 11.

Expenditure of fuel from the tanks and the sequence of switching pumps
is automatically controlled using the SETS-230A fuel level meter which is
designed so as to retain the operational centering of the helicopter within
permissible limits. Any fuel pump can be turned on or off manually, and the
order of usage of fuel from the tanks can be manually changed.

A neutral gas 1s used in the fuel system, supplied by three eight liter
carbon dioxide tanks mounted above the ceiling of the cabin,

The motor, main reducer and fuel tank compartments are equipped with
a fire extinguishing system which operates automatically in response to
signals from heat sensors.

The power plant of the helicopter has an oil system for the compressor
portion of the engines and an 0il system for the main reducer, free turbines
and transmissions. The oil system for the compressor portion of the engines
consists in turn of two independent o0il systems, so that in case of failure
of one system the other can supply its engine. Each of the oil systems con-
sists of an oil tank, radiator and system of 0il lines.

The 0il system for the main reducer and free turbines consists of two
oil radiators, two bypass valves and lines. The oil for this system is
carried in the crankcase of the main reducer.

The engines, fan and main reducer are covered by a single hood. The
hood consists of air collectors, a front compartment, firewalls, fan and
reducing compartments and a rear fairing. In the future, it is planned to
place hoods over each engine for convenience in servicing and in order to
reduce the volume of work required for the replacement of one engine. In
order to protect the air collectors from icing, electric heaters are mounted
in the nose portion of each collector. The o0il tanks of the compressor por-
tion of the engines are placed between the internal and external fairings
of the air collectors on mounts. In order to increase the convenience of
access in servicing the engines, reducer and fan, there are ladders and tilt-
ing covers, opened and closed by the hydraulic system, on the right and left
sides of the hood.

Transmission and Fan Unit
The transmission of the helicopter is designed for the transmission

of the power from the free turbines to the lifting and tail rotors and to
the fan. The transmission consists of the main, intermediate and tail
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reducers, the tail and tip shafts, the lifting rotor brake and the fan
drive. The main reducer decreases the rotating speed of the free tur-
bine and transmits the torque from the engines to the lifting rotor, tail
shaft and fan installation. Furthermore, the reducer has four drives for
hydraulic pumps, two drives for the generators of the anti-icing system,
two drives for tachometer pickups and two spare drives.

The lifting rotor brake with expanding shoes, the drum of which is
connected to a flange on the tail shaft, is fastened to the rear of the
main reducer body. The brake is used to slow down the entire transmission
including the rotors when the helicopter is parked.

The main reducer and free turbines have an independent o0il system.
The total quantity of oil in the main reducer and its oil system is 260 1.

The tail shaft is used to transmit torque from the main reducer to
the tail reducer through the imtermediate reducer. The shaft consists of
eleven links, nine of which are carried on eight mounts to the intermediate
reducer, two of which are mounted between the intermediate and tail reducers
with a single support. The tail shaft link carries a splined joint, which
compensates for pussible inaccuracies in the setting of the mounts and elinm-
inates the influence of elastic and temperature deformations.

The intermediate reducer transmits the torque from the main reducer
to the tail reducer, decreases the rotating speed and changes the direction
of the tail shaft. Bevel gears with spiral teeth allow the tail shaft to
be set at an angle of 47° upward. The intermediate reducer has two lubri-
cating systems: the main system with forced oil circulation and a duplicate
bubbling system to lubricate the bearings in case of failure of the main
system. Scven liters of oil are poured into the reducer. The intermediate
reducer is fastened to mounts on a rib in the tip beam by four lugs on the
reducer case.

The tail reducer transmits the torque from the intermediate reducer to
the tail rotor and reduces the rotating speed. This reducer has one pair of
bevel gears with special teeth. The reducer includes the pitch control
mechanism for the tail rotor. The tail reducer has an independent oil sys-
tem -- a primary system with forced oil supply and a duplicate bubbling
system. Twenty-six liters of oil are poured into this reducer.

The fan is used to cool the following units: o0il radiators of engines
and main reducer, DC and AC generators, air compressor, hydraulic pumps,
engine exhaust pipes, and also vo force air into the helicopter cabin venii.
lating system. The fan drive is from the main reducer through a cardan
shaft. The quantity of air passing through the ventilator can be adjusted
by changing the setting angle of the blades of the directing apparatus using
a special mechanism.
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Tall Rotor

The helicopter carries an AV-63B variable pitch tail rotor 6.3 m in
diameter. The tail rotor balances the reactive torque of the lifting
rotor, controls the direction of the helicopter and provides directional
stability. The rotor is installed on the shaft of the tail reducer using
involute splines. The pitch of the tail rotor is controlled by pedals from
the pilot's cockpit. The maximum pitch is 23° with the right pedal against
the stop, and the minimum pitch is 9° with the left pedal against the stog.
With the pedals in the neutral position, the pitch of the tail rotor is 4
[sic -- tr]. The tail rotor is reversibie: in flight with the engines
operating it is a pusher, since its thrust is directed to the left, while
in the autorotation mode of the lifting rotor it is a puller, with its
thrust directed to the right. The tail rotor has four blades, which are
wooden with metal binding. The blades have axial joints in order to
change the pitch of the rotor and horizontal joints f£or gyrating motion.
The installation of vertical joints on the blades is being considered for
the future.

Control of the Helicopter

Control of the helicopter relative to the three axes is achieved by
changing the magnitude and direction of thrust of the lifting rotor and
changing the magnitude of thrust of the tail rotor. Longitudinal and trans-
verse control is by the cyclical pitch level 2 (Figure 10) through the auto-
matic skew device, a deflection of which changes the inclination of the
aerodynamic force of the rotor. Directional control is by the pedcls 1,
which operate by changing the pitch of the tail rotor.

In order to create the necessary forces on the control lever and pedals,
and in order to unload them from constant forces in various flight regimes,
the hand and foot control systems include spring loading mechanisms (trimmers)
3, 9 and 10. Control of these mechanisms with manual flight control is by
a switch operating through the MP-100M 8 electrical mechanism. This switch
is located at the top of the lever. With foot control, the electrical mech-
anism is switched on by the terminal switches and buttons installed on
the pedal support areas.

The aerodynamic force of the lifting rotor and engine power are changed
using the "pitch-gas" lever 4. Control of the stabilizer is combined with
the '"pitch-gas" lever: when the pitch is reduced, the setting angle of the
stabilizer is reduced and vice-versa. In addition to the combined control
of engines and lifting rotor pitch with the "pitch-gas'" lever, separate con-
trol of the engines is provided, that is, each engine can be tested without
changing the pitch of the rotor, and the necessary operating mode can be
set for flight with one engine out of operation.

The helicopter has dual control, basically a rigid construction, inde-

pendently by each pilot. The tail rotor and stabilizer use cable control
in the tail portion of the fuselage and the tail beam. The control system
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loading longitudinal control mechanism; b, "p1tch
control levers; 6, 30, 39, 44, 50
MP-~10GM electrical mechanism;

loading foot controls; 11, 21,
engine control cables; i5, 17,
stops; 20, longi tudinai control lines;

27, 36, rockers; 28, 34, 35, 37, llnes with spring devices
trol hvdraullc amplifier:

33, pltch control hydraulic amplifler;
trol to automatic skew slide;
trol lines; 42, 5, roilers; 43, sector; 45, drym

b9, textolite guides; 48, stabilizer contro] mechanism; 52, roller chain;
53, sprocket.

includes two-chamber non-reversible hydraulic pumps .

a three channpe} type AP-31 autopilot, stabilizing the
copter in bank, pitch and course. The autop 1ot opera
hydraulic system, is automatically disconnected in cas

control of the hydraulic amplifier is shifted to manua
up hydraulic system,

The helicopter carries
flight of the heli-

NOT REPRODUZIBLE

Flgure 10. Control Dlagram of Mi-¢ Hel lcopter,

» foot control pedal; 2, cyclical pitch lever; 3, spring mechanjsm for
~gas'' ever; 5, 19, motor
» tension members; 7, hinged link; 8,
9, spring mechanism; 10, spring mechanlsm
pitch control line; 12, 13, 14, 18, 22,
differentials; 16, rocker wlth adjustable

23, engine contro] rocker unit;
» foot contro] line; 25, transverse control lines; 26, guide roliers;
s 29, foot con-
i 32, longitudinal control hydraulic amplifler;
38, unit connecting stabilizer con-
4o, stabilizer control lines; b1, foot con-

T multiplier; 47,
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§4, Landing Devices, Systems of the Helicopter
and Load Suspensior Device

Landing Devices

The landing devices of the helicopter include the three point, non-
retracting landing gear and tail support with liquid-gas shock absorbers.
The track of the main landing gear wheels is 7.5 m, the wheel base is

9.005 m. The parking angle is -2° (datum line of helicopter tilted for-
ward and downward).

The front landing gear is located on the axis of symmetry of the heli-
copter and fastened to mounts on rib No. 1 of the central portion of the
fuselage. It has two nonbraked turnable 720 x 310 mm wheels. The tire

pressure is 6 kg/cmz for both wheels.

The main landing gear are a pyramid type, consisting of half axles,
rear supports and dual chamber shock absorbers, fastened to mounts on ribs
No. 18 and 22 of the central portion of the fuselage. The half axles of
the main legs of the landing gear carry brake drums measuring 1325 x 480

mm. The initial pressure in the tires is 7 kg/cmz. The wheel brakes use
single action cylinders. The wheels are braked by means of the pneumatic
system of the helicopter. The high pressure chamber system of the landing
gear legs contains a spring-shock absorber unit with 11nes connecting it to
the high pressure chambers.

The tail support protects the tail rotor and tail beam from accidently
contacting the ground as the helicopter is landed. It consists of a shock
absorber, two supports and a foot.

. The shock absorbers use type AMG-10 fluid, totaling about 64 1, in-
cluding: in the two high pressure shock absorbers 40 1, in the two low
pressure shock absorbers 9.6 1, in the front shock absorbers 6 1, in the
tail support shock absorbers 2.25 1, in the spring-shock absorber unit and
lines -- 6 1. The initial nitrogen pressure in the shock absorbers is:

high pressure chambers on main landing gear 48 kg/cmz, low pressure chambers

-- 14 kg/cmz, front landing gear 27 kg/cmz and tail support 60 kg/cmz‘

Hydraulic System

The hydraulic system of the helicopter consists of the main, backup
and supplementary systems. The main and backup system are used to supply
all hydraulic amplifiers in the control system. The supplementary system
operates the windshield wipers, unblocks the "pitch-gas" lever, adjusts
the height and back tilt of the pilots' seats, automatically closes the
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fan blades in case of a fire in the reducer compartment and operates the
external lifting wench. On the ground, this system opens and closes the
cargo flaps and hatches as well as the access hatches in the hood.

The main, backup and supplementary system pumps are installed on the
drive lines of the main reducer, assuring normal operation of the system
in case of engine failure and transition of the helicopter into the lift-
ing rotor autorotation mode.

The hydraulic system operates using AMG-10 fluid at a working pres-

sure of 120-155 kg/cmz, with the temperature of the surrounding medium

from 60 to -50° C. The fluid enters the hydraulic system from a hydraulic
tank, separated by a baffle into two cavitizs, each of which feeds the main
and duplicate systems separately. The supplementary system is supplied
from the upper portion of the backup system tank cavity.

The main system has two NSH-2S hydraulic pumps, while the backup and
supplementary systems have one eack. Each system has a hydraulic accumu-
lator, an automatic pump unloading device (GA-77), coarse and fine filters,
a manometer, electric valve and other urits. The hydraulic accumulators
of all three systems are filled with technical nitrogen.

The total quantity of fluid in the hydraulic system is about 120 1,
including 55 1 in each side of the hydraulic fluid tank.

The hydraulic system provides for duplicate operation of all units
in the control system with the exception of the autopilot.

Alr System

The air system of the heiicopter is used to brake the wheels of the
main landing gear, control the air bypass system from the compressors of
the engines and control the valves of the hot air lines in the cabin heat-

ing system. Compressed air is carried at a pressure of 50 kg/cm2 in cylin-
ders, using the cavities in the upper portion of the main landing gear shock
absorbers as cylinders., These cylinders are filled with air by an AK-50T
compressor installed on the left engine. On the ground, the cylinders are
filled by compressed air from cylinders at the airport through an external
filling nozzle on a special air system panel.

Anti-lcing System

The anti-icing system is designed to protect the helicopter from icing.
Anti-icing devices are carried on the blades of the lifting and tail rotors,
in the front ends of the air intake collectors and in the glass of the pilot's
and navigator's compartments. All anti-icing devices, except for the anti-
icing device of the tail rotor, are electric heating devices. The blades
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of the lifting rotor have ice ejecting deicers which operate cyclically,
and the air intakes and pilot's and navigator's compai‘tment windows have
constantly heated deicers preventing the formation of ice. The blades
of the tail rotor have a liquid anti-icing system.

The anti-icing devices are powered by 280 v three phase AC. This
current is supplied by two SGS-90/360 generators. The helicopter has a
system signaling the beginning of icing.

Device for External Suspension of Cargo

The helicopter is equipped with a special device designed for fasten-
ing and transpertation of large cargoer suspended outside. For this pur-
pose, a special girder is installed in the cabin above the centrai hatch,
carrying a hydraulic clamp. Barriers are piaced around the hatch inside
the cabin for safety, and a ring is installed in the bottom of the fuse-
lage to prevent the csble from pressing against the sides of the hatch.
Loads are lifted and lowered using a LPG-3 wench installed ir the front
portion of the cabin.

Depending on the conditions, loads may be huoked up with the helicopter
landed beside the load or with the helicopter hovering over the load. Hook-
up of a load with the helicopter hovering over it can be performed vsing a
coupling hitch or by direct attachmert of the brackets of the suspension
system to the hook of the main cable, whick is attached to the hydraulic
clamp. This latter method provides the most rapid and reliable attachment
of cargoes and is therefore recommended for usage if conditions permit.

When necessary, a load may be released in flight. In order to insure
reliable operation of the load releasing system, control of the opening of
the swivel clamp is separate: two electrical devices are used with normal
and emergency release wires. A normal release is achieved by pressing on
the ''normal release' button on the 'pitch-gas" lever. If the normal re-
lease system does not operate (failure of the device or the wire), an
emergency release can be performed by pressing on the "emergency release'
button of the '"pitch-gas" lever of the left pilot. In case of a failure
of the electrical and hydraulic system, the load can be released by the
maaual emergency release system, which is done by the operatoi. This re-
quires that the "release' lever be rotated to its dovnwird position and
that the swivel -'amp be opened by moving the emergency openivg lever down-
ward, without removing the shock absorber from this lever.

§5. Electrical, Radio, Instrument and Special Equipment
Electrical Equipment

The electrical equipment of the Mi-6 helicopter provides for normal
~eration of the piloting and navigational apparatus, engine operation
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indicator instruments, radio devices, signal apparatus, lights, engine
starting system, anti-icing devices, fire extinguishing system, electrical
equipment of hydraulic system and operation of the electrical mechanisms
and electrical cranes.

The helicopter carries both AC and DC power supplies. DC power is
supplied by the two type STG-12TM starter gencrators and two type 12SAM-
55 batteries, each consisting of two half-batteries, carried in four con-
tainers. The DC electrical system consist: of the main, emergency and ac-
cumulator systems.

The AC power supply on board the helicopter consists of two type SGS-
90/360 three phase generators of 90 kw each, operating at 360 v. The navi-
gational and radio equipment is supplied with alternating current using
P0O-1500, PT-S500TS, PAG-1FP and P0-250 inverters. The AC and DC electric
power supplies are controlled from the flight engineer's control panel.

Radio Equipment

The radio equipment installed on the helicopter consists of two main
grov, ': the radio communications and radio navigation equipment. The
radic communications equipment includes the 1-RSB-70 (R-807) radio set
with the US-9 receiver, the command radio set and the SPU-7 intercom sys-
tem. The radio navigation equipment includes the ARK-5 automatic radio
compass, the RV-Z2 radio altimeter and the marker radio receiver.

The power supply to the radio apparatus is by 27 v AC and by a single-
phase AC circuit at 115 v through the P0O-1500 inverter. In case of failure
of the main power supply of the P0O-1500, it can be switched manually to AC
supplied by the SGS-90/360 generators through reducing transformers.

Iinstruments

The helicopter is equipped with a full set of piloting and navigational
instruments, instruments for engine operation and instruments to test the
operation of individual systems, allowing piloting and navigation problems
to be solved for day and night flying under all weather conditions. The
indicators of the various instruments and apparatus are placed on control
panels and at the working positions of the pilots, navigator, radio opera-
tor, flight engineer and medical worker.

Heating and Ventilation
Thz helicopter carries a forced air heating and ventilating system

for the cockpit and cabin. The heating system is a dual circuit type. Hot
air from the sleeves around the engine exhaust pipes passes through two
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air-air radiators and heats cold air pumped to the radiators from the cargo
cabin or from the external atmosphere. The heated air is then returned to

the cabin and cockpit. The quantity of warm air fed into the cockpit can
be adjusted by each member of the crew.

The heating system lines can bz used to ventilate the cockpit and cabin.
Furthermore, the cabin is ventilated by air pumped in by the fan. The air
is distributed hy a special box to the ventilating devices on both sides of
the fuselage. Type DV-3 fans are included for local air circulation at the
pilots, navigator, flight engineer and radio opcrator positions.
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CHAPTER 11. SPECIFICS OF THE AERODYNAMIC LIFTING SYSTEM
AND FUSELAGE OF THE HELICOPTER )

§6. Gecmetric Characteristics of the Lifting System
Geometric Characteristics of the Lifting Rotor
Diameter. Although tliz Mi-6 helicopter has high flying weight, its

rotor diameter is relatively small, only 35 m. We know that the required
diameter of a lifting rotor for a helicopter can be determined from the

formula
2
D—l/ P

As we can see from the formula, the diameter of the lifting rotor of
a helicopter for a fixed weight can be decreased only by increasing the
spe€¢ific load. It is not suitable to make a large diameter rotor, since
this leads to an even greater increasz in the weight of the lifting system
and decreases the weight performance of the helicopter.

The blade profile is an important geometric characteristic of the lift-
ing rotor. In the Mi-6 helicopt:: various profiles are used along the length
of the blade in order to improve the aerodynamic characteristics of the 1lift-
ing rotor and improve the flying and other properties of the helicopter.

The trapezoidal hlade has the NACA-230M profile from sectors 2 to 20,
and the special TSAGL P-57-9 high speed profile from sectors 22 to 27.

tor 21 is a transitional section (NACA-230M profile merges smoothly with
the TSAGI P-57-9 profile).

Sec-

In the rectangular blades, sections 1-17 have the NACA-230M profile,

sections 19 and 20 (end of the blade) have the TSAGI P-57-9 profile, while 0
section 18 is the transitional section.
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The end portions of the blades have the high speed profile since they
move at greater linear velocities than the blades of other helicopters.
For example, even at the minimum permissible rotating speed of the lifting
rotor (78% on the rpm indicator, or 113 rpm of the lifting rotor) the linear
speed of the end of the blade is 207 m/sec, and at the maximum permissible
rotating speel (90% on the rpm indicator, briefly, or 130 rpm of the lifting
rotor) the linear speed of the end of each blade reaches 238 m/sec.

