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A Few Words About This Program Congratulations on your lucky purchase! Flanker opens a radically new era in flight simulation for PC; its technical characteristics and capabilities come closer to simulators used to train military and civil aviation pilots, while retaining all the advantages of the PC format and cost. Our program simulates one of the best fighters in the world - the Su-27, which was created by the Sukhoi aircraft design bureau and which NATO calls the Flanker. This is the aircraft which in 1989 accomplished the unique "dynamic deceleration" maneuver named Pugachev’s Cobra for the first time. It is the pièce de résistance at many international air shows and the number of world records set by this aircraft is a record in itself. By contrast with other simulators you won't be forced to fly a foundry pig of an aircraft in outer space and fire at your enemy with violent abandon, atomizing any target with your eyes closed. Our flight model includes all the parameters of the real thing: thrust, drag, lift, induced drag, angle of attack, altitude, pressure, temperature, weight (function of fuel burn and weapons delivered), inertia, and many others. All weapons whether airborne or ground-based demonstrate the complete characteristics of the real thing: acceleration/deceleration, fuel burn, launch parameters, radius of turn, proximity detonation, size of blast, kill probability, etc. You will not be expected to fight with harmless daydreamers, but with an extremely qualified adversary equipped with excellent modern weapons. In a word, be ready to sweat. The program constantly handles huge volumes of calculations (equations of motion, image generation, tactics, etc.), and so requires the appropriate computer power: IBM PC-486, 66 MHz and higher are recommended. We also suggest that your PC be equipped with a VESA Local Bus or PCI system for better performance. However, for those of you with slightly lesser performance, don't worry, there's a version for you on the installation disk. This program documentation is neither a flight manual for the fighter-pilot nor a thesis on combat tactics - there is quite a lot of appropriate literature on the subject. In this book we only want to acquaint you with the principle features of the Su-27, how to execute typical flying maneuvers and how to employ the weapons systems, air-to-air and air-to-ground.



Where to Begin The contents of this book are divided into two parts, each part consisting of a number of chapters. The first part contains the description of how to fly the Su-27 and fight. This part contains some information unique to the Su-27 fighter, so get acquainted., so if you want to ride the Flanker as a professional, you will certainly be forced to get acquainted with the most part of the information contained here in details. The second part of the manual deals with the front-end of the program, namely the Mission Editor.
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Part 1. Sukhoi Su-27 "Flanker" Chapter 1, "Introduction". The chapter you are reading includes Su-27 brief design history and technical specification. It also contains the information necessary for you to place yourself instantly in the cockpit and quickly take off, without going through the entire book. Chapter 2, "Inside the Cockpit". Here you will find the detailed information on the cockpit and avionics suite. We list all the instruments and controls of the Su-27 and explain their principles of operation. Chapter 3, "Piloting the Flanker". This chapter is intended primarily for users not proficient in the piloting of aircraft (real or computer-simulated). Here you will find out how to take off and land, fly basic aerobatics and use the navigational aids. Chapter 4, "Weapons". Read this chapter if you want to know details about the weapons available to the Flanker and other aircraft. Chapter 5, "Air Combat". Look up here if you don't know how to acquire and kill airborne targets. You will learn how to operate the radar, electro-optical and helmet-mounted systems. Chapter 6, "Hitting Ground Targets". You will learn how to deliver weapons to ground and marine targets. Chapter 7, "Warnings and Failures". To get out of an engagement alive you'll have to know how the warning systems work, how to survive aircraft failures, and how to react to airborne and ground threats. Chapter 8, "Understanding SAMs and Countermeasures". Since our program incorporates various kinds of anti-aircraft artillery and SAM installations, you should probably want to learn how to avoid being shot down by them. Here you will also find information on missile defense.