Profile P-57-9 has a high critical M number (Mcr) in comparison to the

NACA-230M profile. For example, whereas for the NACA-230M profile with an
angle of attack for 0 lifting force Mcr = 0.72, or with Cy = 0.6, Mcr = 0.64,

with the P-57-9 profile the critical M numbers are 0.772 and U.665 respectively.
Therefore, if the blade operates at angles of attack corresponding to Cy =

0.6, the critical speed when flying near the earth under normal atmospheric
conditions will be

Vcr = a+0.665 = 341,1 x 0,665 = 227 m/sec.

Consequently, at less than 227 m/sec, shock waves and additional drag will
not appear.
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Figure 11. Plan Form of Blades.
a, Trapezoidal; b, Rectangular.

L1

With the lifting rotor operating between the minimum permissible
speed and the speed recommended for all flight regimes (78-83%), the lin-
ear speeds of rotor tips will be 207 to 220 m/sec, which is beneath tlic
critical speed (227 m/sec). At higher rotating speeds or in forward
flight, the air flow speed around the blades at azimuth 90°will be higher,
and at high altitudes the critical speed will decrease as a result in the
decrease of the speed of sound; therefore, under these conditions the
flow around the blade tips will be supercritical, compression jumps and
additional drag will appear, which must be considered in aerodynamic cal-
culation of the power consumption for flight of the helicopter (the 'com-
pressibility"” phenomenon).
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Blade form in plan. The Mi-6 helicopter uses blades which are
trapezoidai in plan and new blades which are rectangular in plan. The
trapezoidal blade consists of 26 individual sections (2 through 27) fas-

tened to a steel longeron by special fastecners. The base portion of the

blade from sections 2 to 7 (from r = 2.650 m to r = 7.480 m) has a rec-

tangular form in plan with a chord of 1.248 m, while the end portion from
sections 8 through 26 has a trapezoidal form with the minimum chord at the

theoretical tip section of 0.62 m (Figure 1la).

“he rectangular blade consists of 20 separate sections. The chord of
the blade is 1 m in length (Figure 11b). A rectangular blade is poorer in
the aerodynamic respect than a trapezoidal blade with otherwise equivalent
geometric paramcters. However in this case the rectangular blade is su-
perios in other geometric parameters (e.g., relative profile thickness, geo-
metric twist) to the trapezoidal blade, which improves its aerodynamic

characteristics.
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Figure 12. Geometric twist (A¢) and relative thickness
(c%) of trapezoidal blade of Mi-6 helicopter lifting

rotor as a function of r.

Geometric twist of blade. For the trapezoidal blade, the geometric
twist is provided as follows. At section No. 2 (r = 2.650 m), the twist
angle is greatest -- 2° 38', then it decreases linearally to 0° 35' in
section 14, after which it increases once more to 2° 13' in section No.

15 and subsequently decreases linearally to 0° at the end of the theoreti-
cal cross section. The stepped change in twist angles is provided to de-
crease dynamic stresses in the longeron of the blade (Figure 12).

In the rectangular blade, the twist is equal to 5° 48', following a
linear rule of change without steps (Figure 13). This great twist signifi-
cantly improves the aerodynamic properties and flying characteristics of
the helicopter: the lifting force is more evenly distributed over the
length of the blade, a general increase in the thrust of the blade is
achieved, power assumption for rotation of the blade is decreased and the

maximum flight speed is increased.
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The relative thickness of the blades, both trapezoidal and rectangu-
lar, decreases toward the end of the blade, which improves the aerodynamic
qualities of the rotor by increasing the critical speed and “cr of the

blade tips, which in turn decreases the torque consumed by the rotor.

The relative thickness of the trapezoidal blade at the base is 17%;
it decreases by stages toward the tip of the blade, reaching 9% at the
27th section. The relative thickness of the rectangular blade at sections
1 and 2 is 17.5%, at sections 4, 5 and 6 is 14.5%, at sections 8-17 is
13% and at sections 19-20 is 11%. Sections 3, 7 and 18 are transitional

(Figure 13).
NOT REPRODUCIBLE
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Figure 13. Geometric Twist (A¢) And Relative thickness

(cz) of Rectangular Blade of Lifting Rotor of Mi-6
Helicopter as a Function of r.

The specific load on the area swept by the blade. The specific load
influences the vertical speed in the autorotation mode and the thrust per
unit power. The higher the specific load, the greater the vertical speed
in autorotation. Consequently, it is good to have low specific load. The
less the specific load over the swept area, the greater the thrust of the
lifting rotor per unit power, since

i I
from which -
T=—
V'pr
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The lifting rotors of helicopters have relatively low specific
loads; therefore, they develop high specific thrust per unit of power
(4-6 kg per hp), whereas airplane propellers, with high specific loads,
develop low specific thrust (about 1.5 kg per hp). Consequently, from
this standpoint as well it is good to have low specific load over the
swept area. However, this requires a large diameter rotor, which in-
creases the weight of the rotor and decreases the weight performance of
the helicopter. Therefore, the Mi-6 helicopter, with a flying weight of
40 T, uses a relatively high specific load over the swept area.

P = G/F_ = 40,000/960 = 41.7 kg/m?.

The filling coefficient of the lifting rotor of the Mi-6 helicopter
is higher than that of any other single rotor helicopter; for the trape-
zoidal blade rotor it is 0.0864, for the rectangular blade rotor it is
0.091. With this filling coefficient, high thrust is created and the re-
quired setting angles are reduced, moving flow separation to the area of
high speeds.

The setting angle of the blade (pitch of the rotor). As in other
helicopters designed by M. L. Mil', the pilot's cockpit in the Mi-6 heli-
copter carries type USHV-1 indicators showing the pitch of the 1lifting
rotor (for both pilots). The range of change of the rotor pitch is from
1 to 13,5°, The pitch of the lifting rotor indicated by the instrument is
an arbitrary number, while the actual angle of the blades, i.e., at a radius
of 0.7 R, is 4.75° higher than that shown by the pitch indicator. There-
fore, the actual angle at radius 0.7 R will be equal to the setting angle
shown on the indicator plus 4.75°. At other blade sections, these numbers
will be different, due to the twist of the blade. This lack of correspon-
dence between the setting angle on the pitch indicator and the actual angle
creates no difficulties in piloting.

Weight of blades and lifting rotor. All blades of the Mi-6 helicopter
weight 3,575 kg, the lifting rotor hub weighs 3,250 kg, the total weight of
the 1ifting rotor is 6,825 kg, 16% of the maximum weight of the helicopter.
The weight of the lifting rotor of a modern, single rotor helicopter should
be 9 to 15% of the total flying weight of the helicopter. Therefore, in-
creasing the diameter of the 1ifting rotor or the weight of the helicopter
with the same lifting rotor diameter would not be expedient, since it would
decrease the weight performance of the helicopter.

Geometric Characteristics of the Wing

The form of the wing in plan is trapezoidal. The wing span is 15.3 m,
the base chord is 2.667 m, the tip chord is 1.809 m, the mean aerodynamic
chord is 2.35 m. The area of the wing including the portion in the fuselage

is 35 mz, the aspect ratio is 6.7. The profile of the wing is symmetrical,
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type TSAGI P-35-12. The relative thickness of the wing at the base is
15% of the chord, at the tip -- 12%. The wing has two antiflutter loads
of 20 kg each, located on the right and left sides at wing rib 32.

The setting angle of the right wing {(between the chord of the wing
and the plane of rotation of the lifting votor) is 15° 45', the angle of
the left wing is 14° 15'. The degradation in setting angles of the right
and left wings of 1.5° decreases the right bank of the helicopter during
forward flight without slipping and increases the transverse reserve of
control at high flight speeds. The inductive flow from the lifting rotor
passes around the two wings asymmetrically: the flow is more intensive
around the left wing, since the inductive flow of the forward moving blades
at 90° azimuth is higher than at 270° azimuth. Therefore, a left bank ef-
fect is created. This effect was produced by aerodynamic calculation and
tests of helicopter models in the wind tunnel.

Therefore, a degradation of angles of setting of the wings opposite
to that used was tried. However, flying tests showed the opposite result:
large right bank resulting from the high moment of inertia of the hub due
to displacement of the horizontal joints.

Up to 1966, the wing on the Mi-€ helicopter was controllable. The
setting angles mentioned above were used for flight regimes with operating
motors. In the autorotation regime , the wing was shifted to lower angles
of setting: for the left wing -- 4° 15', for the right wing -- 5° 45'. It
was found that the flying properties of the helicopter were changed very
slightly when gliding using the setting angles designed for flight with the
engines operating, and that the stability and controllability were retained.
Therefore, in order to simplify the design and increase operating reliability,
the wing was fixed rigidly with the settingz angles noted above for flight
with engines operating.

§7. Kinematic Characteristics of Lifting Rotor

The kinematics of the lifting rotor of the Mi-6 helicopter do not differ
in principle from the kinematics of the 1lifting rotor of the Mi-4 helicopter.
The 1ifting rotor of the Mi-6 helicopter, like that of the Mi-4 helicopter,
has articulated blade suspension. In vertical flight regimes and in forward
flight, the blades act just like those of the Mi-4 helicopter: they occupy
certain positions in the three joints, oscillate around these positions, and
form a cone of rotation. A swing regulator is included.

However, there are certain specific differences in the kinematics of
the Mi-6 helicopter lifting rotor, which we will discuss.
Rotating Speed of Lifting Rotor and Linear Speeds of Blade Tips

As we established earlier, the free turbine of the engine has no kine-
matic connection to the turbine-compressor portion of the engine; bo:h
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turbines are driven by the stream of hot guses from the combustion cham-
bers. The rotating speed eof the compressor turbine varics from the mini-
mal idling speed (5500 + 100 rpm) to the maximum speed in the takeoff
regimes at 3,000 m altitude (10,580 rpm) (measured)!. The ITE-2 =
compressor speed indicator is set in the left panel of the ptilot's instru-
ment panel and is duplicated on the instrument panel of the flight engineer.
The scale of the device is graduated in percentages of the compressor ro-
tating speed from 0 to 100. 10,640 rpm of the compressor is taken as 100%,
so that 1% is equal to 106.4 rpm. Consequently, according to the indicator
the minimum permissible rotating speed is 51.5 *# 1%, the maximum permissible
speed is 99.5%.

At the idle, the rotor turbine develops 3400-4000 rpm, and in all other
modes, including the takeoff mode, it develops 7800-8300 rpm, with speeds
of 9000 rpm permitted briefly. The ITE-1 free turbine (lifting rotor) ro-
tating speed indicator also shows the speed in percentages. In this case,
1% corresponds to 100 rpm of the rotor turbine, so that no conversions are
required. Then the minimum rotating speed of the rotor at the idle is 34-
40%, the normal speed in all regimes is 78-83% and the maximum permissible
rotor speed is 90%. The rotating speed indicators for the free turbine are
installed on the left and right panels of the pilot's instrument panel.

The main reducer decreases the rotating speed of the free turbine by
69.2 times, so that the actual rotating speed of the lifting rotor, i.e.,
for the minimum permissible speed of operation in all modes is: 7800:69.2 =
= 113 rpm, the maximum permissible speed is 8300:69.2 = 120 rpm and the
maximum (brief) speed is 9000:69.2 = 130 rpm.

The linear speed of the tip of the lifting rotor blade is determined
from the following formula:

U=uwR = ﬂnB/SO R,

where w is tle angular speed;
R is the radius of the lifting rotor;
n, is the rotating speed of the lifting rotor in rpm.

The linear speed of the blade tip of the rotor at 113 rpm (78% on the
indicator) is:

U= 3.14¢113/30 17.5 = 207 m/sec.

Ipata for D-25V second series engine, Serial No. $3422014.
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Correspondingly, at 120 rpm (83%) the tip speed is 220 m/sec, and at

125 rpm (87%) it is 229 m/sec, and at the maximum briefly permissible
speed of 90%, it is 238 m/sec.

Characteristics of Flying Regimes

In aerodynamic calculations for the Mi-6 helicopter, vrelative sresds
are used: the flying regime characteristic u and the flow factor X, Al-
though these velocities are not used in flying practice, they cannct be
avoided in an analysis of many problems of practical aercdynamics.

The flying regime characteristic is the ratio of the flight speed of
the helicopter to the linear spcod of the blade tip of the lifting rotor
or the ratio of the diameter of the reverse flow zone to the retor radius

p =V cos A/JuR =~ V/uwR = d/R.

For the Mi-6 helicoptar in the hovering mode u = 0, and at the maxi-

mum forward speed it is 0.4. Therefore, the flying speed of the helicopter
will be V = pwR.

For the recommended maximum speed of the lifting rotor with trape-
zoidal blades at all flight modes up to 3,000 m altitude (83% on the in-
dicator) the linear speed of the blade tip is 220 m/sec. Each value of
flight regime characteristic corresponds to a given flight speed:

u = 0.05 - 40 km/hr; u=0.25 - 200 km/hr;
= 0,10 - 80 km/hr; p = 0.30 - 240 km/hr;
p = 0.15 - 120 km/hr; u = 0.35 - 280 km/hr;
¥ =0.20 - 160 kn/hr; ¥ = 0.40 - 320 km/hr.

Consequently, we can consider that on the average an increase in the

flight regime characteristic by 0.05 corresponds to an increase in flight
speed of 40 km/hr.

Blade Joints

The horizontal blade joint of the Mi-6 helicopter has the same pur-
pose as "he horizontal joint in the Mi-4 nelicopter. The possible maximum
swing angle of the blade upward (upper horizontal joint stop) is 25°, the
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hanging angle with the support on the bracket is 7° (rotating speed of
lifting rotor over 70-80 rpm), with the support on the dog of the centrif-
ugal limited -- 2° 10' (rotating speed of lifting rotor over 70-80 rpm)i.
The spread of the horizontal joints is 400 mm (dimension b, Figure 14).

The centers of the lugs in the lifting rotor hub are displaced rela-
tive to the axis of rotation forward in the direction of ratation by dis-
tance a, which is 85 mm for the Mi-6 helicopter. Therefore, the horizon-
tal joint is rotated relative to the radial direction by angle y = 6°.
Distance a, and therefore angle y, are selected such that in the principal
flight modes the resultant force N, blade drag X and centrifugal force Fcf

of the blade are direcced along the axis 0102. In this case, even distri-

bution of loads is provided between the needie bearings (M and H) of the
horizontal joint, their durability is increased and the forces on the thrust
bearings of tne joint are decreased.

Figure 14, The Horizontal Joint,

Swing Regulator. The blades perform gyrating motion around the hori-
zontal joints both due to cyclical changes in the pitch of the lifting
rotor upon deflection of the automatic skew mechanism, and due to the
asymmetrical field of velocities and aerodynamic forces on the swept sur-
face during forward flight. Due to the gyrations of the blades during
forward flight, the axis of the cone of rotation of the lifting rotor and
its aerodynamic force are deflected to the rear and to the left. The Mi-6
helicopter includes a swing regulator with a characteristic of 0.4. Due

Icentrifugal hanging limiter mechanism operates -—on acceleration
at 80 rpm, upon deceleration at 70 rpm.
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to this swing regulator, the blade performs oscillations about the axial
joint, i.e., the setting angle of the blade changes: with an upward
swing, the setting angle decreases, with downward swing it increases.

The change in the setting angle A¢ in this case will be equal to the pro-
duct of the swing angle 8 times the characteristic of the swing regulator
K:

4¢ = K.

The swing regulator changes the direction of drop of the angle of the
cone of rotation and its aerodynamic force: they now drop away to the rear
and right. The drop away to the right creates a side force, balancing the
thrust of the tail rotor.

Gyrating movement coefficients. As we know from the general aero-
dynamics of a single rotor helicopter, the magnitude of gyrating motion
is characterized by the gyrating motion coefficients, which determine the
drop of the axis of the cone to the rear (al) and right (bl) of the shaft

axis. These coefficients are shown on Figure 15 for the Mi-6 helicopter
in horizontal flight as a function of the flight regime characteristic.
As we can see from the figure, the axis of the cone of rotation drops to
the rear at cruising speeds (u = 0.25-0.30) by 8°, and to the right by an
angle of over 3°, while at maximum in horizontal flight the axis of the
cone of rotation will drop away even more strongly.

NN '
2
2 /
Figure 15, Gyrating Motion Coeffi-
' o cients as a Function of Charac-
g, teristic of Forward Flight Regimes:

_ a, drop of cone of rotation to

] // ; ’ the rear; bl’ drop of cone of
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Momnent of inertia of. hub due to span of h.j. If the cone of rotation
of the lifting rotor is not deflected, the centrifugal forces of the blades

-33-




are directed parallel to the base of the cone of rotation and create no

moments (Figure 16a). If the cone
clical pitch lever or due to angle
flight, a centrifugal force mumeiit
direction of the deflection of the
axis of the cone of rotation drops

of rotation is deflected using the cy-

flow over the blades during forward

is created on the hub, directed in the

axis of the cone of rotation. When the
away by angle a, (Figure 16b), the cen-

trifugal forces of the blades Fcf will be directed in parallel to the

axis of the base of the cone, arm ¢ will be set up between them and the

hub moment Mh = Fcfc arises.
a) e I =
5O a2 e
w
Fcf ’ cf
I .
g, !
=
. ———
e = Fer
2 L -— ./{i\ ’ T""
F . - 1\
cf Direction of flight

-

Figure 16. Moment of Inertla of Hub Due to
Spread of Horizontal Joint.

The greater the spread of the horizontal joints and the drop of the
cone of rotation, the greater will be the hub mroment. The moment will be
longitudinal if the cone of rotation moves in the horizontal plane, and
transverse if it moves in the transverse plane. The longitudinal hub
moment is directed in the direction of movement of the cone (to the rear)
during forward flight and is a pitching moment, the transverse moment of
the hub during forward flight is also directed in the direction of move-
ment of the cone of rotation (to the right) and gives the helicopter a
right bank. The same moments arise when the equilibrium of the body of
the helicopter relative to the cone of rotation is disrupted, but in this
case they are damping moments and prevent further disruption of equilibrium,
providing a certain static stability to the helicopter in both the longitu-
dinal and transverse directions.

Vertical and axial joints. The blades of the Mi-6 helicopter have

vertical and axial joints in addition to the horizontal joint. The blade
can move around the vertical joint forward in the direction of rotation by
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14° (front stop of V.J.) or backward by 18° (rear stop of V.J.) from the
perpendicular to the axis of the horizontal joint. The vertical joints of
the Mi-6 helicopter have hydraulic dampers, which have more stable charac-
teristics, lower weight and simpler servicing and operation than friction
dampers. A helicopter with hydraulic dampers of the vertical joints is
less subject to '"ground resonance" since the moment of friction in these
dampers does not remain constant as in friction dawpers, but rather in-
creases with increasing oscillating amplitude. The spread of the verti-
cal joirt is greater than spread b of the horizontal joint (See Figure 14).

The axial joints of the blade allow their setting angles to be
changed in order to change the lifting force. The setting angles are
changed for all blades by the same quantity by changing the general pitch
of the lifting rotor, and they alco change continvsliy due to the cyclical
change in the pitch of the rotor and under the influence of the swing regu-

lator.

Eliminatior of Noncoaxiality of Lift Rotor

Determination of the noncoaxiality of the lifting rotor of the Mi-6
helicopter is performed by photographing the blades during operation of
the rotor on the grcnd and in flight using a special camera. The relative
position of the images of the tips of the blades on the film indicates the
required adjustment to provide coaxiality of rotation of the rotor blades.
We will analyze here operations on elimination of noncoaxiality of the lift
rotor when the rectangular blades are used. This work consists of the fol-
lowing stages: -preparation of the helicopter for photography, ground pre-
paration of the 1lift rotor, photography of the blades in flight, processing
of the film and analysis of the results of flight photography and, finally,
adjustment of the lift rotor blades.

Figure 17. Dlagram of Placement of (Camera
in Horizontal Plane.
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Preparation for photography. A special flag plate which is in-
cluded with the camera is placed on two bolts on blade No. 1 (in section
14). The length of the plate is 160 mm, the width is 60 mm. Placement
of this flag is required to allow distinction of blade No. 1 on the film.
After locating the image of blade No. 1, the other blades forming the re-
maining images can be determined by counting.

The camera and bracket are installed on the right side in the cabin
inside the third blister. It is adjusted in the horizontal plane so that
its lens is directed at the end of blade No. 1, set on the right side fac-
ing forward at an angle of 45° to the longitudinal and the transverse axes
of the helicopter (Figure 17).

Ground preparation of 1lift rotor. If a new set of blades is being
installed on a helicopter, the preliminary setting of the bodies of the
axial joints is performed by adjusting the length of the blade rotating
tension members to identical length (320 * 1 mm between lower end of upper
fork rest and upper end of lower fork nut). The flaps should have an ini-
tial mean bend angle for each blade of 2° downward from the lower surface
of the blade.l

The mean angle of bend of the flaps for a given blade is determined
using the formula

Sp1.av = S£1.1av ¥ %f1.2av * Sg1.3a0/3

The mean angle of bend of each flap (e.g., No, 1)2 is determined by the
actual angles (A, B, C) measured in three cross sections: the end near the
basz of the blade, middle and near the tip of the blade:

é = A+ B+ C/3.

fl.lav

In this case the angle of bend of the flap sections (A, B, C) is positive
if the reading is taken on the sector of the angle measuring device scale
located above the zero; it is negative if the angle is read on the scale
sector located below the zero.

lThe angle of bend is determined by a special angle measuring
device, and the flap is hent with a special tool.

2Each blade carries thrce flaps; the one located nearest the
base of the blade is considered the first flap.
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If a set of blades is being installed on the helicopter which has
been operated and adjusted earlier on another helicopter, the tension
member lengths and flap bending angles should correspond to those writ-
ten in the documentation accompanying the blades.

Photography of the blades on the ground should be performed in calm
weather or with a wind speed of not over 4 m/sec, with the helicopter
loaded to normal flying weight or pulled down.

After this preparation, the engine is started and warmed up. A
general pitch of the lift rotor of 5° is set, and the rotating speed of
the free turbine is set at 78%. The camera is pointed and fixed in the
vertical direction so that the tips of the blades as they rotate pass at
the level of 1/3 height of the viewer from its upper edge. With the en-
gine operating mode stabilized and witkout touching the control devices,
on the command of the person performing the start up and testing of the
engines, the start button of the camera is depressed for 5-6 seconds to
make the pictures.

Then the motors are stopped, the film cassettes are removed from the
camera, developed and dried. The pictures are used to determine the devia-
tion from conical travel of the rotor blades. Each millimeter of displace-
ment of the tips of the blades on the film corresponds to a vertical dis-
placement of the blade tip of approximately 45 mm. The relative displace-
ment of the ends of the blades (deviation from conical path) should not ex-
ceed 1.5 mm on the film, corresponding to an actual displacement of 70 mm.
If the deviation from conical path exceeds these limits, it must be elim-
inated as follows: the blade (or group of blades) which is seen on the
film above the "base" blade has a higher angle of setting, so that the ten-
sion member on this blade should be shortened; a blade whose end passes
below the "base" line has a lower angle of setting, so that its adjusting
tension member should be lengthened. In order to move the end of a blade
by 1 mm on the film, its tension member must be rotated by three faces.

As soon as the deviation from the conical path is eliminated, the
same test of conicity must be performed by photographing the blades with
the free turbine rotating at 83% with the same general pitch -- 5°.

Photography of blades in flight. The photography of the blades in
flight is performed after all of the adjustment work descrited above is
performed on the ground.

Photography is performed in a stable horizontal flying regime at
300-500 m altitude with the free turbine rotating at 79%, with indicated
flight speeds of 150, 200 and 300 km/hr. Flight must be performed in
quiet atmosphere. During photography, all control levers should be left
unmoved. The camera is turned on in stable horizontal flight at one of
the speeds mentioned above for 2 seconds, then photography is repeated for
the other speeds.
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Processing of film and analysis of results of photography. The
dried film is laid out so that the images of the blade tips are down-
ward, with the blade bases upward, with the beginning of the film on
the left, the end of tle film on the right, so that the vertical dis-
placement of the tips of the blades on the film is in the same direction
as their actual displacement, and counting of the blades is performed
from right to left (Figure 18a). The flight regimes are also indicated
on the film and the flag is used to find blade No. 1.

The location of the blade tips on the film produced by ground photog-
raphy or in flight at the extreme regimes (V = 150 and 300 km/hr) is
used to determine the 'base" blade or group of blades, which are selected
so as to provide for the minimum required adjustment. The tips of the
"base'" blade (blade No. 5 on Figure 18a) are accurately connected by
straight lines through each revolution. The displacement of the tips
of the other blades relative to these lines is determined.

Based on the displacements of the tips of the other blades from the
"base" blade in millimeters, a graph of adeflection is constructed as a
function of flight speed (Figure 19). This graph is used to select the most
efficient version of adjustment: in the exampie presented here, all blades
had to be adjusted to reduce their deflection from '"base' blade No. S. The
graph is also used to determine the deflection of each blade in the speed
range from 150 to 300 km/hr. If the deflection of a blade tip throughout
the entire speed range does not exceed * 0.5 mm relative to the tip of the
"base" blade, this blade need not be adjusted (blade No. 1). If the deflec-
tion of the tip of the blade throughout the entire speed range remains un-
changed or increases with increasing speed and is 10-20% higher at 300 km/hr
then at 150 km/hr, these blades are adjusted only by changing the length
of the blade control tension member (blades No. 3 and 4). If the difference
is greater than 10-20%, the blades must be adjusted for low speed by chang-
ing the lengths of the tension members, and for high speed by bending the
flaps. If the blade is found to "run through'" the area, that is, at 150
km/hr the blade tip is above the 'base'" line, while at 300 km/hr it is be-
low the '"base" line (blade No. 2) or vice versa, this blade must be adjusted
by bending the flaps and changing the length of the tension member.
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NOT REPRGDULISLE Figure 18. Samples of Film:

a, nonadjusted lifting rotor; b, adjusted lifting rotor.
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Figure 19. Graph of Deflection of Blade Tips of Lifting Rotor
Based on Results of Photography in Horizontal Flight: 1,
Blade No. 1; 2, Blade No. 2; 3, Blade No. 3; 4, Blade
No. 4; 65, Blade No. 5 (''base").

Adjustment of 1lifting rotor blades is performed by changing the
lengths of the control tension members of the blades and by bending the
flaps. One rotation of the tension member changes its length by 3 mm,
which changes the setting angle by 0° 27', displacing the end of the
blade at 150-300 km/hr by 90-100 mm on natural scale, corresponding
to 2 mm on the film. Changing the angle of deflection of the flaps by
0.5° displaces the end of the blade by 20-25 mm when flying at 150 km/hr
(0.5 mm on the film) and by 40-50 mm when flying at 300 km/hr (1 mm on
the film).

During the process of adjustment of conicity of the lifting rotor,
the limiting permissible mean bending angles of the fiaps should be within
0-4° downward. The lengths of the blade control tension members (between
the ends of the tips) should be between 305 and 320 mm.

After adjustment, one more test flight is made, with photography of
the blades in the same flying regimes. The relative displacement of the
ends of the blades should not exceed 1.5 mm on the film or 70 mm actual.

§8. Aerodynamic Characteristics of the Lifting Rotor
Aerodynamic Characteristics of Blade Profiles

Figure 20 shows the aerodynamic characteristics of the NACA-230M
profile at various M numbers: Figure 20a shows the 1ift factor Cy as

a function of angle of attack, while Figure 20b shows the polars of the
NACA-230M profile at various M numbers. As we can see trom the curves,
the aerodynamic characteristics of the profile become considerably worse
as we go down to the low M numbers at which the main portion of the blade
operates.
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Figurs 21 shows the aerodynamic characteristics of profile TSAGI
P-57-9 (high speed). Figure 2la shows the curves of the lift factor as
a function of angle of attack for various M numbers (from 0.30 to 0.74),
while Figure 21b shows the polars of the same profile for the same M
numbers. Here the drag coefficient is taken only for the profile resis-
tance without considering inductive drag. As we can see from the curves,
the M number is increased to the high values at which the tips of the
blades operate, the aerodynamic characteristics of the profile become
worse: Cy decreases and Cxp increases.

Polar of Lifting Rotor in Hovering Regime

In the aerodynamic calculation, the characteristic of the entire
lifting rotor ir the hovering regime is represented in the form of a
polar. The polar of the lifting rotor is a curve showing the thrust
factor T_ and torque factor Mt as functions of the pitch of the lifting

rotor ¢. Coefficient Ty is similar to the lift factor of the wing Cy’

while coefficient Mt is similar to the drag factor of the wing Cx' The

polar of the lifting rotor in the hovering mode for the Li-6 helicopter
is shown on Figure 22. We can see from this figure: the higher the pitch
of the lifting rotor, the greater the torque factor. Consequently,

the greater the torque of the lifting rotor, the higher the thrust

factor and the thrust of the lifting rctor in the hovering regime.

Thrust of Lifting Rotor in Hovering Regime

The thrust of the lifting rotor in the hovering regime is deter-
mined in the general case by the formula presented by N. Ye. Zhukovskiy.

- T=(33,251, )/ SIDN %3,
33.25 Ny is the Willner coefficient;

P

sﬂ-is the relative density of the air;
0

€ is the power utilization factor;

D is the diameter of the rotor;

Ne is the power of the engine.

A=

We can see from the formula that the thrust of the lifting rotor
does not change in proportion to the power, but more slowly--to the
2/3 power.

For the Mi-6 helicopter, the thrust of the lifting rotor in the

hovering mode was determined according to the polar using the following
formula:
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vwhere Fom is the area swept by the lifting rotor;

o is the filling factor of the lifting rotor;
wR is the linear speed of the tip of the blades;
ty is the thrust factor. With increasing altitude, the thrust

developed by the rotor in hovering decreases, as we can see from both
formulas.

Maximum thrust developed by the rotor of the Mi-6 helicopter with
trapezoidal blades in the hovering mode is shown as produced by calcula-
tion as a function of altitude on Figure 23. Here the thrust is given
for two engine operating regimes: the liftoff and combat regimes, without
considering the influence of the earth and with consideration of the in-
fluence of the nearness of the earth (air cushion). As we can see from
the curves, at sea level altitude in the liftoff regime, without con-
sidering the influence of the earth, the rotor develops a thrust of over
38,000 kg; with consideration of the influence of the air cushion, the
thrust is 42,000 kg. In the combat regime of engine operation, the
thrust is less both with and without consideration of the influence of
the nearness of the earth. As the altitude of hovering increases, the
thrust of the rotor decreases in all cases.

0 Voo gz g1 a0 ¢

Figure 20. Aerodynamlc Characteristics Figyre 21
of NACA 230-M Profile: a, Lift factor ’
as a function of angle of attack; b,
Profile polars.

Aerodynamic Charac-
teristics of TSAGI P-57-9 Profilz:
a, Lift factor as a function of
angle of attack; b, Profile polars.
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Figure 22. Polar of Mi-6 Lifting Rotor in
Hovering Regimee

Figure 24 shows curves of the thrust developed by the rotors of the
Mi-6 helicopter in three engine operating regimes: takeoff, combat and
nominal, as a function of hovering altitude for a rotor with rectangular
blades (solid curves) and trapezoidal blades (dotted curves), produced
by flying tests and corrected to standard atmospheric conditions. From
this figure we can see that the stronger the engine operating regime, the
stronger the thrust of the rotor using trapezoidal or rectangular blades;
furthermore, the lower the hovering altitude, the greater the thrust of
both types of rotors, due to the influence of the air cushion effect.
Outside the zone of influence of the air cushion (H = 40 m), the rotor
with rectangular blades develops more thrust than the rotor with trape-
zoidal blades at all engine operating regimes. For example, the rotor
with rectangular blades in takeoff regime develops a thrust of over
37,000 kg, in the combat regime--slightly less than 36,000 kg, and at
the nominal regime about 34,000 kg, while the rotor with trapezoidal
blades develops thrusts of 36,000, 34,500 and 32,000 kg at the same al-
titude, i.e., averaging 1,500 kg less. During forward flight, this dif-
ference is even greater. This is explained by the fact that the rotor

with rectangular blades has better geometric and aerodynamic character-
istics,

As we come closer to the earth, this difference begins to decrease
due to the sharper increase in the thrust of the rotor with trapezoidal
blades in comparison to the increase in the thrust of the rotor with
rectangular blades. At a height of 12 m from wheels to surface or more
precisely in the altitude range 1C-15 m, this difference is zero, i.e.,
both rotors develop practically identical thrust in the same engine
operating regime at this altitude. At this same altitude in the takeoff
regime, both rotors develop a thrust of 40,000 kg, in the combat regime--
38,500 kg and in the nominal regime 36,000 kg. At lower altitudes, the
trapezoidal blade rotor develops greater thrust.
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Figure 23. Maximum Thrust of Lifting
Rotor of Mi-6 Helicopter as a Function

of Altitude in Hovering Regime: 1,
Without considering ground influence;

2, Considering ground influence; 3, Take-
off regime; 4, Combat regime.
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Figure 24. Thrust of Lifting Rotor as

a Function of Engine Operating Regime and
Hovering Altitude: 1, Rectangular blades;
2, Trapézoidal blades; 3, Takeoff regime;
L, Combat :egime; 5, Nominal regime.

Thus, at an altitude of 5 m, the rectangular blade rotor develops
a thrust at the power levels mentioned of 43,000, 41,000 and 38,000 kg,
while the rotor with trapezoidal blades develops 1,700-2,000 kg more
(see Figure 24),

This is explained by the fact that the rotor with rectangular
blades has a greater '"exposed'" central area than the rotor with trapezoiial
blades. For this reason, at altitudes below 15 m, the rotor with rec-
tangular blades has poorer thrust characteristics than thc rctor with
trapezoidal blades.
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At a hovering altitude of over 15 m and in forward flight, the
rotor with rectangular blades has better thrust characteristics than
the rotor with trapezeidal blades.

Consequently, when hovering near the surface of the earth, the
thrust of the lifting rotor is greatly increased in all engine operating
regimes, particularly for the trapezoidal blade rotor. For this rotor,
the effect of the air cushion has a greater influence, since the central
portion of the swept surface is better filled with the blades and there-

fore better conditions are created beneath the blade for maintenance of
increased pressure.

Figure 25 shows the change in relative thrust T/T_ of a lifting

rotor with trapezoidal blades as a function of the relative hovering al-
titude H/D. We can see from the graph that the influence of the air
cushion begins to appear at a relative height of 0.8, which is 28 m from
the earth to the wheels of the helicopter chassis. As the helicopter
moves closer to the earth, the effect of the air cushion increases and
at a relative altitude of about 0.15, the relative thrust is 1.15, i.e.,
the thrust near the earth is 15% greater than the thrust of the same

rotor developed outside the zone of influence of the earth (free thrust
T.).

Flying tests have established that the change in the normal rotat-
ing speed of the engine turbine compressor when operated within the
limits of the range established by the technical conditions for the take-
off regime (93-95%) leads to a significant change in the thrust charac-
teristics of the lifting rotor. For example, decreasing the rotation

speed of the turbine compressor by 0.8% in hovering decriases the free
thrust of the lifting rotor by 1,000 kg.

N (N N (0 Figure 25. Characteristics of
i Lifting Rotor Mi-6 Helicopter
’ in Hovering Regime in Zone of

= Influence ¢f "Air Cushion."

o|x
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Flying tests have shown that the installation of rubber shielding
on the blades to prevent abrasive wear has practically no influence on
the thrust characteristics of the lifting rotor, and therefore leaves
the flying and technical characteristics of the helicopter practically
unchanged.

The influence of the wing on the thrust of the lifting rotor during
hovering. As we know from the aerodynamics of a singie rotor helicopter,
the lifting rotor, located near the fuselage, creates less thrust than
an isolated rotor would create due to the drag of the fuselage against
the inductive flow directed downward. The thrust developed by the rotor
will be decreased by the magnitude of this drag. 1In the Mi-6 helicopter,
voth the fuselage and the stub wings are located in the downward flow;
therefore, the thrust of the rotor is decreased by an even greater quan-
tity. Experiments performed at TSAGI have indicated that the "lifting
rotor plus wing" system of the Mi-6 helicopter creates 2% less thrust than
an isolated rotor in hovering. As the flight speed increases, the harm-
ful influence of the wing on the lifting rotor Jecreases, so that in for-
word flight it need not be considered.

§9. Aerodynamic Characteristics of Fuselage and Wing
Aerodynamic Characteristics of Fuselage and Keel Beam

Figure 26 shows the coefficient of lifting force of the fuselage

cy as a function of angle of attack. The angle of attack ¢f the fuse-
f

lage is r=ad from its longitudinal datum line. As we can see from the
graph, at zero angie of attack the lifting force factor is also equal to
zero. This indicates that the fuselage has aerodynamic symmetry, al-
though it is not geometricaily symmetrical. With positive angles of
attack the 1lift force factor, and therefore the lift, will be positive,
while with negative angles of attack they will be negative. The lift of
the fuselage is determined from the formula

Y o=y A
f c)’f D) »

where S is the area of the wing, including the pertion covered by the
fuselage.

Figure 27 shows a pular diagram of the fuselage of the Mi-6 heli-
copter, which shows that it is expedient to fly with angles of attack near
zero, at which the drag is minimal. In order to maintain the angle of
attack near zero at cruis g speeds, the shaft of the lifting rotor is
set at an angle of 5° in the Mi-6 helicopter. The drag of the fuselage
is determined from the formula
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Figure 26. Lift Factor of Fuselage of
Helicopter as the Function of Angle of
Attack.
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Figure 27. Polar Diagram of Mi-6 Heli-
copter Fuselage.