Part 2. Mission Editor Chapter 9, "Theater of Play". Read this chapter if you want to know why we chose Crimea as the battlefield. Chapter 10, "Getting Started". Here you will get acquainted with the Mission Editor basics. Chapter 11, "Planning your mission". This chapter classifies and helps you plan pre-set missions. Chapter 12, "Building new missions". When you might want to create a brand new mission in order to fly on your own or give it to your friends, this is the chapter you should turn to. Chapter 13, "Miscellaneous". Here you will find information on head-to-head missions. Furthermore, we'll teach you how to sequence, edit and post-produce your air sequences into exciting "video" montages. Set-up the program to properly work with your supplementary equipment such as sound card, joystick and network hardware. Here you'll learn what preferences are available to you while working in the Mission Editor.
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Chapter 1. Introduction A Brief History of the Su-27 Flanker For many years Western fighter pilots considered practically all Soviet fighters as MiGs. However, times have changed and they have come to know yet another formidable name - the Sukhoi Su-27, unofficially called by Russian service personnel "Zhuravlik" which stands for Crane, and designated by NATO as the Flanker. A participant at practically all international air shows and fairs, this aircraft has been selected as the cornerstone of the Russian air force into the 21st century, eclipsing all rivals. The single-seat fighter-interceptor Su-27 was created by the Sukhoi OKB (Russian designation for Design Bureau) for the fighter units of the Air Defense (Russian designation PVO) and Air Force of the Soviet Union (Russian designation VVS). The aircraft was conceived in 1969, after the Sukhoi OKB won a governmental contract to design a long-range interceptor to replace the Tu-128 'Fiddler', Su-15 'Flagon' and Yak-28P 'Firebar' in PVO service. Furthermore, the new aircraft had to have operational characteristics surpassing those of its American analogue - the F-15 'Eagle'. The prototype of the Su-27 under the designation “T-10-1” was to become the first "unstable" aircraft in the former USSR. Its aerodynamics would have to be determined completely by the capabilities of its quadruplex flight-by-wire control system. The growing importance of low-level penetration tactics dictated that the new fighter should be capable of look-down/shoot-down intercepts of aircraft and low-flying cruise missiles, while the increasing use of stand-off weapons made it necessary to track and destroy targets at very long ranges. The design team was led by Yevgeny Ivanov supported by the bureau's General Designer Pavel Osipovich Sukhoi, replaced after his death in 1975 by the current General Designer Michail Petrovich Simonov. It's very interesting that after two years of preliminary work the basic layout of the aircraft was drawn up by only three men over a single weekend. On the 20th of May 1977 the T-10-1, built in its Moscow workshop, made its maiden flight in Zhukhovsky piloted by Vladimir Ilyushin, son of the famous aircraft designer, a Hero of the Soviet Union and test pilot of the Sukhoi OKB. The tests showed that the aircraft in general satisfied the requirements of the technical assignment. A batch of ten aircraft was ordered for development trials. However, it was soon established that the maximum flight range and maneuverability of the new aircraft did not surpass those of the best foreign equivalents. There were also problems with drag, flutter, engine performance and fuel consumption. In addition, the second prototype T-10-2 crashed, killing its pilot. The research workers of the design bureau decided to substantially modify the aircraft. By 1981 an entirely new aircraft under the name of T-10-S was born and made its maiden flight on the 20th of April again flown by Ilyushin. This aircraft looked much more like the production Su-27 we know today. Tests showed that the designers had created a really outstanding aircraft having no equals in maneuverability, flight range and combat effectiveness. The Su-27 included some radical innovations. The airframe was designed using a so-called "integral layout" with smooth fairings between the wings and fuselage. Due to the incorporation of advanced lightweight aluminum-