The tip beam, consisting of the keel beam, fixed rudder and remov-
able faring, has a total area of 9.4 m2. The fixed rudder has an asym-
metrical shape uue to the corresponding form of its ribs. As a result of
this, during forward flight the rudder creates a lift directed in the
direction of the thrust of the tail rotor during flight regimes with the
engines operating--to the left, thus unloading the tail rotor. This un-
loading of the tail rotor is particularly necessary at near-maximum
speeds, since at these speeds a great reactive torque is created by the
lifting rotor, requiring high thrust of the tail 1otor. The fixed rudder
is most effective at these speeds.

In the autorotation mode, the fixed rudder will have a negative in-
fluence, since its lift will be directed opposite to the thrust of the

tail rotor, requiring an increase in the negative pitch of the tail rotor.
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However, this flying mode is rare, so this negative influence is of no
practical significance.

Aerodynamic Characteristics of the Wing

Figure 28 shows the lift of the wing as a function of its angles
of attack. We can see from the graph that with a zero angle of attack
the 1lift is quite slight. This indicaces that the profile of the wing
is symmetrical. The curve also shows that at the critical angle of
attack, equal to 20°, Cymax is over 1.1.

o [454 o 8¢,
i w
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Figure 28. Lift Factor of Figure 29. Polar Curve
Mi-6 Helicopter Wing as a of Mi-6 Helicopter Wing.
Function of Angle of Attack.

Figure 29 shows the polar curve of the Mi-6 helicopter wing.

The required wing angles of attack for any flving mode increase with
increasing speed and altitude of the helicopter, since the higher the
speed and altitude, the more necessary it is to unload the lifting rotor
by increasing the lift of the wing {Figure 30).

The available (true) angles of attack of the wing in flying modes
with engines operating change as follows with altitude and height. At
low forward flight speeds, the angles of attack of the wing are slight,
since a great inductive force from the lifting rotor acts on the wing,
pressing the main airflow downward as it approaches the wing. For
example, at 120 km/hr, the angle of attack of the wing is approximately
8°. With increasing flight speed, the pitch angle of the helicopter de-
creases, leading to a decrease in the angle of attack of the wing, but
since the inductive flow from the lifting rotor decreases, at speeds up
to 200 km/hr the angle of attack increases to 13-14°., Further increases
ir. the flying speed cause the angle of attack cf the wing to decrease
as a result of the decreased pitch of the helicopter, in spite of the
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increased angle of actack resulting from the decrease in inductive flow.
A change in altitude causes the angle of attack of the wing at these
same speeds to change slightly due to the changes in the inductive flow
as a function of flying altitude. At flight speed up to 200 km/hr, the
angle of attack decreases with increasing altitude, since the inductive
flow from the lifting rotor increases. At speeds of over 200 km/hr, the
angle of attack increases with increasing altitude.

gl

. available angles

A i, i
: /‘ required angles
l ot’atfack

|
|
Y s i 3o v, km/hr

Figure 30. Required and Available

Angles of Attack of Mi-6 Helicopter
Wing in Flying Modes with QOperating
Engines.

In the autorotation (gliding) mode, the available (true) angle of
attack of the wing changes as follows as a function of flight speed
(Figure 31). At low speeds, the angle of attack is high, since the ver-
tical descent speed is high. As the flight speed increases to the
economical speed, the vertical descent speed decreases to the minimum,
and therefore the angle of attack of the wing also ducreases and becomes

minimal.

With a further increase in speed, the angle of attack with the
wing once more begins to increase due to the increased vertical descent

speed.

d"
15 \
4 ~ V7
/]
100 1Y) J0o
¥, ka/hr

Figure 31. Available Angles of Attack
of Wing in Autorotation Mode of Lifting
Rotor.
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The angle of attack of the wing in the autorotation mode is also
influenced by the change in pitch angle as a function of flight speed;
therefcre, the minimum angle of attack will he at a speed higher than
the economical speed.

Lift of wing. In the hovering mode and at low flight speeds, the
wing creates a negative lift due to the influence of the inductive flow
from the lifting rotor on the top of the wing. Thus, in the hovering
mode, the 1lift is 2% of the total weight of the helicopter (thrust of
the lifting rotor), i.e., about 800 kg. As the forwsrd flight speed in-
creases, the angle of attack of the wing increases, and when it becomes
equal to zero at some forward speed, the lifting force is also equal to
zero., Further increases in speed cause the lift of the wing to become
positive, and at 200 km/hr it is 14% of the lift of the lifting rotor,
at 250 km/hr it is 19% of the rotor lift and at 300 km/hr it is 25% of
the rotor lift. Thus, at high flight speeds the wing creates considerable
1lift, significantly unloading the lifting rotor.

Aerodynamic Characteristics of '"Fuselage + Wing'' System

Figure 32 shows a curve which demonstrates the change in lift factor
of the "fuselage + wing' system cy fay 35 8 function of its angle of

attack a As we can see from the graph, the lift factor of the system

few’
increases up to fuselage angles of attack of 5°, then decreases and, be-
ginning at 9° angle of attack, increases once more, reaching the same value
as that of the wing at the same angle of attack at 20° (see Figure 28).

The 1lift factor cy fow is zero only with a negative angle of attack of

the fuselage of -8°.

Figure 33 shows a polar diagram of the 'fuselage + wing" system.
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Figure 32. Lift Factor of Figure 33. Polar Diagram

"Fuselage + Wing'' System as of '"Fuselage + Wing'' System.
a Function c¢f Fuselage Angle
of Attack.
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§10. Tail Rotor Characteristics

The geometric parameters of the AV~63B tail rotors are as follows:
6.3 m diameter, blade width 0.5 m at r = 0.7, blade profile NACA-230,
relative thickness 0.096 at r = 0.9, rotor filling factor 0.202. Weight
of one blade 60 kg, of rotor 570 kg.

The kinematic characteristics of the tail rotor are the same as
those of the lifting rotor. The blades have axial joints allowing the
overall pitch of the rotor to be changed, and horizontal joints used to
perform flapping movements relative to the plane of rotation. The blade
can be deflected from the plane of rotation on the horizontal joint by
15° in either direction. The degree of reduction is such that the rotat-
ing speed of the tail rotor is decreased by 12.24 times in comparison
to the rotating speed of the free turbine. The rotating speed of the
tail rotor at the minimum permissible rotating speed of the free turbine
(7800) is 7800:12.24 = 637 vpm, at the maximum speed (8300j--678 rpm and
at the maximum short-term (9000)--735.

The tail rotor, like the lifting rotor, forms a diag cone in for-

ward flight which causes, with the aerodynamic force of the rotor, both
longitudinal and lateral forces.
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CHAPTER 111. REQUIRED AND AVAILABLE HELICOPTER POWERS

§11. Required Power

The required power consumed by the Mi-6 b:licopter, as is the case
for any helicopter, is made up of inductive power, airfoil power and motor
power., Furthermore, in the hovering mode and at low flight speeds, addi-
tional power is required to create additional rotor thrust due to the
harmful influence of the wings. This additional power requires greater
inductive and airfoil power, since creation of the additional thrust to
balance the drag of the wing requires high inductive speed, leading to
an increase in inductive drag of the blades. Furthermore, the airfoil
resistance is increased due to the increase in the total lifting rotor
or its rotating speed.

Influence of compressibility of air. 1In forward flight, beginning
at moderate flight speeds, the Mi-6 blades have supercritical true speeds
through the air in the (-180° azimuth. At this point the compressibility
of the air begins to have an influence on the characteristics, leading to
the appearance of wave drag, which must be overcome by applying additional
power, called the compression power. The higher the flight speed, the
greater the wave drag, the greater the power required to overcome it.

Consequently, the compression power increases with increasing flight
speed.

The higher the flying altitude, the greater the compression power,
since the compressibility of the air increases due to the decrease in the
speed of sound. In the aerodynamic calculations for the Mi-6 helicopter,
compressibility of air is considered by increasing the required torque
factor

m —=m -3t com
T T without com

The change in the increase of required torque Amcom with horizontal flight

speed and altitude is shown on Figure 34.

Consequently, the required power for forward flight of the Mi-6
helicopter will consist of the inductive, airfoil, mover nt and compres-
sion powers
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The variation of these powers as a function of horizontal flight
speed is shown in general form on Figure 35. As we can see from the
figure, the inductive power is maximum at hovering, decreasing with in-
creasing speed, since a greater mass of air moves through the lifting
rotor per unit time. The airfoil power is minimum at hover and increases
with increasing speed due to the increased airfoil losses. The movement
power is equal to 7ero at hover, increasing with increasing speed due to
the increased harmful drag. The compression power appears at moderate
speeds, increasing with increasing speed. The summary required power for
horizontal flight, as is the case for any helicopter, decreases up to the
economical speed, then increases at speeds above the economical speed.

An om__u_ﬂmu....
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Figure 34. A Change in Required
Torque Due to Compression with
Flight Speed and Altitude.
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Figure 35. Change in Required Powers for Horizontal
Flight ~f Mi-6 helicopter as a Function of Speed.
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The total required torque for flight of the helicopter is determined
from the formula

M, =m, 0,54 (.«)R)’f Fou 3R

where st is the area swept by the rotor cycle;

R is the radius of the rotor.

The required blade setting angles (total pitch of rotor) changes
similarly to the change in required power as a function of horizontal
flight speed: as the speed increases from zero to the economical speed,
the required general pitch of the lifting rotor decreases, then as speed
increases further, it increases (Figure 36).

¢gen
: .

| v, km/hr
Figure 36. Required General Rotor
Pitch for Horizontal Flight of Mi-6
Helicopter.

§12. Available Power
Characteristics of D-25V Engine

The choke characteristics of this engine are shown on Figure 37.
The horizontal axis shows the relative numbers: ratio of rotating speed
of turbine compressor in a given engine operating mode to rotating speed
at the nominal mode n*c/ntc ; expressed in percentages. The vertical
nom

axis shows the relative powers N/Nnom’ the relative specific fuel consump-

tion Ce/Ce and the relative gas temperature T/Tnom’ also expressed in
nom -
percentages.

As we can see from the curves, with the choke valve open, the operat-
ing speed of the turbine compressor n,.» pover of the engine N and gas

temperature T beyond the turbine increase, while the specific fuel consump-
tion Ce decreases. The increase in effective power Ne with increasing

rotating speed is explained by the simultaneous increase in air flow

~53-




through the engine and specific effective power (with increasing degree
of increased pressure of the air nk). The specific effective fuel con-

sumption decreases continually with increasing rotating speed due to the
increased degree of increase of pressure and temperature in the eagine.

Operating regimes of D-25V engine. Table 1 shows the operating
regimes of the D-25V engine, second series, beginning with serial No.
C3532013 under standard atmospheric conditions near the earth and at
3,000 m altitude. Second series engines up to No. C3532013 have higher
turbine compressor operating speeds, while first series engines have
lower turbine compressor operating speeds.

The normal cperating speed of the turbine compressor will refer to
the rpm given for standard atmospheric conditions considering the regula-

tion.

The '"measured' rotating sneed will refer to the rotating speed pro-
duced according to the indications of the instruments in flight at the
temperature and altitude noted.

The D-25V engine is quite sensitive to changing temperatures of the
surrounding air and flying altitude, since these changes lead to a change
in the quantity of air passing through the engine and its power. In
order to retain power within the required limits, the rotating speed of
the turbine compressor must be altered. The higher the temperature of
the surrounding medium and the higher the flying altitude, the higher
must be the speed of the turbine compressor.

The maximum permissible 'measured" turbine compressor speeds as a
function of surrounding air temperature and flying altitude for second
series engines from No. 3532013 up are shown in Table 2.

Y
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TABLE 2. MAXIMUM PERMISSIBLE COMPRESSOR OPERATING SPEED
AS A FUNCTION OF AIR TEMPERATURE AND FLIGHT ALTITUDE IN PERCENT

Alr Temperature in °C
8| ¢ gl e
o
H, x I ; 8 [ O O R P PO
? & 1 -] 2 & % I X *
1 S ] 1 i A = & =
0 85,5186,5[83,0|sa,51¢€0,5]a,0193,5}04,5!¢5,6]097,3
300 36,588,085 191,016%2,5193,5]9,019,519,0] —
1000 §8,0 [ $9,5190,5192,0193,5]95.0{96.0]97,5]98,5] —
130 §9,690,51920193,5195,019,0197,5]98,51 — —_
2000 0519200630l 01,5(060{907.501000] — | — | —
2N N,5163,0104,5i%,0{975]0¢| — | -] -] =
3000 6251940 93,3 1970 1985 |MW35]| — - - -—
_ 3300 93,5195,01¢6,5;98,0{9,5] — -_— — - -
40600 94,5 196,0197,5199,5] — -— - —_ - —_
and more

NOT REPRODUCIBLE

Table 2 shows the rotating speed of the turbine compressor in
percentages according to the ITE-2.

The maximum permissible gas temperature beyond the turbine for
second series engines as a function of surrounding air temperature and
"measured" rotating speed of turbine compressor is shown in Table 3.

TABLE 3. MAXIMUM PERMISSIBLE GAS TEMPERATURE BEYOND TURBINE
FOR D-25V ENGINE, SECOND SERIES

. 3 i

fotating speed of | Loe Leleratare g oo

turbine according — L) P !

to ITE-2, % | - —20+-0 0+20 I 2120 _
' !

Up to x3 . 130 175 310 ’ 260
NSk ! +0 310 10 l 593
4t .50 380 300 | 630
45--09 ! 650 650 630 - | 650

: !

The exhaust gas temperature is measured by 2TVGZ-1 devices installed
on the instrument panels of the pilots and flight engineer.

The power of the D-25V engine in takeoff regime near the earth is

5500 x 2 = 11,000 Hp on the free turbine shaft. The takeoff mode of the
engines is used for takeoff and landing of the helicopter, for vertical
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rlight movements, particularly under difficult climbing conditions, and
also when flying with one engine. In the takeoff aode of engine opera-
tion, the general lifting rotor pitch is approximately 9° with the gas
corrector fully to the right, if the helicopter is tied down or in the
hovering mode. If the helicopter is moving forward, the general pitch
of the lifting rotor will be greater than 9°, since the lifting rotor
is lightened by the speed and must be made heavier to maintain the re-
quired rotating speed, using the general :'itch lever.

In the combat engine operating mode, the power near the easth is

5200 x 2 = 10,400 Hp. The combat mode is used under the same conditions
as the takeoff mede.

At the nominal operating mcde of the engine, the power on the free
turbine shaft near the earth is 4700 x z = 9400 Hp. The ncminal operating
mode is used principally for climbing. ’ )

At the first cruising operating mode (0.85 nominal), the power on the
shaft of the free turbine at the earth is 4000 x 2 = 8,000 Hp. This mode
is used for climbing and horizontal flight of the helicopter.

In the second cruising mode (0.66 nominal), used principally for
horizontal flight at cruising speeds, the engines develop a power of

3100 x 2 = 6,200 Hp on the shaft of the free turbine at ground level under
standard atmospheric conditions.

These engine operating modes can be produced at ground level using
the "pitch-gas" lever with right correction: the greater the pitch, the
higher the operating mode of the engine. In forward flight, these engine
operating modes are set with the proper pitch and position of the gas
corrector as a function of the flying mode, speed, flying weight of the
helicopter, altitude and atmospheric conditions.

Altitude characteristics of B-25V engine. The D-25V engine is a
high altitude gas turbine engine. At all operational modes, under inter-
national standard atmospheric conditions, its power up to its design al-
titude (altitude limitation) either increases or remains unchanged in

comparison with its altitude at ground level, then decreases after
reaching the design altitude.

Figure 38 shows the altitude characteristics of the D-25V engine in
relative coordinates. The level of 100% represents the power, specific

fuel consumption, turbine compressor rotating speed and gas temperature at
the nominal operating mode of the engine.

In any gas turbine engine, the power depends on temperature and
pressure. As atmospheric pressure increases, the power increases due to
the increased flow of air through the engine per unit time, while as pres-
sure decreases the power decreases. With increasing air temperature, the
engine power decreases, since the quantity of air passing through the en-
gine per unit time decreases.
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Figure 38. Altitude Characteristics of D-25V Engine: a, Change

in power and specific fusl consumption with changing flight al-
titude; b, Change in rotating speed of turbine compressor and

gas temperature with changing flight altitude; c, Change in power
and specific fuel consumption with changing flight altitude in
absolute numbers: 1, Takeoff mode; 2, Combat mode; 3, Nominal mode;
4, 0.85 nominal; 5, 0.66 nominal.

With increasing altitude, the air temperature and pressure decrease.
The decrease in temperature causes an increase in power, while the decrease
in pressure causes a decrease. The degree of influence of air pressure on
power is greater than the influence of temperature, so that the engine
power decreases with increasing altitude overall. Consequently, a gas
turbine engine is a low altitude engine.

The high altitude capacity of the D-25V engine is achieved by the
fact that the gas temperature before the turbine of the engine at ground
level is low in comparison to the maximum possible temperature determined
by the strenyg:h characteristic of the engine parts. The power of the
engine is proportional to the temperature of the gases before the turbine:
the more fuel fed to the engine, the higher the gas temperature after com-
bustion, the higher the gas flow rate and the higher the torque on the
free turbine. In order to retain power up to the design ceiling the gas
temperature before the turbine must be increased.

The increase in gas temperature and turbine speed to the design al-
titude is automatic, performed by the programming device of the NR-23A
pump-regulator. As altitude increases, the aneroid of the altitude-speed
adjustment mechanism expands and a tracking system and centrifugal pick-
up adjust the rotating speed regulator to higher compressor speed by in-
creasing the fuel flow to the engine. The operation of the program device
continues up to 3000 m altitude under standard atmospheric conditions.
Upon reaching this altitude, fuel supply to the engine becomes maximum,

-59.

= S——




the gas temperature before the turbine and the rotating speed of the turbine
compressor reach the maximum permissible level according to the strengths

of the rotating parts of the engine in the takeoff mode and engine power
reaches its maximum value (see Figure 38).

With further increases ir altitude, the fuel supply decreases. The
gas temperature before t.e turbine decreases as a result of the decreasing
external air temperature., The rotating speed of the turbine compressor re-
mains coastant due to the proportional decrease in torque from the gasec and
in the required torque resulting from the decrease in air dersity. The
engine power decreases.

As we can see from Figure 38, the power in the takeoff regime up to
the design altitude of 3000 m does not remain strictly constant: it first
increases, then decreascs, but is the same at 3000 m as at the ground

level. In other engine operating modes the power at 3000 m is higher than
at ground level,.

At the fixed engine operating mode (for the D-25V up to 8800 rpm)
the fuel consumption rate remains constant before the beginning of auto-
matic operation, but the turbine compressor rotating speed will change as
a function of pressure and temperature: the higher the pressure and lower
the temperature, the less the rotating speed of the temperature. At
8800 rpm, the speed is automatically adjusted as a function not only of
pressure, but also of air temperature according to a program providing for
constant engine power not only up to the design altitude under standard
atmospheric conditions, but within the temperature range from -40°C to
+40°C at standard atmospheric conditions.

This automatic operation of the fuel system allows the required motor
power to be maintained for almost all temperatures for any time of year,
latitude and altitude, allowing the helicopter to be operated successfully.
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Figure 39. Change in Power and
Specific Fuel Consumption of Turbo-
Prop Engine as Functions of Flying
Speed.
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Altitude-speed characteristics. Let us analyze the influence of
flight speed on the effective power of the turbeprop engine in the
general case. All remaining factors influencing engine power will be
considered constant: flying altitude, rotating speed of engine, atmos-
pheric conditions. As the speed increases, the power of the engine will
increase as a result of the fact that the air flow rate and general com-
pression ratio " increase due to the velocity head of the oncoming air

stream. The increase in preliminary velocity compression causes an in-
crease in air temperature, so that the compression ratio of the compressor
decreases. However, since the compressor is compressing air which has
been preliminarily compressed by the effect of the velocity head, the
overall compression ratio increases. Therefore, the density and therefore
the quantity of air passing through the engine is increased, i.e., the
power is increased and the specific fuel consumption is decreased

(Figure 39). During flight, velocity and altitude change, leading to a
change in engine power resulting from these two factors simultaneously.

Figure 40 shows the altituie-velocity characteristics of the D-25V
engine. Here the power up to design altitude in all operating modes is
arbitrarily shown by straight lines. The solid lines show the change in
power of the engine with altitude at all indicated modes during hovering
(u = 0), while the dotted lines show the change in power with altitude
during forward flight (v = 0.22, V = 180 km/hr). We can see from these
curves that the increase in power due to the velocity head is about
200 Hp and remains almost constant at all operating modes of the engine
at all altitudes. The higher the flying speed, the higher the altitude to
which the power is retained or even increased, i.e., the higher the flight
speed, the greater the design altitude of the engine. In the example at
hand for p = 0.22, it is 3500 m,

Engine Power ‘Losses and Power Utilization Factor

Power losses. Losses of effective engine power in the Mi-6 heli-
copter consist of losses to intake, friction, cooling, locses in the
drive and tail rotor losses. q

The power losses of the engine to intake arise due to the placement
of the engine on the fuselage and the resistance in the air intake tunnel.
These losses amount to 2.5% of the effective power of the engine. Power
losses to friction in transmission amount to 3% of the effective power.
Power losses to cooling, i.e., rotation of the fan for cooling of the
fan amount to 1.15%, losses in the drive system for the helicopter units
amount to 0.8% of the effective power of the engine. All of these losses
remain unchanged with changing flight speed,
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Figure 40. Altitude-Velocity Characteristics of D-25V
Engine: 1, Takeoff mode; 2, Combat mode; 3, Nomiral mode;

4, 0.85 nomiral mode; 5, 0.66 nominal mode.

The losses of engine power involved in driving the tail rotor change
as a function of flight speed: during hovering, they amount to 9% of the

effective power, with increasing speed they decrease and at u = 0.3
(V = 240 km/hr) they amount to 3.5%, then they increase again with fur-

ther increases in flight speed and at the maximum speed (300-320 km/hr)
The decrease in power losses involved in

they amount to 5% (Figure 41).

driving the tail rotor with increasing speeds are explained by the de-

crease in power consumption for flight of the helicopter, as well as the
g conditions of the tail rudder jtself in a slanted air-

This is also explained by the fact that with in-

he pilot has to press the left pedal forward in

improved operatin
direction, decreasing the pitch of the

flow up to 240 km/hr.

creasing flight speed, t
order to retain the same flight

tail rotor. N

tn
Ning I
b -
sl |
3 &) 20 #0200 20  20%km/hr
Figure 41. Engine Power Losses in the Tail Rotor.
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At over 240-2.0 km/hr, the pitch of the tail rotor must be increased
by moving the right pedal forwardl.

3
a9

P N

“p 2 169 %0 320
v, km/hr
Figure 42. Change in Power Usage
Factor of Mi-6 Helicopter with
Flight Speed.

Power usage factor. All of thc power losses mentioned above are
taken into consideration by using the power usage factor £, which shows

~ the fractior of the engine power which is transmitted to the lifting rotor

hub. It is determined by the ratio of available power of the lifting
rotor to the effective engine ~ower

N
Pir

N
e

E =

The change in power usage factor as a function of flight speed for
the Mi-6 helicopter is shown on Figure 42. We can see from this figure
that when hovering the usage factor is 0.8355, with increasing speed it
increases due to the decrease in engine power losses to operate the tail
rotor and at 240 km/hr it reaches its maximum value of 0.89.

Further increases in speed cause the factor to decrease, since the
losses of power to operate the tail rotor increase.

Available Lifting Rotor Power

The available power at the lifting rotor refers to that portion of
the effective engine power extended to rotate the lifting rotor. This
power is defined as the difference between the effective pover of the
engine and the losses to intake, friction and cooling, in the drive
mechanisms and tail rotor.

Nplr =N - Wy, ¢ Nep * Neoor * Mgy * N

IWe show here calculated data; flying data will be presented in
Chapter IX, "Balancing."
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Since these losses are independent of velocity with the exception
of losses in the tail rotor, the nature of the change in available power
with changing flight speed is similar to the change in power usage factor.
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Figure 43. Change in Available Power of Lifting Rotor
as a Function of Flight Speed.

On Figure 43, the change in available power of the lifting rotor for
the Mi-6 helicopter will appear as follows in general form. The effective
engine power increases with increasing flight speed, since the compression
ratio L increases. The power losses of the engine to intake, friction,

cooling and in the drive do not change with changing flight speed, while
the tail rotor losses decrease up to 240 km/hr, then increase. Therefore,
the available power at the lifting rotor will increase with increasing
flight speed from O to 240 km/hr both due to the increase in speed and

due to the decrease in tail rotor losses. After that, the available power
will decrease with increasing speed, although the effective power continues
to increase, since the losses in the tail rotor will be greater than the
increase in power resulting from increased flight speed.
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Figure 44, Reactive thrust of engine '
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Reaction thrust of engines. In the D-25V engiae, the pressure of
the exhaust gases is greater than atmospheric pressure. Therefore, the
exhaust gases have energy and create a reaction thrust directed opposite
to the direction of movement of the exhaust gases. The exhaust tubes are
located at an angle of 32° to the longitudinal axis of the helicopter
(Figure 44). The resactive force of tiie exhaust gases TR can be broken down

into components T, and T,. Component T, of the two engines is directed at

B B
90° to the longitudinal axis of the helicopter and balances, while compo-
nent 'I‘a is directed in the direction of the flight and supplements the hori-

zontal component of the lifting rotor thrust. The less the angle between
the longitudinal axis of the helicopter and the axis of the exhaust tubes,
the greater the component T_ of the reaction thrust, the greater the in-

crease in flight speed. Due to the placement of the engines, this angle
cannot be reduced.

The reaction thrust of the engines depends on the flight speed: the
higher the speed, the greater the reaction thrust.

In aerodynamic calculations, one usually considers the reaction
thrust of the engine as an increase in available lifting rotor power,
and considers the increase in available torque using its own coefficient
Amt . Then the available lifting rotor power, considering the reaction

R
thrust of the engine, will change with changing flight speed as shown on
Figure 45.

The increase in torque coefficient resulting from the reaction thrust
of the engine is determined from the formula

tx H COS X
R .
Amt = n »
R mov
where tx is the rotor thrust factor resulting from exhaust gas reaction;

R
x is the angle between the longitudinal axis of the helicopter and
the axis of the engine exhaust tubes;

oV is the efficiency of the lifting rotor as a propeller.

Nplr in hp

a7 51 &d 4 km/hr

Figure 45. Availakle Lifting Rotor Power of Mi-6 Helicopter
as a Function of Flight Speed in General Form: a, Without
considering reaction thrust of engines; b, Considering re-
action thrust of engines.

-65-




>

NOT REPRODUCIBLE

QAT e

Assuming "mov t° be constant, equal to 0.9, and x = 32°, for the

Mi-6 helicopter the formula of the increase in torque factor due to re-
action thrust becomes

Am, = 0.95t wu.
tr R

This fornula can be used to construct a graph of the dependence of
torque factor irncrease due to reaction thrust of the engine on the mode
characteristic u and flight altitude (Figure 46). We can see from the

graph that the greater u and the greater flying altitude, the greater the
increase in the factor.
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will consist of the
e .
available torque factor for rotation of the lifting rotor and the torque
factor resulting from engine reaction thrust

The total (sumuary) available torque factor m,

mt =m + Am

€ avail £

R

§13. Balance of Powers

Figure 47 shows the halance of powers for the Mi-6 helicopter ir
general form. This figure shows how the powers change with flight speed
with a given operating mode of the engines. The ordinate shows the ef-
fective engine power for a given operating mode, for example the takeoff
mode. The abscissa shows the true flight speed >f the helicopter. With
increasing flight speed, the effective power of the engines increases due
to the increased air yressure head, so that this power is shown by a
straight, ascending line. The area of the trapezoid a, b, c, d is ar-
bitrarily taken as the effective engine power in the takeoff mode. This
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power is distributed to intake, rotztion of the entire transmission, the
far, drive units, rudder and lifting rotors (available power of lifting
rotor). Along the top on the ordinate we show successively the power
consumed for intake, friction, cooling, unit drive and to the tail rotor.
Then the available lifting rotor power, without considering reaction thrust
to the engines, is illustrated by the dotted line. Considering the re-
action thrust of the engines, this power is illustrated by the solid line.
As we can see, the available power of the lifting rotor first increases,
then decreases with increasing flight speed.

NOT REPRODUCIBLE
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Figure 47. Balance of Powers of Mi-6 Helicopter in
General Form,

This same graph aiso shows all required powers for horizontal flight
of the helicopter: inductive, airfoil, movement and compression. The sum
of all required powers must fall within the area of available power in order
to support horizontal flight throughout the entire range of speed. Further-
more, it is desirable that there be excess power available for flight in
other regimes. The su: of all required powers decreases as spced is in-
creased to the economical speed (140 km/hr for the Mi-6 helicopter). With
a further increase in speed, the required power increases. The excess of
power, as we can see from the graph, is maximum of the economical flight
speed.

In the aerodynamic calculations for the Mi-6 helicopter, available
in required powsers as functions of flight speed at various altitudes are
represented in the form of changes in available and required torque, ex-

pressed through the dependence of the torque factors m, on characteristics

f flight regime p and altitude (Figure 48). Here we see the torque factors
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for the takeoff and nominal modes. Calculation of these factors for

v = 0.25 was performed without considering the increase in these factors
resulting from flight speed, i.e., calculation was performed for the
hovering mode (v = 0). Beginning at w = 0.3 to 0.4, these coefficients
are represented for a given helicopter flight speed corresponding to

u = 0.22; the curves corresponding to the values from u = 0.25 to 0.2
are connected by dotted lines.
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Figure 48. Available and Required Torque Factors as Functions

of Regime Characteristics and Flying Altitude at Takeoff and
Nominal Regimes.

§14. Control of Engine and Rotor Using the '"Pitch-Gas' System
There are two systems for maintaining a constant rotating speed of

the helicopter lifting rotor: the pitch-gas system and the automatic system.
For the Mi-6 helicopter, the piich-gas system was selected.
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The operating principle cf the pitch-gas system is that there is a
mechanical, programmed connection between the automatic pitch changing
mechanism and the engine fuel lever (system of tension members and rockers),
so that when the pitch lever is moved, the pitch of the rotor and the
operating mode of the engines are both changed simultaneously so that the
rotating speed of the rotor remains constant (Figure 49). However, this
mechanical coupling can retain the rotating speed constant only &at certain
temperatures and pressures of the surrounding medium, flying weight of the
helicopter, flying mode and altitude and with certain other factors con-
stant. When these conditions change, a change in the position of the lever
1 leads to a change in the rotating speed of the lifting rotor. In this
case, the gas corrector knob must be rotated in order to maintain the re-
quired 1lifting rotor speed. The correction feeds signal b to the system,
changing the operating mode of the engine, bypassing the mechanical con-
nection to the rotor pitch mechanism 3. This causes the turbine compressor
speed regulator 4 to change the rate of fuel supply to the engine through
coupling f, and the rotating speed of the lifting rotor changes as re-
quired, i.e., the pilot retains the speed constant at the level necessary
for the flying mode being used.

in order to change the operating mode of the engines, the pilot moves
pitch lever 1, which acts through the pregrammed coupling mechanism 3 to
change simultaneously the rotor pitch through coupling a and the engine
power through coupling b. This causes the automatic regulator accept-
ability device (fuel pressure rise limiter) to operate, feeding a new
portion of fuel through coupling g and further through coupling f to the
combustion chamber. This moves tlie engines to a new operating mode, while
the available power and required power for rotation of the lifting rotor
balance. If the rotating speed deviates from the required speed, the
pilot adjusts it as required.

In a stable engine operating mode, the rotating speed of the turbine
compressor is maintained constant using the rotating speed regulator. If
the rotating specd of the turbine compressor changes for any reason, signal
e is sent to change the fuel supply and the rotating speed will be main-
tained constant. This same signal also limits the maximum rotating speed
of the turbine compressor.

Signals d and c, depending ~n temperature and pressure of the air
or flying altitude, change the rocating speed of the turbine compressor

by changing fuel input, i.e., retain the fixed engine power level as re-
quired.

The pitch-gas system of the Mi-6 helicopter has no cam mechanism as in
other helicopters, simplifying its design and decreasing friction in the
system; it consists of a set of tension members and rockers.
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Figure 49. Diagran of Pitch-Gas System for Helicopter
with Gas Turbine Engine: i,''Pitch-Gas'lever; 2, Turbine
compressor operating mode corrector; 3, Mechanism cou-
pling operating modes of engine and rotor; 4, Rotating
speed regulator for turbine compressor; &5, Free turbine
rpm indicator: a, Signal to change rotor pitch; b,
Signal to change engine operating mode; c, Signal indi-
cating pressure of surrounding medium; d, Signal indi-
cating temperstiure of surrounding medium; e, Signal
indicating rotating speed of turbine compressor; f, Fuel
supply to engine; g, Fuel pressure rise iimiter.

However, control of the lifting rotor and engines using the pitch-
gas system is rather complex. The rotating speed of the lifting rotor
often varies above or below the permissible levels. The pilot must oper-
ate the gas corrector at almost all flying modes. Furthermore, during
descent with engines operating with the corrector removed, operating at
the permissible rotating speed of the lifting rotor, it was impossible to
achieve the desired vertical descent rate: it was below the recommended
rate; it was difficult to perform a landing, particularly with the heli-

copter unloaded. Therefore, the pitch-gas system has been modified
several times,

As a result of the improvements performed, after proper adjustment,
which is performed following elimination of variations in lifting rotor
blade track, the characteristic of the pitch-gas system should be as
shown below (Table 4 and Figure 50).

With the general pitch lever in the lower position, the general
pitch of the lifting rotor is 1° according to the indicator, and if the
gas corrector is moved to the left to stop, this corresponds to the middle
position of the gas corrector. This is achieved by adjusting the device
so that with a pitch of 1° and medium correction, the rockers at rib No. 1
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are against their upper stops. The indications of the UPRT-2 (fuel
lever position indicator) should be 15-18° (point a). If the engine is
operating in this case, the rotating speed of the lifting rotor (rotor
turbine) should be 34-40%. Consequently, point a on the graph corres-
ponds to the idle mode of the engines.

TABLE 4. CHARACTERISTICS OF PITCH-GAS SYSTEM

Trapézoidal blades fiectangular blades
:;:;h Left Right correction Left Right correction
Indica- correc- correc-
e tion _ _ tion _
de ! Reading Turbine UPRT-2 rea- Reading Turbine UPRT-2 rea-
9 of UPRT-2, rpm, % ding, deg of UPRT-2, rpm, % ding, deg
deg deg
| : i i
1 : 15—15 | 650 | 25 - 1518 7$—82 §  30-36
5 - §1—84,5 , 60—6S ! — 8487 60—5%
s ! 2528 84—56.3 | 8102 2328 {1—s7 ! 84—92
9.£30" } — §5—56,5 P a7—100 e 83—56 97100

NOT REPRODUCIBLE

|
 UPRT-2, deg

oW« & & UPRT-2 deg

Figure 50. Characteristics of Pitch-Gas System: a, Trapezoidal
blades; b, Rectangular blades; A, Range of overall rotor pitch
corresponding to complete travel of gas correction 101°: 1,
Climbing in takeoff regime; 2, Climbing in nominal regime; 3,

Horizontal flight at Ny = 8700 rpm; 4, Horizontal flight at n, =

= 7800 rpm; 5, Descent with engines operating at Vy = 4-5 m/sec;
6, Gliding in autorotation mode of lifting rotor.
If the gas corrector lever is now moved, without touching the pitch

lever, to its right stop, the indications of the UPRT-2 should be 32-36°,
and the rotating speed of the rotor should be 76-80% for a trapezoidal
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blade rotor, and correspondingly 30-36° and 78-82% for a rectangular blade
rotor (point b on Figure 50).

As the pitch is increased with the corrector to the right, the indi-
cations of the IIPRT-2 will increase, and the rotating speed of the lifting
rotor will increase as well. With a pitch of 5°, the indications of the
UPRT-2 should reach 60-68%, and the rotating speed of the lifting rotor
with trapezoidal blades should reach 84-86.5%, or 84-87% with rectangular
blades (point c). Further increase in the pitch should cause the UPRT-2
indications to increase, while the rotating speed of the lifting rotor
remains constant, so that at 8° pitch the UPRT-2 should read 84-92% and
the rotating speed should be the same as at pitch 5° {point d}. With a
pitch of 9°, the indications of the UPRT-2 should read 97-100%, but the
rotating speed of the lifting rotor with trapezoidal blades shculd be
85-86.5%, or 83-86% for a rectangular blade rotor (point e, takeoff re-
gime.

These rotating speeds of the lifting rotor are achieved using changes
in the settings of the blade angles, achieved by changing the lengths of
the blade control tension members. The lengths of all tension members
changed by the same value so as not to disrupt the lifting rotor blade
travel settings made earlier.

Further increase in the overa!l pitch of the lifting rotor results
in no more change in the UPRT-2 reading, since the NR-23A levers have
reached their stops, after which the gas corrector lever will move to the
left by itself, since the rockers at rib No. 1, beginning with general
pitch 9°, are at their lower stops. The upper position of the general
pitch lever corresponds to 13.5° according to the indicator (point e).

At this point, the pitch lever has been moved from its extreme lower posi-
tion by 46°. At point e, the gas corrector will be deflected from its
extreme right position by a certain angle (about 50°) toward the left.
Deflection of the pitch lever from 9° to 13.5° (from point e to point f)
in vertical flying modes, during vertical takeoffs and landings, will
"make the lifting rotor too heavy," but is necessary for other flying
regimes: at high altitudes and speeds, for autorotation landings and for
landings at "high pitch'" when absolutely necessary.