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lithium alloys, the airframe is light, if you consider its strength and sheer size. The wing was engineered using an ogival shape and wingroot extension. The wing, which has about 42˚ of leading edge sweep is vast but simple with full-span leading-edge flaps (slats) and trailing-edge flaperons. Occupying about two-thirds of each trailing edge the 4.9m2 flaperons combine the functions of conventional flaps and ailerons and move in unison as flaps to provide lift and drag, or differentially as ailerons. The Su-27 is powered by two AL-31F highly economical dual-flow turbojet engines designed by A. M. Lyul'ka, the MMZ Saturn General Designer. The AL-31F engine is rated at 12500 kg static thrust in afterburner (when it consumes 1.92 kg of fuel per kg of thrust per hour) and at 7600 kg in military power (where fuel consumption drops to 0.75 kg of fuel per kg of thrust). Specific fuel consumption at cruise power is 0.67 kg/kg hour. With a TBO of 3000 hours the engine has proved to be reliable, robust and maintainable. The engine's most impressive feature is its tolerance to severely disturbed airflow, and its ability to go on running smoothly in extreme conditions, as demonstrated during the tail-slide and Cobra maneuvers. An indisputable strength is the aircraft's quadruplex fly-by-wire remote control system (Russian designation EDSU) with built-in angle of attack and G limiters. The aircraft employs a weapons control system using the RLPK-27 (service designation) coherent pulse-Doppler jam-proof radar with track-while-scan and look-down/shoot-down capability. The radar has a maximum detection range of 240 km (149 miles) and a tracking range of up to 185 km (115 miles) and is able to simultaneously track up to 10 targets and provide simultaneous missile launch on two targets. The radar is backed up with the 36Sh electro-optical system (EOS) designed by the Geophysica NPO. The EOS combines laser rangefinder (effective range 8 km/5 miles) and Infra-Red Search and Track (IRST) (effective range 50 km/31 miles). The EOS or missile's seekers can be slaved to the pilot's helmet-mounted target designator allowing the pilot to target simply by moving his head. The pilot sits on the Zvezda K-36DM zero-zero ejection seat, which is also used on many other Russian combat aircraft, including the Buran space shuttle. The K-36DM is capable of safe operation at all speeds from zero to 1400 km/h (870 mph) or Mach 2, and at altitudes from ground level to 25000 m (82,020 ft). In 1989, during Le Bourget air show it saved Anatoly Kvochur, the famous LII (Russian designation for the Flight Experimental Institute) test pilot from certain death, when his MiG-29 ingested a bird into the starboard engine intake at about 300 ft and 250 km/h. The serial production of Su-27 began in the far eastern town of Komsomolsk-upon-Amur in 1982, and the first production aircraft entered service in the Air Defense and the Air Force units only in 1985. In 1991 China bought twenty-four Su-27s for $35,000,000 each. After the break-up of the USSR, new users of the Su-27 appeared, most notably the Ukraine, Byelorussia and Georgia. Between 1986 and 1988 the Su-27 was modified with the aim of setting world records and assigned the name P42. This aircraft set 27 world records. These included time-to-height records to 3000, 6000, 9000, 12000 and 15000 m (9,843; 19,585; 29,528; 39,370 and 49,213 ft, respectively), a height record of 19335 m (63,435 ft), and time to height records with various payloads. In the summer of 1989 during the Paris Air Salon at Le Bourget the Su-27 demonstrated for the first time the "dynamic deceleration" - a new maneuver named Pugachev’s Cobra in honor of its first performer. In a sharp nose up movement the aircraft, weighing some 26 tonnes and flying at 450 km/h pitches up to 100˚ angle of attack decelerating to 250 km/h in 1.5 seconds and then returns to horizontal flight.
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The Su-27 became a base for development of many different versions. The following versions are known for the moment: • Su-27UB - two-seat combat trainer; • Su-27UP - two-seat combat patrol trainer for the air defense units; • Su-30 (Su-27PU) - two-seat interceptor, optimized for long duration missions, with advanced "mini-AWACS" datalink option for group operations; • Su-32FN - side-by-side two-seat tactical bomber; • Su-33 (Su-27K) - navalized version of the Su-27; • Su-34 (Su-27IB) - side-by-side two-seat fighter-bomber; • Su-35 (Su-27M) - tactical multi-role fighter. But all these superb aircraft will appear in the next story...



Technical Specification of the Su-27 Length (w/o pitot head)



Su-27 FLANKER
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Metric



Imperial



Maximum range



4000 km



2,160 nm



Empty weight



16000 kg



35,274 lb



Standard takeoff weight



22500 kg



49,603 lb



Maximum takeoff weight



30000 kg



66,138 lb



Maximum landing weight @ 3 m/s R.O.D.



22000 kg



46,300 lb



Internal fuel tanks capacity



9400 kg



20,723 lb



Metric



Imperial



Takeoff run in afterburner @ 22500 kg TOW 500-700 m



1,476-2,297 ft



21.935 m



72 ft



Landing run with parachute



620 m



2,034 ft



Landing speed @ 22500 kg



240 km/h



130 knots



Height



5.932 m



19.5 ft



Wingspan



14.7 m



48 ft



Wing sweep



42˚



Wing area



62 m 2



Crew



1 officer



Engines



2xTRDD AL-31F turbofans



Total thrust



25000 kg



55,115 lb



Fuel consumption (per kg of thrust per hour): full power military power cruise power



1.92 kg 0.75 kg 0.67 kg



4.23 lb 1.65 lb 1.48 lb



667 ft 2



Top speed at sea level



1470 km/hour



794 knots



Top speed at 50,000 ft



2500 km/hour



1,350 knots



Maximum Mach



2.35



Service ceiling



18500 km



59,000 ft



Dynamic ceiling



24000 km



78,800 ft



Maximum rate of climb



300 m/sec



960 ft/sec



Critical AOA



33˚



Max operational AOA



27.5˚



Maximum G-load



9.0



Maximum rate-of-turn sustained instantaneous



22.5˚/sec 28.5˚/sec



Quick Start To install, configure, and run the program you should refer to the separate Technical Supplement, which gives detailed description of these procedures for different kinds of hardware and operational environments (DOS, Windows, etc.). Once the program starts, you will find yourself within the Mission Editor. If you are impatient to find out just how good a pilot you are, it's time to plunge into Instant Action. To accomplish this, click File (or press Alt+F) on the menu bar at the top of the screen, then select Open Mission. From the dialog box select "Training mission" for the file type and Free Flight (the file t_freef.mis) or Air Combat (t_a2a.mis) for the mission title, depending on your wish. Press the Run button. Some seconds later you'll find yourself in the cockpit of the Flanker flying ahead and free from guns and adversaries or ready to dogfight with enemy fighters, respectively. In the second case, be ready to use your weapons against enemy aircraft. Enjoy yourself! If you do want to go through all the stages of flight - from takeoff to landing - and train yourself in aerobatics without the risk of being attacked, choose the "Free take-off" training mission (t_ftoff.mis). You'll find yourself in the cockpit of the Su-27 on the runway and ready to go. Lower the flaps and slats (press F). Frankly speaking, this is a standard procedure but isn't obligatory. Throttle up to military power (100%) - press PgUp twice or push the throttle lever forward, or roll forward the throttle wheel on your joystick. Note that as standard procedure Russian pilots do not engage afterburners on take-off (unless the aircraft is heavily loaded, the runway is short, or the threat level high). Accelerate to 250 km/h (check the number in the upper left-hand corner of the Head-Up Display), then smoothly pull back on the stick (or press the DownArrow key). The nose will rise smoothly.
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Check attitude at 10-12˚ nose up on the HUD (the number to the left from the HUD center). Let the aircraft accelerate in this attitude. When the wheels have lifted off the runway and the rate of climb is positive, select GEAR UP (press G), and at an altitude of about 100 meters - FLAPS UP (press F). Have a nice flight! To have a look at your aircraft from outside, press F2. To return to the cockpit, press F1. You can also quickly finish your flight with the ESC key. Check the Keyboard Reference Card for more.



Su-27 FLANKER
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Chapter 2. Inside the Cockpit The cockpit of the Su-27 can be divided into two main sections: the Instrument Panel and the Head Up Display (HUD). The panel contains most of the flight instruments. The HUD displays the main navigational and combat information; its detailed description is given below in a separate section. A number of indicators, buttons and levers, including the Throttle Lever, are located on the side panels of the cockpit, but this manual does not describe them because of their unimportance to this package.



Instrument Panel Use the Numeric Keypad to move your head around. A front view of the Instrument Panel (pilot’s head is lowered down) is shown in the figure below. The layout of the instruments, controls and their operation almost completely cor respond to those of the real Flanker. Attitude Direction Indicator



Weapons Readiness Panel



Variometer



Master Warning and Failure Indicators Multi-Function Display



Airspeed Indicator & Mach Meter



Afterburner Engaged Indicators



Combined G-meter & AOAIndicator



RPMIndicator



Radar Altimeter Barometric Altimeter



Jet Pipe Temperature Indicators



Slats Indicator Threat Warning Display



Configuration Display



Fuel Gauge



Autopilot Engaged Indicator Altitude Stabilization Indicator



Neutral Trim Indicator



Horizontal Situation Indicator



Let's consider the main instruments located on the forward panel.