If the corrector is moved to the left with the rotor at maximum pitch,
the indications of the UPRT-2 will decrease, down to about 58% at the left
stop (point g). When the overall pitch is decreased with the corrector
out, the indications of the UPRT-2 will decrease, and at 8° they should
lie between 24-28% (point h); when a pitch of 5-6° is reached (idle), they
should read i5-18° (point i). A further decrease in overall pitch will
cause the corrector lever to move to the right by itself, since the
rockers at rib No. 1 will have reached the upper idle stops. With a pitch
of 1°, the corrector lever will be in its extreme position (point a on
Figure 50). Consequently, with an overall pitch of the lifting rotor of
1°, the corrector lever will not be at full travel (101°), but only at half
travel--50° (from point a to point b).
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On Figure 50, on the sector of the curve with the corrector out
(between points f and i) the rotating speed of the lifting rotor is not
indicated, since this adjustment of the pitch-gas system is always per-
formed with the engines off (cold characteristic). The shaded areas on
Figure 50 indicate permissible readings of the UPRT-2 achieved by adjust-

ing the pitch-gas systenm.

The characteristics of the pitch-gas system of the Mi-6 helicopter
shown in Table 4 were measured with the helicopter tied down. If tie
downs are not available, it is recommended that the pitch-gas system be
tested using a vertical takeoff and hovering with normal flying weight.
This check, like the check with the helicopter tied down, is performed
after blade tip travel has been adjusted and cold regulation of the
pitch-gas system has been tested; the UPRT-2 reading should correspond to
those presented in Table 4,

The method to be used for this check is as follows. After starting
and warming up the engine, the "pitch-gas" lever is moved to the lower posi-
tion (1° on the pitch indicator), the gas corrector is rotated to the
right tc th ;top, at which point the rotating speed of the lifting rotor
should be tween 76-80% (Table 3).

TABLE 5. CHARACTERISTICS OF PITCH-GAS SYSTEM (WITHOUT TIE
DOWNS, HOVERING)

Pitch accord- (pm of Hovering
ing to indi-  rotor tur- altitude, Notes
cator, deg bine, % m
1 76-80 0 .
2-4 83-87 0 Rotating speed can be in-
6-8 creased to 90% for not over
9+1° 1 min
-30' 82-85 3-5
80-84 At least 6 Engine takeoff power

Subsequent checks are performed with the corrector to the right.
Then the pitch is smoothly increased to 4°, and in the pitch range 2-4°
the rotating speed of the lifting rotor increases to the maximum (83-87%)
with brief (up tc 1 min) increases to 90% allowed.

With a further increase in the pitch, the helicopter will separate
from the ground and at 3-5 m altitude with pitch 6-8° the rotating speed
of the lifting rotor should be 82-85%. After this, the engine should be
moved to the takeoff regime, increasing the pitch, with the hovering al-
titude at least 6 m, and the rotating speed of the lifting rotor 80-84%.
In this case, hovering can be performed at altitudes over 10 m.
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These data for the pitch-gas system are presented for normal flying
weight of the helicopter, with winds not over 3 m/sec and altitude not
over 500 m over sea level.

The area described by the closed curve on Figure 50 represents the
pitck of the lifting rotor and position of the gas corrector lever for
establishment of various operating modes of the engine according to
Table 1 and for performance of various flying modes of the helicopter
throughout the entire range of speeds and altitudes.

Special flying tests have established that climbing with forward
speed in the takeoff engine mode is performed with the corrector fully
on te the right and pitch over 9° (zone 1, Figure 50 a). Climbing with
forward motion at the nominal mode is performed with a pitch less than in
the takeoff mode, but with some adjustment of the corrector from the far
right position (zone 2), while in horizontal flight the pitch changes from
3 to 12°, depending on the flight speed and rotating speed of the lifting
rotor. In order to increase the rotating speed, the corrector is moved
further to the right (zones 3, 4). Descent with engines operating is
performed with pitch from 3 to 8° with the corrector almost out (zone S).
Gliding with the fuel feed off is performed with small pitch (1-2°) with
the corrector out to the left, i.e., with the engines operating in the
idle mode (zone 6).

Thus, in almost all flying modes, the pilot must use the gas correc-
tor in order to establish the permissible operating speed, creating certain
difficulties during piloting.

Further improvement of the pitch-gas system of the Mi-6 helicopter
is planned, with the installation of a device fur automatic maintenance
of the rotating speed of the lifting rotor in all flying modes, plus a
device designed to prevent excessive increases in the '"weight' of the
lifting rotor. With this system, the pilot controls only the pitch of the
rotor, while the free turbine rotating speed regulator changes the fuel
supply to the combustion chamber as required to maintain the preset con-
stant lifting rotor speed. The lifting rotor speed regulator can have a
single regime, i.e., the rotating speed of the lifting rotor can be main-
tained constant in all flying modes (for example, in the Mi-2 and Mi-8
helicopters). Even more highly perfected systems are used, in which the
rotating speed of the lifting rotor may be varied as the pilot desires by
adjusting the regulator, for example by setting the required rotating
speed for a given flying regime with a knob.

The automatic device to maintain the rotating speed of the lifting
rotor of the Mi-6 helicopter which is planned will not be the same as that
used on the Mi-2 and Mi-8 helicopters. The control of the fuel valve will
be achieved using a hydroelectric unit (tension member of variable length)
which will open the fuel valve without interference by the pilot, upon
receipt of signals from an electronic computer which in turr receives
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signals from the lifting rotor as a function of its speed. However, the
system also allows the rotating speed of the lifting rotor to be changed
according to the desiire of the pilot as a function of the flying regime,
by adjusting the regulating system.

In order to prevent increasing "weight" of the rotor too much, an
additional friction coupling is used, which makes movement of the pitch
lever more difficult. For example, whereas the force on the pitch lever
between 1 and 9° pitch is 0.5 kg, at pitch levels over 9°, the force
increases to 10 kg. The increasing force will warn the pilot that the
engines are operating in the takeoff mode and that a further increase in
the pitch will make the rotor too "heavy." If this increase in rotor
loading is dangerous in the slight mode being used, the pilot will not
allow it; if an increase in loading is necessary during certain flying
eiements, the pilot can increase it, but it requires a harder push on the
pitch lever.
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CHAPTER IV, TAXIING, HOVERING AND VERTICAL FLIGHT MODES

§15. Taxiing
General Characteristics

Taxiing with the Mi-6 helicopter is the principle means used to move
short distances, particularly near aircraft and other obstacles, since
during fiight over short distances a powerful airflow descends from the
rotor, raising dust (or snow) and sometimes causing damage to aircraft
and structures. However, this does not mean that taxiing can always be
used; a number of limitations are placed on taxiing. The Mi-6 helicopter
is subject to 'ground resonance," and there is also some danger of tipping
over with the three-wheel landing gear, high center of gravity and great
mass of the helicopter. In order to avoid these problems, <ne thrust of
the lifting rotor must be less than the weight of the helicopter.

The reactive moment of the lifting rotor in the taxiing mode is
balanced by the torque provided by the tail rotor and partially by friction
of the wheels on the ground.

The Mi-6 helicopter has good taxiing pruperties, high maneuverability
and is relatively easy to control during tasiing, but there are certain
difficulties, particularly in taxiing on slippery surfaces, when insuf-
ficient friction of the wheels may cause side movement known as slipping
due to the great mass of ti-: helicopter. Taxiing on dusty helicopter pads
or fresh snow cover raises sufficient dust or snow due to the blast from
the lifting rotor to decrease visibility to a greater extent than when
taxiing in other helicopters, due to the great diameter of the lifting
rotor and the great specific ioading over the swept area.

The taxiirg speed is maintained by changing the inclination and
thrust of the lifting rotor using the cyclic and general pitch levers.
The direction of taxiing is controlled by changing the thrust of the tail
rotor using the pedals. The self-centering front landing gear wheel pro-
vides good maneuverability. The thrust of the lifting rotor and the
brakes on the main landing gear wheels are used to Jecreasec speed and for
emergency stops.

If taxiing is impossible for some reason, flight at low altitude is
permitted.
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During taxiing, the following forces and moments act on the heli-
copter (Figure £1): the force of the thrust of the lifting rotor T,
of the tail rotor Ttr’ the drag cf the helicopter X, the force of fric-

tion of wheels on the ground Ff«, the weight of the helicopter G, the
reaction of the earth Fre’ the reactive moment of the lifting rotor M_,

of the tail rotor Mp and the track moment of the tail rotor. The force
tr

of the thrust o the lifting rotor is deflected forward and to the right

by the cyclic pitch lever, so that it is divided into three components:

Ty--the vertical component; Tx--the horizontal component, directed for-

ward and Tz--the horizontal component directed to the right. The force
of the thrust of the tail rotor is directed to the left.

If T ! fr ' ' ,t

¢ ) . 3
Figure 51. Diagrem of Forces Acting on
Helicopter During Taxiing.

The following equality of forces and moments must be maintained for
even, straight line movement of the helicopter over the ground. Even
movement requires that the horizontal component of the thrust of the
lifting rotor be equal to the drag of the helicopter and the force of
friction of the wheels on the ground

Tx =X + Ffr'

In order to prevent slipping of the helicopter along the ground and
to reduce side pressures on the pneunatic tires, and to prevent the ten-
dency toward tipping, the thrust of the tail rotor must be balanced by
the side component of the thrust of the liftiag rotor, i.e., Top =T,

Straight line movement requires that the r«cctive moment of the lifting
rotor be balanced by the track moment of the tail rotor

-77-




M =M =T 1 .
Pir Yer trts

Furthermore, in order to provide a stable position cf the helicopter
on the earth, the vertical component cf the thrust of the lifting rotor
must be considerably iess than the weight of the helicopter.

Specifics of Performance of Taxiing

In order to begin taxiing, with a general pitch of 1°, the gas cor-
rector is rotated fully to the right, then the pilot waits until the
speed of the lifting rotor reaches 78-82% (slight increases in general
pitch to not over 2° are allowed). The levers for separate control of
the two engines should be in the neutral position--in the slots. Until
the required rotating speed is reached, the longitudinal tremer is placed
in the neutral position, the transverse tremor is placed 0.5-1.5 divisions
to the right. Then the cyclicai pitch lever is moved smoothly forward and
the helicopter begins to roll. If the helicopter does nat begin moving
when the lever is pushed forward, the general pitch must be increased, but
not to over 2°, then after the helicopter starts moving, the general pitch
should be decreased to its minimal value.

When the helicopter is started taxiing, particularly on soft ground
or poorly packed snow, the cyclical pitch lever should not be moved for-
ward all the way, since this increases the loading on the front wheel and
causes the force of friction to rise. It is also not recommended that
the general pitch be increased to over 2°, causing an increase in the
thrust and reactive moment of the lifting rotor and the thrust of the tail
rotor, a decrease in friction with the ground, resulting in movement of the
helicopter to the left as a result of the increasing thrust of the tail
rotor, which may lead to wedging of the left wheel in the soft ground or
snow and cause a strong tipping moment. The helicopter should not be
rocked with the pedals to start it taxiing, since this might cause breakage
of the tail beam and tail rotor.

The taxiing speed should not be over 20 km/hr. It should be changed
using the cyclical pitch lever, cr using the general pitch lever on uneven,
soft ground. Taxiing should be performed with full right correction, main-
taining the rotor speed between 78-82%. Long taxiing can be performed
with the longitudinal tremor at 0.5-1 scale division forward.

Turns during taxiing are peiformed by smoothly moving the pedals.
The higher the speed, the larger should be the radius of the turn. Sharp
turns with small radius are not permissible, since even on firm surfaces
the helicopter may begin to slide due to the great centrifugal force acting
toward the outside of the turn. Slipping may also arise with normal turns
if a thrust is too high, when the helicopter is nearly suspended, or
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during straight line taxiing on soft or slippery surfaces. When slipping
starts, taxiing should be stopped, by decreasing the engine power to the
minimum, turning thke pedal in the direction of the slip, waiting for the
helicopter to stop, and only ther can the taxiing or turn be resumed at

a lower speed.

When taxiing with a side wind, the helicopter will try to turn nose
into the wind; therefore, this turn should be countered with the proper
pedal, Furthermore, the cone of rotation and thrust of the lifting rotor
will be pushed away with the wind and side force T, will be greater than

required if the wind is from the left, less than required if it is from
the right. Therefore, the cyclical pitch lever should be deflected in
the direction opposite to the wind.

When taxiing over dusty or sandy soil with a head wind of over 5 m/sec,
the visibility is good, since all the dust raised by the lifting roto. at
all taxiing speeds will be carried away to tha rear. With a head wind of
less than 5 m/sec, in calm weather or with a tail wind, visibility is con-
siderably worse. Therefore, the helicopter should be taxied with halts at
certain intervals (20-25 m) or at slightly higher speed, in order to taxi
away from the dust cloud. The same procedure should be used in taxiing
over a snow covered heliport,

To stop the helicopter, the engine power should be decreased to the
minimum (general pitch 1°, left correction), the cyclical pitch lever
shou'd be pulled smoothly back toward the pilot and the bra  should be
applied.

Limitations During Start Up of Engines and Taxiing

1. Start up of engines, winding up of engines, stopping of the lifting
rotor and taxiing are permitted with the following wind speeds and direc-
tions: head wind--25 m/sec, side wind--15 m/sec, tail wind--12 m/sec,

2. Wnen there is a side wind, the engine on the leeward side is started
first, since this improves the starting conditions for the engine on the
windward side: the load on the engine is decreased due to the rotation of the
free turbine by the engine started first.

3. During separate testing of engines without tie downs, the helicopter
should have a weight of at least 23,000 kg (unloaded, but with main fuel
tanks full), or for testing both engines simultaneously--about 42,000 kg.

4, Before starting the engines, the longitudinal trimmer should be set

1-1.5 scale divisions to the rear, the transverse trimmer 0,5-1 scale
divisions to the right. With this position of the trimmers, the automatic
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swash plate wiil take up a neutral position, the pitch will not change
cyclically, th: blades will not flap and therefore the blades will nct
strike the stops of the flapping hinges.

5. During taxiing, the rotating speed of the lifting rotor should be
78-82%.

6. The taxiing speed should not exceed 20 km/hr, or when taxiing on
dusty or sandy heliports, not over 30 km/hr, or on snow covered heliports--
not over 10 km/hr.

7. Turns in place are not permitted on snow covered areas, since this
might burst the tires of the wheels or break the support of the nose wheel.

Taxiing over ground which is too soft or uneven or over deep, loosc snow
is forbidden.

§16. Hovering
General Characteristics

The huvering mode is the principle design flying mode for the Mi-6
helicopter.

Hovering is used to test the operation of the engines, transmission,
control systems and centering system; it is a component part of vertical
flight and landing both with cargoes within the cabin and with cargoes sus-
pended on a hook.

Figures 23, 24 and 25 show the aerodynamic characteristics of the
Mi-6 helicopter lifting rotor in the hovering mode. We can see from these
characteristics that the lifting rotor develops a thrust near the flying
weight of the helicopter only in the zone of influence of the air cushion.
From this, we can conclude that the hovering ceiling of the helicopter with
normal and maximum flying weight under standard atmospheric conditions
above sea level is not very high. For example, with a helicopter weight
of 42 T, the maximum hovering height is 2 m; with a weight of 40-T--6 m;
with a weight of 39 T--8 m and with a weight of 38 T--10 m. Therefore,
if higher hovering heights are required for the performance of various
operations, the flying weight must be decreased or favorable atmospheric
conditions must be awaited.

Figure 52 shows the required engine power fcr hovering according to
the indications of the UPRT-2 device in degrees and the ITE-Z device in
percentage points at various altitudes and with various flying weights.
These indications wevre produced as a result of flying tests under atmos-
pheric conditions near the standard conditions at sea level. As we can
see from the curves of this graph, the higher the flying weight of the
helicopter and the higher the altitude, the more engine power is required
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for hoverirg. A helicopter weighing 42 T will hover at an altitude of
about 4 m in the engine takeoff mode (UPRT-2--97°, ITE-2--94%). With
this same engire operating mode, the hovering altitude increases as
helicopter weight decreases.
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Figure 52. Required Engine Power as a Function
of Weight and Altitude in Hovering.

The Mi-6 helicopter, like the Mi-4, is balanced in the hovering mode
with a right bank of 2° with cargo placed symmetrically in the cabin along
the transverse axis and with a positive pitch angle which depends on cen-
tering: with limiting forward centering, the pitch angle is 3.5°, with
limiting rear centering it is 10°. Due to the nonlinearity of the con-
trol system, in order to provide ease of piloting at cruising flight
speeds, the control levers occupy the same positions in hovering as in
the Mi-4 helicopter: the cyclical pitch lever is shifted to the rear and
right from the neutral position, the right pedal is pushed forward,

During hovering, the indications of longitudinal and transverse
trimmers with no pressure on the control levers car be used to determine
the centering of the helicopter. If the longitudinal irimmer is deflected
to the rear by 2.5 divisions, the centering is at the limiting forward
stage, if it is over 2.5 divisions--the centering is beyond the maximum
permissible forward stage; if the longitudinal trimmer is 0.5 divisions
forward, the centering is at the maximum rearward stage, whiie greater
deflection of the trimmer indicates that the centering is too far rearward.
With the trimmer at 0.5-1 division to the rear, the centering is moderate,
while deflection of the transverse trimmer by 0.5-1.5 divisions to the
right falls within the limits of the norms.

Maneuvering is permitted with the Mi-6 helicopter hovering, but
with certain limitations in order to assure safety.
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Diagram of Forces and Moments Acting on the Helicopter

During kovering, the following forces and moments act on the heli-
copter (Figure 53): the aerodynamic force of the lifting rotor R, the
thrust of the tail rotor Ttr’ the drag of the fuselage X due to the

passage of the inductive flow around it, the lift of the wing and sta-
bilizer due to the inductive flow of the lifting rotor u, and Ust’ the

weight of the helicopter G, the reactive moment of the lifting rotor M_ ,
ir
the track and reactive moments of the tail rotor, the longitudinal and
transverse moments of the hub due to the Aisplacement of the horizontal
hinges Mz and M_ .
hb b

The aerodynwmic force of the lifting rotor and the cone of rotation
are deflected to the right. The aerodynamic force is broken down into
thrust T and lateral force Tz. The thrust of the tail rotor is directed

to the left and due to the lever to the cenier of gravity of the helicopter
creates a track moment directed in the opposite direction to the reactive
moment of the lifting rotor. The drag of the fuselage X is directed down-
ward and for a single rotor helicopter amounts to about 1.5% of the flying
weight. The 1lift of the wing in the hovering mode is directed downward
and in the Mi-6 helicopter is about 2% of the flying weight. The 1lift

of the stabilizer creates a pitching moment which is very slight in mag-
nitude and is ignored in practice, although the moment created by this
force is considered. The reactive moment of the tail rotor is directed

in the direction opposite to its rotation and creates a pitching moment.
The longitudinal moment of the hub resulting from the displacement of the
horizontal hinges causes a pitching moment, since the cone is most fre-
quently tilted somewhat backward in the hovering mode. The transverse
moment of the hub is directed to the right, in the direction of the dis-
placement of the cone of rotation, creating a bank to the right.

The following relationship between forces in moments acting on the
helicopter must be observed in order to balance the helicopter in a
stable hover. The thrust should balance the weight component G , the

drag of the fuselage and the lift of the wing in order to retain constant
hovering altitude: Ty = Gy + X+ Yw.

The thrust of the tail rotor must balance the lateral force Tz and

the weight component Gz: T o= Tz + Gz. In order to maintain the orien-

tr
tation during hover, the reactive moment of the lifting rotor and the track
moment of the lateral force should be balanced by the track moment of the
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tail rotor M + T

Pir
should be equal to zero to preserve longitudinal equilibrium. The sum of
all transverse moments should be equal to zero to preserve transverse
equilibrium.

‘a = Mt =T Ll _. The sum of all longitudinal moments

z r tr tr

Specifics of Piloting and Maneuvering in the Hovering Mode

Before vertical separation, the longitudinal trimmer is set 0.5-1
divisions back, the transverse trimmer 0.5-15 divisions to the right in
order to remove the pressure which arises on the vertical pitch rotor
during hovering. The gas corrector is moved fully to the right, and
when the rotating speed of the lifting rotor reaches 78-82%, the general
pitch lever is moved smoothly upward to separate the helicopter from the
ground and climb to the required altitude. At the same time, the control
lever and pedals must be used to prevent the tendency of the helicopter to
rotate, bank and move forward. The D-25V engine is not as responsive as
a piston engine, so the rate of movement of the general pitch lever from
the lower position to the moment of separation of the helicopter from the
ground must be slow and smooth (over 5-7 sec), since otherwise the lifting
rotor may be overloaded, leading to a decrease in thrust and involuntary
loss of altitude or relanding after separation. During separation and
climbing, the rotating speed of the lifting rotor increases; it must be
held, using the gas corrector, between 80-82%. The minimum permissible
rotation speed is 78%, the maximum is 87% or 30% briefly (up to 1 min).

In the Mi-6 helicopter, during takeoff, vertical climb, hovering and also
vertical descent, it is recommended for proper determination of the posi-
tion of the helicopter in space that the pilot look 15-20° to the left of
the longitudinal axis of the helicopter, 25-35 m forward of the nose. The
Mi-6 helicopter, like the Mi-4, is held in hovering using all control
levers: in altitude--using the general pitch lever, with the rotating
speed held between 80-82%; in direction--using the pedals, in hovering
locations--using the cyclical pitch lever. In a delay in working the
control levers, particularly the cyclical pitch lever in the longitudinal
direction, will cause considerable movement of the helicopter; therefore,
movements of the lever should be smooth and simultaneous.

Maneuvering of the Mi-6 helicopter in the hovering mode, as is the
case with the Mi-4, can be in altitude, direction or hoverirg location.
The methods of maneuvering and the behavior of the helicopter are the
same as for the Mi-4, but with different flying limi:ations.

Flyino Limitations During Hovering and Maneuvering

Limitations of flying altitude. Hovering is permitted with no
limitations at up to 10 m altitude, from 10 to 250 m only when flying with
cargoes suspended externally, during rescue operations, emergency medical
aid and during takeoffs and landings from type 2 heliports or areas




— 2.

corresponding to them!. 1In case of failure of the engines at heights of
10-250 m, landing by the autorotation mode is somewhat dangerous. How-
ever, since the engines operate reliably, operations at these altitudes
are performed when clearly necessary. At altitudes over 250 m, the heli-
copter should maintain an indicated speed of no less than the minimum
permissible speed in horizontal flight at the altitude used, since the
helicopter has no low speed indicator the pilot may err and the helicopter
may travel at low air sweeds, resulting in high vibration--the ''shaking
mode."

The hovering height during vertical takeoffs and landings from
type 1 heliports? (in the zone of influence of the air cushion) is 2-3 m.
The height of test hovering during vertical takeoff from heliports located
at altitudes up to 500 m above sea level is 5 m, while for heliports
located at altitudes above 500 m over sea level the height of test
hoverin. is determined using a special nomogram. When taking off from
type 2 reliports, the height of hovering should be at least 10 m over
obstacles, while when taking off or landing with cargoec suspended ex-
ternally it should be at least 3 m from cargo to surface.

Limitations as to speed and altitude. Movement in any direction can
be performed at speeds of not over 15 km/hr. The altitude of the heli-
copter during movements over level terrain should be at least 2-3 m, over
obstacles at least 10 m. Movement over aircraft and other helicopters
is forbidden.

Wind limitations. Hovering, ar well as takeoffs, landings and
approaches are permitted with head winds of up to 25 m/sec, tail winds
up to 10 m/sec and side winds up to 5 m/sec. Therefore, with a wind of
up to 5 m/sec, the helicopter can be turnad in place by 360°, with a wind
of 5-10 m/sec--at an angle of not over 90° to the wind direction, with
a wind of over 10 m/sec, turns in place cannot be performed, hovering
can be performed only nose into the wind. With wind speeds of over 25 m/sec,
starting the engines and flying are forbidden. With cargoes suspended ex-
ternally with a flying weight of the helicopter of over 36 T, turns while
hovering are also forbidden.

Limitations as to turning speed. Turns while hovering should be per-
formed at speeds of not over 10° per second, i.e., the time of a full
rotation should be at least 36 sec. During turns, and also during any
other type of flying, sharp movements of the pedals, particularly passing
through the neutral position, are nov permitted.

IType 2 heliports are those requiring vertical takeoff and landing.
2Type 1 heliports are those which allow airplane type takeoffs and
landings, or takeoffs and landings using the influence of the "air
cushion," ,
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Figure 53. Diagram Forces of Moments Activity on Helicopter
Hovering and in Vertical Flight.

§17. Vertical Flying Modes of the Helicopter
General Characteristics

The vertical flying modes of the helicopter include vertical climbing
and vertical descent with engines operating. The vertical flying modes
of the helicopter, like the hovering mode, are uneconomical and difficult
as concerns piloting techniques. In these modes, the power reserve is
low and the control reserve is insufficient, particularly the pedal re-
serve; the stability of the helicopter is insufficient. For these reasons,
the usage of vertical modes is limited; they are used only when necessary.

Vertical flying modes are used during vertical takeoffs and landings
both with cargo in the cabin and with cargo on the external hook, during
various construction, installation, rescue and other operations.

During vertical flying, the same forces and moments act on the heli-
copter as during the hovering mode (see Figure 53). During a climb, the
vertical thrust component musc be greater than during hovering, since the
drag of the helicopter and negative 1ift of the wing increase due to the
upward movement of the helicopter. The lateral component of the thrust
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of the lifting rotor Tz should also be greater than during hovering, since

the pilot must increase the thrust of the tail rotor due to the increased
reactive moment of the lifting rotor, and it is necessary in order to pre-

vent lateral movement that the lateral force be equal to the thrus of the

tail rotor. During a vertical descent, the thrust of the lifting rotor

should be less than during hovering, since the drag of the fuselage and

lift of the wing, although they are still directed downward, as in hovering,

are less in magnitude. The lateral force and thrust of the tail rotor -
should also be equal during stable descent, but are less than during

hovering.

With increasing altitude, the required power for hovering, and there-
fore for vertical climbing as well, increases, while the available power
is retained unchanged up to the design altitude, so that the excess power
available decreases, leading to a decrease in the vertical rate of climb.
The altitude at which the excess power is equal to zero is the hovering
cei'i~~ of the helicopter. As was established earlier, the reserve of
power o1 the Mi-6 helicopter during hovering is slight, so that the
hovering ceiling of the helicopter is nonexistent for normal and maximum
loads. In order to achieve hovering at high altitude, in or out of the
zone of influence of the air cushion, the flying weight of the helicopter
must be decreased.

Vertical climbing may cause overloading of the lifting rotor, and a
vertical descent at high speed may cause the lifting rotor to enter the
vortex ring mode.

Specifics of Performance of Vertical Flying Modes

Vertical climb. In order teo go over from the hovering mode to the
vertical climbing mode, the general pitch lever must be moved smoothly up-
ward, and, in order to counter the increasing reactive moment, the right
pedal must be moved forward and the lever must be moved to the right,
while retaining the rotating speed, as in hovering, at between 80-82%.

One characteristic feature of this mode is that during a vertical climb,

in order to retain the required rotating speed, the pilot must not only

use the general pitch lever, but the gas corrector knob as well. The ver-

tical climbing speed should be slight, since the reserve of power and

hovering ceiling are low, since otherwise inertia may cause the helicopter

to reach a height higher than the hovering ceiling, after which it will de-
scend again independently. :

In order to stop a vertical climb, the general pitch lever should be
lowered smoothly and then the helicopter can be retained at the required .
altitude by moving the general pitch lever.

Vertical descent. In order to go over from the hovering mode to the
vertical descent mode, the "pitch-gas" lever should be moved downward
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smoothly to decrease the general pitch of the 1ifting rotor, providing a

vertical descent speed of not over 1-2 m/sec. A coordinated movement of

the left pedal forward (releasing pressure on the right pedal) and of the
cyclical pitch lever to the left will prevent turning and displacement of
the helicopter to the right as a result of the decreased reactive moment

of the lifting rotor and the thrust of the tail rotor.

The descent speed should be 1-2, not over 3 m/sec. At speeds over
3 m/sec, the lifting rotor will enter the vortex ring mode, which is par-
ticularly dangerous at low altitudes, at which it is difficult to bring
the helicopter out of vortex ring modes. If the vertical descent is con-
tinued to landing, beginning at 5 m altitude, the vertical rate of descent
must be decreaced by moving the general pitch lever upward so that the
rate of descent by the point of landing is not over 0.1-0.2 m/sec. If the
descent is performed in order to reach a fixed altitude, the general pitch
lever is moved upward ir order to decrease the vertical rate of descent to
zero at the required altitude.

During vertical descent, as curing climbing and hovering, the rotating
speed of the lifting rotor should be maintained between 80-82%.

Flying Limitations on Vertical Fiying Modes

1. During a vertical climb or descent, other maneuvers are forbidden,
except for takeoff with cargo on the external hook; therefore, limitations
for these regimes are only expressed in altitude. They are the same as
for hovering: from the ground up to 10 m, they can be performed without
limitations, at altitudes of from 10 to 250 m, only in special cases, at
altitudes over 250 m these regimes are forbidden for the same reasons as
applied to the hovering regime. The speed during a climb or descent at al-
titudes over 250 m should be no less than the minimum permissible speed for
climbing or descending at the altitude in question.

2. A vertical climb or descent should be performed with a head wind, but
since these regimes are usually used for takeoff and landing, which would
require rotating the helicopter while still on the ground, these modes can
be used with side winds or tail winds (side wind spced not over 10, tail
wind speed not over 5 m/sec).

3. The vertical rate of descent should not exceed 3 m/sec.
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CHAPTER V. TAKEOFF AND CLIMB WITH FORWARD SPEED

§18. Takeoff
General Information

Depending on conditions, the Mi-6 helicopter can take off like an
airplane or vertically. The airplane type takeoff is the main type used
for the Mi-6 helicopter, since it requires less power. The helicopter can
take off with high flying weight, increasing the weight performance and
commercial payload capacity or increasing the flying range by increasing
the quantity of fuel. All of this improves the economic effectiveness of
the helicopter, which approaches that of Stol aircraft. Calculations and
flying tests have shown that the airplane type takeoff can increase the
flying weight by 15% in comparison to the maximum which can be carried with
a vertical takeoff. The required run is not over 60-100 m. When the maxi-
mum weight is increased by 15% over the normal weight, the main wheels must
be separated during the run, the run then be1ng completed on the front wheel,
since this decreases friction and the increasing thrust of the 11ft1ng rotor
with increasing speed allows the overloaded helicopter to take off.! This
method of takeoff for helicopters is not yet to be found in the regulations,
since it requires an increase in the strength of the front landing gear
support. However, since the support is not designed for this type cof
takeoff, at the present time the maximum weight of the helicopter is not
15% over the normal weight, but rather somewhat less. For the Mi-6 heli-
copter used in <ivil aviation, the normal flying weight is established at
40,500 kg, the maximum---at 42,500 kg. When an airplane type takeoff is
used with speed picked ap on the takeoff run, increased vibration ('shaking
regime'), observed when speed is picked up after separation, is not noted.
With the airplane type takeoff, the helicopter uses a rather long run-
length and takeoff distance, so that these takeoffs can only be used from
permanent heliports or type 1 temporary heliports for heavy helicopters.

The maximum permissible takeoff weight for a vertical takeoff is de-
termined from nomograms. The nomograms have not yet been written for de-
termination of run length in an airplane type takeoff or takeoff distance
for both types of takeoff, since the Mi-6 helicopter is used at heliports
for which certain technical requirements are standard. These requirements
establish the size of the takeoff runways, air approaches, areas of

IM L. Mil' et. al., Vertolety. Raschet i Proyektirovaniye [Helicopters.
Design and Planning]}, Book I, Aerodynamics, Chapter 1, Mashinostroyeniye
Press, 1966.
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limitation of obstacles, slopes of heliport areas for type 1 and type 2
heliports depending on their altitude above sea level for various types

of helicopters: light, medium and heavy (Mi-6). These technical require-
ments have been developed on the basis of comprehensive flying tests of
all helicopters under various atmospheric conditions, changing on the
average during the course of a year, and also on the basis of the elevation
of the heliport above sea level. Type 1 heliports for each given type of
helicopter (light, medium, heavy) have the same dimensions and slopes of
approach strips and limitations of obstacles for a given elevation over
sea level, allowing takeoffs and landings to L: performed using either
method at any time of year and any time of day. Type 2 heliports allow
takeoffs and landings to be performed vertically outside the zone of in-
fluence of the air cushion, also any time of day or year. Therefore, when
taking off from this type of heliport using one of the methods described
and at the corresponding flying weight, the pilot can be sure that he is
flying safely. A landing in which the area of landing is selected from
the air is forbidden for the Mi-6 helicopter, except for forced landings.

Takeoffs of the Mi-6 helicopter from dusty, sandy or snow coveréd
heliports is difficult due to the poor visibility, just as is taxiing at
these heliports.

Airplane Type Takeoff

The airplane type takeoff, the main type used by the Mi-6, is per-
formed from airports and type 1 heliports, with artificial or natural
runways, but only with the cargo inside the cabin. The airplane type
takeoff consists of the following stages: takeoff run, separation, further
acceleration to 90 km/hr with simultaneous climb to 25-30 m and subsequent
increase in speed to the optimal speed of 140 km/hr (Figure 54).

Before the takeoff, the general pitch lever is set in the lower posi-
tion, the gas corrector knob is rotated fully to the right and, when the
rotating speed of the lifting rotor reaches 78-82%, the cyclical pitch
lever is pushed forward, with a simultaneous increase of the general pitch,
and the takeoff run begins. During the run, the cyclical pitch lever is
not pushed fully forward, but rather just enough to prevent separation
of the main wheels, to prevent the helicopter from resting on the front
wheel. During the takeoff run, the same forces acts on the helicopter
as during taxiing (see above).

At 50-60 km/hr, the helicopter is separated from the ground by a
smooth movement of the general pitch lever of the lifting rotor until the
takeoff mode is reached, and at the same time the cyclical pitch lever
is pulled back. When this is done smoothly with both hands, the thrust
of the lifting rotor increases due to the increased pitch of the rotor,
power of the engines and angles of attack of the lifting rotor blades.
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After separation, the acceleration must be comtinued with simul-
taneous increase in altitude, since the influence of the air cushien is
no longer felt, so that the helicopter must be maintained in the well-
known safe "'corridor” in case of engine failure. Furthermore, after
separation, as the helicopter picks up speed, it shows a tendency to
increase the pitch angle and to bank over to the right (due to the move-
ment of the axis of the cone of rotation to the rear and right) which must
be c.untered by moving the cyclical pitch lever forward and to the left.
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Figure 54. Profile and Elements of Airplane Type
Takeoff of Mi-6 Helicopter.

The length of the takeoff run and takeoff distance depend on the
flying weight of the helicopter, the speed of separation, the atmospheric
conditions and the condition of the runway. Repeated flying tests of
helicopters carrying various flying weights under various atmospheric
conditions at heliports with artificial paving at various altitudes above
sea level have shown that the takeoff runway is 180-370 m, the takeoff
distance 580-860 m. Four this reason, runway lengths at helipcrts for
heavy helicopters (Mi-6)} are made from 300-650 m, depending on the alti-
tude of the heliport above sea level (the higher the altitude, the longer
the runway), quality of pavement and whether the heliport is to be used
for round-the-clock or daytime only operation (the runway length is
greater for round-the-clock operation). The '"ground resonance' may
occur during an airplane type takeoff.

An airplane type takeoff with the Mi-6 helicopter is possible with
side winds up to 10 and tail winds up to 5 m/sec. With a side wind,
during the takeoff run the helicopter will attempt to turn nose into the
wind, which must be countered by the corresponding pedal movement. Further-
more, with a side wind a separation may occur with some bank and subsequent
displacement (drift). In order to prevent this, the bank must be countered
by moving the control lever in the direction opposite to the wind. After
separation from the runway, drift is prevented by banking in the direction
opposite to the wind, and the tendency to turn into the wind is countered
by movement of the pedal in the direction of the wind. At over 50 m
altitude, the drift is countered by selecting the proper course.
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When the Mi-6 is operated on dusty or snow covered heliports, air-
plane type takeoff should be performed against the wind. If the wind
speed is over 5 m/sec, this type of takeoff is no different from an or-
dinary takeoff, since the dust or snow will be blown away to the rear.
If the wind speed is less than 5 m/sec then, depending on the size of
the heliport, separation should be performed at various speeds: the less
the runway length, the less the speed of separation of the helicopter.
Furthermore, in all cases the run is performed until sufficient speed
is attained to provide visibility while maintaining the course using the
GIK-1 compass. When a speed of 30 km/hr is reached, good visibility will
develop, since the dust or snow cover will be left behind.

Brief description of methiod of takeoff. After checking the instru-
ments and receiving permission for takeoff, the gas corrector is moved
into the far right position and held there until the rotating speed
reaches 72-82%, for which the general pitch can be increased by 1.5-2°,
Then the run is begun by smoothly moving the cyclical pitch lever for-
ward with simultaneous novement of the general pitch lever backward.
During the run, forward directional stability is maintained by moving the
pedals smoothly as required. The cyclical pitch lever should be moved
forward only slightly, to be sure the helicopter does not roll forward
onto the front wheel. When a speed of 50-60 km/hr is reached, the general
pitch lever is moved further upward until the takeoff regime is reached
wuntil the UPRT-2 reads 97-100%) and the cyclical pitch lever is moved
back to cause the helicopter to rise off the ground. After separation,
acceleration is continued together with gradual increase in altitude so
that by the time 90-100 km/hr forward speed is reached, the 2ltitude 1s
25-3C m. Then the speed is increased to 140 km/hr, the engines are put
in the nominal operating mode (84-85° according to the UPRT-2) and the
stable climbing mode is set, retaining the lifting rotor rpm at 83% %+ 1%
(for the helicopter with trapezoidal blades) or 79% * 2% (for the heli-
copter with rectangular blades).

With a side wind, the tendency to turn and bank during the takeoff
run is compensated by moving the control lever into the wind and deflect-
ing the pedals with the wind.. After separation, drift is eliminated by
slipping into the wind, then after an altitude of 50 m is reached--by
proper course selecticn.

Vertical Take ff

This type of takenff is used if it is impossible to use an airplane
type takeoff, when the type of heliport requires it or when the takeoff
is being performed with cargc suspended externally and in other similar
cases. The vertical takeoff can be divided into two types: takeoff using
the air cushion and takeoff outside the influence of the air cushion.
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Vertical takeoff using the air cushion is performed from permanent
or temporary type 1 heliports, the dimensions and approach strips of
which allow this type of takeoff to be performed, and where the type of

soil or small obstacles prevent a takeoff run.

In this case, in order for the takeoff to be performed the engine

power reserve must be sufficient to support hovering at the required
altitude, requiring that the helicopter be loaded _correspondingly. The
maximum permissible flying weight for this cype of takeoff is determined
from the nomograms considering the influence of the air cushion

(Figure 55).

Barometric
altitude, m

Wind speed,
m/sec

Figure 55. Nomograms for Determination of Flying Weight
of Mi-6 Helicopter During Takeoff and Landing Using Air
Cushion: a, Rectangular b'-des; b, Trapezoidal blades.

These nomograms are construct:d individually for helicopters with
rectangular and with trapezoidal blades. The upper portion of the nomo-
gram shows the maximum weight of the helicopter with the engine in the
takeoff operating mode at a height of 5 m as a function of barometric
altitude and temperature of the air; the lower portion of the nomogram
shows the dependence on speed of head wind. In the upper portion of the
nomogram, the dotted lines show the rotating speed of the lifting rotor
providing a right pedal travel reserve of 10 mm in the hovering modz at

this altitude.

Before the takeoff, a test hover is performed in order to be sure
that the takeoff weight and loading has been calculated properly: if the
helicopter climbs to 5-€ m and hovers stably with the engine operating
mode at less than taksoff mode, the takeoff is possible. This test hover
is also necessary due to the fact that the thrust of the lifting rotor in

the takeoff mode varies from engine to engine as a result of varying
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aujustment of the engine and lifting system of each individual helicopter.
Then, the helicopter should descend to an altitude of 2-3 m and accelerate
in the area of influence of the air cushion. Due to the decrease in

power at this altitude, the reserve of right pedal movement increases to

20 mm. If the helicopter hovers at an altitude of less than 5-6 mm in the
takeoff mode, the takeoff cannot be performed. The flying weight must be
decreased, or if it impossible or not expedient to decrease it, an air-
plane type takeoff should be made if the heliport allows it. This require-
ment is necessary in order that during the acceleration from the hover at
2-3 m there will be a reserve of power to prevent descent of the helicopter
and contact of the wheels with the ground. If the helicopter hovers in the
takeoff regime at over 5-6 m, it can be additionally loaded if necessary.
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The nomogram is used to determin
ermissible flying weight of the

in the takeoff mode and the maximum p
helicupter at 5-6 m, although the hover before the takeoff acceleration

run is performed at 2-3 m. This reserve in altitude and consequently in
power is necessary to prevent descent of the helicopter during accelera-
tion. These limitations are calculated for heliports with barometric

altitude over sea leveil not over 500 m,

1f the altitude of the heliport is over 500 m, the tendency to de-
scend at the beginning of the acceleration run increases, so that the
height of the test hover must be increased, by decreasing the flying

weight of the helicopter.

The correction to the flying weight of the helicopter and the alti-
tude of the test hover is determined using 2 special nomogram (Figure 56).
Then the maximum permissible takeoff weight is determined as the difference
between the weight produced from the nomogram (see Figure 55) and the cor-
rection produced from the second nomogram {Figure 56).
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The test hover is performed at an aititude determined from the nomo-
gram. If the helicopter hovers stably at this altitude in the takeoff
engine operating mode, then calculation of the flying weight of the heli-
copter and its loading have been performed correctly, and the takeoff is
possible.

The following is an example of the usage of the nomogram.

Given: barometric altitude of heliport 900 m, air temperature +10°C,
wind speed 6 m/sec, rotor with rectangular blades.

Solution: on the vertical axis of the graph (Figure S55) we find al-
titude 900 m (point 1) and draw a horizontal line to its intersection
with the temperature curve corresponding to 10°C (point 2). Then we drop
a perpendicular to the horizontal line of flying weight (point 3).

Point 3 corresponds to the takeoff point of the helicopter under still
conditions, 41,300 kg. In order tvo determine the maximum permissible
takeoff weight with a head wind of 6 m/sec, we draw a line from point 3
equidistant to the curves on the lower portion of the graph, until it
intersects the wind speed line corresponding to 6 m/sec (point 4). From
point 4 we draw a vertical line to the intersection with the horizontal
line for takeoff weight (point 5). We read off the answer: maximum per-
missible takeoff weight 42,250 kg. Point 2, the intersection of the
horizontal line to the temperature curve, is located between the curves
for the rotating speed of the lifting rotor corresponding to 81 and 82%.
Consequently, the minimum permissible rotating speed of the lifting rotor
in order tc achieve a right pedal travel reserve of 10 mm is 81.5%.

Since the barometric altitude of the helicopter is over 500 m, we
must find the correction to the takeoff weight and test hover height
using the second nomogram (Figure 56). An example of the solution is
shown by the dotted lines with arrows and numeration of points.

Answer: the test hover height is about 6 m, correction to takeoff
weight 500 kg. Consequently, the maximun permissible takeoff weight is
42,250 - 500 = 41,700 kg.

A vertical takeoff in the zone of influence of the air cushion con-
sists of the following stages: vertical separation to test hover height,

test hover at this height, vertical descent to 2-3 m, hover at this height,

acceleration to 50-60 km/hr and transition to climb with further increase
in speed (Figure 57).

After hovering at 2-3 m, acceleration is performed at the same alti-
tude in the zone of influence of the air cushion. When the speed of
50-60 km/hr is reached, the influence of the air cushion disappears and
the pilot can go over to the climbing mode, as in an airplane type take-
off, so that by the time a speed of 90-100 km is reached, tne altitude

-94-




is 25-30 m. Then acceleration is continued to 140 km/hr, after which the
nominal operating mode of the ongines is used.

Over weighting of the lifting rotor are pessible, both in the ver-
tical climb, and during acceleration after hovering, in which case the
pilot must increase engine power to prevent descent.

When the speed is increased in the 20-60 km/hr range, the entire
helicopter vibrates (''shaking regime'"). The acceleration shouid be per-
formed as rapidly as possible in order to decrease the vibration, al-
though not too rapidly, in order to prevent descent of the helicopter,
which will nccur if the cyclical pitch lever is moved forward too rapidly.

When a speed of 60-70 km/hr is reached, the helicopter is noticeably
unbalanced, i.e., tends to increase the pitch angle, climb rapidly, bank
and rotate to the right due to dropping of the cone of rotation to the
right and the increased thrust of the tail rotor resulting from inclined
airflow. The helicopter must be balanced in the required position by co-
ordinated movements of all control levers in order to maintain the tra-
jectory.

During the process of acceleration, as a result of lightening of the
rotor its speed will increase, and the weight of the rotor must be increased
in order to hold the rotating speed within the required limits.

During takeoff with limiting rear sintering, the reserve of longitu-
dinal control away from the pilot is decreased, particularly in the take-
off mcde, so that the cyclical pitch lever must be moved forward smoothly,
in order to be sure that the front stop is not reached. If this occurs,
the rotating speed of the lifting rotor can be increased and the speed of
the helicopter decreased.

Limitations as to wind allowable during a vertical takeoff are the
same as those allowed during an airplane type takeoff. One must recall
that a side wind is more dangerous during a vertical takeoff at the moment
of separation of the helicopter from the earth than during acceleration.
Therefore, if the acceleration is to performed with a side wind of about
10 m/sec, the helicopter should be turned against the wind and separation
performed in this direction, then turned in the required direction while
hovering.

The takeoff distance for a vertical takeoff in the zone of influence
of the air cushion produced by test flight at a heliport 500 m above sea
level with a flying weight of the helicopter of 40 T, air temperature 19°C
and head wind 2-3 m/sec was 385 m. The length of the horizontal sector
of acceleration on the air cushion was about 120 m. The flying distance
with vertical takeoff depends on the same factors as with an airplane
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type takeoff. Furthermore, the flying distance depends on the rate of
climb established after the acceleration in the horizontal sector to
50-60 km/hr; the greater the rate of climb, the greater the flying dis-
tance. Figure 58 shows this dependence, produced by flying tests. The
data are not corrected to standard atmospheric conditions. The tests
were performed at an external air temperature of 22°C, pII = 742 mm Hg,

nead wind speed 2-3 m/sec. The power in the horizontal sector was in-
creased to the nominal. The flying weight of the helicopter was 38,5 T.
As we can see from the figure, with climbing rates of 90 and 100 km/hr
at 25 m altitude, the flying distances are 416 and 442 m respectively.
In using the Mi-6 helicopter, it is recommended that these speeds be
reached at an altitude of 25 m. If the acceleration is performed less

energetically and if the speed at 25 m altitude is less than 30-100 km/hr,
the flying distance decreases correspondingly. As we can see, the flying

distance is so great that vertical takeoff using the air cusiion is pos-
sible only from type 1 heliports.

NOT REPRODUCIBLE v=10.km/hr
1551100 /i

-'_\':._—:-'-""""- " ] )
e /%3363 fam/hr =z
TR ; R
N e om0 *y
e i ; v -
:'~m=y;~ | £
.,'.l '_‘,., T T Y r,,_-:-'IF.;z, N VT Ve Yo Vi O Oy
ES ORISR P JpO—_
e -
As, 00 m —_—

Figure 57. Profile and Elements of Vertical Takeoff Using
Air Cushion.
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Figure 58. Flying Distance with Vertical
Takeoff of Mi-6 Helicopter as a Function of
Climbing Speed at Altitude 25 m: Gav =

= 38,500 kg; UPRT reading--85%; n, = 83%;
W = 2-3 m/sec (head wind); t = 22°C; PH =
= 742 mm Hg.
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' Vertical takeoffs from dusty or sandy heliports with head winds of
over 5 m/sec represent no difficulties, since visibility is good. With
a wind of less than 5 m/sec, dusty or sandy heliports should be sprayed
with water before a vertical takeoff is made, since otherwise takeoffs
are forbidden. Vertical takeoffs from heliports with freshly fallen or
loose snow are forbidden. Vertical takeoff using the air cushion are
allowed on heliports covered with snow, but hovering is performed with
the nose of the helicopter into the wind at an altitude of 5 m, and the
acceleration run is also begun at this altitude.

Brief description of takeoff method. After receiving permission for
takeoff, the gas corrector knob is turned to the far right position, then
the pilot waits until the rotating speed reaches 78-82%, lifts the
helicopter off the surface by smoothly moving the general pitch lever
upward, climbs to the height of the test hover (determined from the nomo-
gram). If the helicopter hovers stably at this altitude at takeoff mode
or less, takeoff is permitted. Then the pilot descends to 2-3 m, holding
the rotating speed of the lifting rotor st 80-82%. He then smoothly
moves the cyclical pitch lever to begin the acceleration run, at the same
time increasing the engine power to the takeoff regime (97-100% according
to the UPRT-2, general pitch 9°). The pilot accelerates to 50-60 km/hr
without climbing or while climbing, but in either case flying so that the
altitude will be 25-30 m when a speed of 90-100 km/hr is reached- (as
during the airplane type takeoff). After passing the obstacles, the
speed is increased to 140 km/hr and the nominal engine operating mode
is set (84-85° according to the UPRT-2), retaining the rotating speed of
the lifting rotor at 79 *+ 2% for a rotor with rectangular blades or
82 t 1% for a rotor with trapezoidal blades.
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Figure-59. Nomograms for Determinatior of Limiting Flying
Weight of Mi-6 Helicopter for Takeoff and Landing Without
Using Influence of the "Air Cushion'': &, For helicopter with
rectangular blades; b, For helicopter with trapezoidal blades.
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Vertical takeoff outside the zone of influence of the air cushion is
performed during takeoff from type 2 heliports, for rescue, construction
and installation work and during transport of externally suspended cargo.

In order to insure safe takeoff, the hovering altitude chould he
10 m higher than any obstacles which must be overccme during the accele-
ration. In order that the helicopter might be able to climb to this
altitude, it must be correspondingly unloaded. The maximum permissible
takeoff weight in this case is determined from a nomogram, without con-
sidering the influence of the air cushion (Figure 59). The method of
determining the maximum permissible takeoff weight and rotuting speed of
the lifting rotor in order to maintain a right pedal control reserve of
20 mm is the same as for the nomograms considering the influence of the
air cushion. The control reserve of the right pedal is not changed,
since the altitude at which the acceleration is begun is the same with
this takeoff method as the altitude of the hover.

The higher the altitude of the heliport above sea levei and the higher
the air temperature, the higher must be the rotating speed of the lifting
rotor in order to maintain a constant control reserve of the right pedal
of 20 mm. This rule was used in constructing the curves of temperatures
and lifting rotor speeds on the nomogiams. The maximum permissible
speed of the lifting rotor for a vertical takeoff is 86%. At those al-
titudes and temperatures for which the rotating speed should be over 86%
in order to retain the control reserve of the right pedal at 20 mm, the
rotating speed must be left as before, and the takeoff power decreased
by decreasing the flying weight of the helicopter. This is also reflected
in the nomograms. The solid curves showing the dependence of rotor thrust
on altitude and various temperatures have a brake at points of inter-
section with the dotted line corresponding to 86% rotating speed of the
lifting rotor. At altitudes greater than the altitude corresponding to
these brake points, the curves are sloped sharply to the left, i.e.,
toward decreasing thrust (flying weight). Consequently, with less weight,
less thrust and power are required, and the takeoff is performed at
powers of less than takeoff power, assuring a right pedal travel rese.ve
of at least 20 mm.

The correctness of the calculation of flying weight from the nomo-
grams and the correctness of loading are determined before the takeoff:
if the helicopter hovers stably at an altitude 1C m higher than local
obstacles with the engine in the takeoff mode, the flying weight has been
properly selected. Vertical takeoff outside the zone of influence of
the air cushion consists of the following stages: vertical separation and
climb to 10 m higher than local obstacles, brief hovering at this height,
acceleration to the economical speed (140 km/hr) and the transition to a
stable climb at this speed (Figure 60).

The vertical climb is performed carefully at low speed to a height
10 m above local obstacles. If this climb is performed too rapidly, the
helicopter may contirue to climb due to inertia to an altitude higher
than its hovering ceiling for the given conditions, after which it will
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begin to descend involuntarily. Also, the lifting rotor may be over-
weighted in this case. Acceleration after hovering is performed care-
fully, by smoothly deflecting the cyclical pitch lever forward, either
horizontally or with some slight climb, depending on the power reserve.
If there is no power reserve, that is if hovering is performed with the
engines in the takeoff mode, the acceleration must be horizontal. As
the obstacles are approached, the helicopter will have accumulated some
speed, so that an excess in power will be available, allowing maneuvering.
Collisions with obstacles will never occur if the heliport or area from
which the takeoff is performed corresponds to the technical requirements
for type 2 heliport..

With this type of takeoff, the vertical climb and acceleration are
performed in the danger zone in case of engine failure; therefore, this
type of takeoff is used only when necessary, but since the D-25V engine
operate reliably, these takeoffs are widely used.

When taking off from sandy, dusty or snow covered heliports, the
same recommendations should be followed as for the vertical takeoff using
the air cushion, although in this case the conditions for this type of
takeoff are more favorable, since the helicopter will move out of the
zone of the dust cloud as it climbs vertically.
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Figure 60. Profile and Elements of Vertical
Takeoff Outside of Zone of Influence of Air
Cushion.

Takeoffs with cargoes suspended externally are more difficult for the
pilot and require higher power reserves; therefore, these takeoffs are
permitted from heliports not over 500 m above sea level. The flying weight
of the helicopter should not be over 38 T, the weight of the cargo sus-
pended externally should not be over 8 T. After the cargo is hooked up,

a test hover should be performed (height from cargo to ground 3 m), to
check sintering and power reserve, and only after thic should the accel-
eration be begun. Acceleration should be performed by deflecting the
cyclical pitch lever smoothly forward, with constant increase in altitude.
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When an indicated speed of 100 km/hr is reached, the engine should be
shifted to the nominal operating mode, setting the rctatirg speed of the
lifting rotor at 83%, and the helicopter should be transferred to the
stabie climbing mede,

Flying Limitations During Takeoff

1. The maximum permissible takeoff weight of the Mi-6 helicopter is
42,500 kg, the normal takeoff weight is 40,500 kg, the maximum permissible
takeoff weight with externally suspended cargo is 38,000 kg. .

2. The maximum permissible weight of transported cargo inside the cabin
is 12,000 kg, on the external suspension system--8,000 kg (based on the
strength conditions of the fuselage at the point of attachment of the
hydraulic <lamp line).

3. Takeoff can be performed with head winds of up to 25 m/sec, side
winds up to 10 m/sec and tail winds of up to 5 m/sec. The weather minimum
for all takeoffs during the daytime is: ceiling at least 200 m, horizontal
visibility at least 2,000 m and wind speed not over 25 m/sec, air tempe-
rature from 40° to sQ°C.

4. With a head wind of less than S5 m/sec, takeoffs from dusty or sandy
heliports must be performed only using the aircraft type takeoff, with
the following separation speeds: if the length of the surface suitable
for the takeoff run is over 300 m, separation is performed at 50-60 km/hr;
if the length of the area is less than 300, but not less than 100 m with
open approaches, the separation speed is 30-35 km/hr.

5. Vertical takeoffs from heliports and areas with freshly fallen and
loose snow are forbidden.

6. Takeoffs can be performed only from airports, permanent or temporary
heliports or areas corresponding to the technical requirements for heli-
copter aviation heliports.

§19. Climbing with Forward Moveme:t
General Characteristics

The basic form of climbing used by the Mi-6 helicopter_ is the climb
with forward movement. This regime requires less power than a vertical
climb, i.e,, it is more economical. It is characterized by high rate of
climb, as a result of the great excess power, improved stability and
controllability and high control reserve; therefore, piloting techniques
are made easier. Higher altitudes can be reached by climbing with forward
movement (the ceiling of the helicopter is higher) than in a vertical climb
(hovering ceiling), and this difference in altitudes is quite great.
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Figure 61. Change in Optical
Climbing Speed as a Function of
Flying Altitude: 1, Design
(true); 2, Indicated.

The optimal speed for climbing is the economical horizontal flight
speed (140 km/hr indicated), since at this speed the maximum excess power
and therefore maximum rate of climb are achieved. The greatest true
climbing speed, calculated as a function of flying altitude, changes as
follows (Figure 61,1): at the surface it is 150 km/hr, it increases with
increasing altitude and reaches 162 km/hr at 5,000 m.
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