Control and Hydraulic Systems Failure Indicators
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Su-27 FLANKER



Weapons Readiness Panel



Airspeed Indicator & Mach Meter (ASI)



This indicator is located just below the HUD and shows the location and readiness of the available weapons hanging on 10 underwing and fuselage pylons. The illuminated lights in the upper row (green) indicate the presence of weapons on the pylons, and those in the lower row (yellow), the readiness of the corresponding weapons to instant use. Note that such readiness is governed not only by the selection of the weapon, but also by the specific combat situation.



The ASI is situated to the right of the G Meter and gives information on the current indicated airspeed and Mach number.



Combined G Meter& AOA Indicator This instrument is located in the upper left corner of the Instrument Panel. The scale of the AOA Indicator (left side of the instrument) has uniform marks in the range from 20˚ to 40˚. The red mark on the scale marks the maximum operational angle of attack - 27.5˚ (the critical AOA for the Su-27 is 33˚). On the right side of the instrument is the Gs scale uniformly marked every 2 Gs from 4 to 10. The aircraft is limited by -3 and 9 Gs. Two shorter tell-tale needles are visible on the right inner rim of the Gs scale. They show the maximum positive and negative Gs you have pulled since takeoff.



Indicated airspeed (IAS) is determined by the value of dynamic pressure experienced by the aircraft moving through the air. At sea level indicated airspeed is exactly the same as the true airspeed of the aircraft's motion relative to the air it is flying through. However, if the true airspeed remains constant with an increase in your altitude, indicated airspeed decreases since outside air density drops with altitude. This means that to maintain level flight at higher altitudes requires increasingly higher true airspeeds (at a constant AOA). Indicated airspeed is very important for showing when the aircraft is about to stall, as it has direct relation to the airflow over the wings. The scale of the ASI is marked from 0 to 1600 km/h and is non-linear (the values of the scale divisions grow with increase in speed). The three-digit Mach number indicator reflects the ratio of true airspeed to the speed of sound under the given flight conditions. On the figure above the instrument shows an IAS of 900 km/h and Mach 0.81.



Radar Altimeter



The instrument readings in the above figure show an AOA of 5 degrees and G-load



of 2.5 Gs. The Radar Altimeter is right below the Combined G Meter & AOA Indicator. It indicates the aircraft’s altitude in meters above ground level (Russian designation ‘VTNHS‘ on the instrument is pronounced 'met-ree' and denotes METERS). The scale of the instrument is marked from 0 to 1000 meters and is non-linear (the lower the altitude the larger the division).
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The reading of the Altimeter in the figure above corresponds to an altitude of 700 meters above ground level.



corresponding control is in the active position, i.e. enabled. A flashing green light means that the control is in movement.



Barometric Altimeter



The anti-FOD screens are automatically actuated on take-off and landing.



Autopilot Engaged Indicator Illumination of this indicator located to the right of the Configuration Display indicates operation of the Automatic Control System in autopilot mode. Russian designation 'FDNJ' (pronounced 'af-to') denotes AUTO. The autopilot is toggled by the A key.



Altitude Stabilization Indicator



This indicator is below the ASI, and it measures the aircraft’s barometric altitude, which is based on the difference between outside air pressure and air pressure at sea level. The small needle moving along the internal scale of the instrument shows your barometric altitude in the range from 0 to 30 km. The external scale is marked every 100 meters in the range from 0 to 1000 meters.



The Altitude Stabilization Indicator is to the right of the Autopilot Engaged Indicator below the Barometric Altimeter. It’s illumination denotes that the Automatic Control System is in altitude stabilization mode. Russian designation 'Y cnf,' is pronounced 'ash-stab'. Altitude stabilization mode is toggled by the H key.



Attitude Direction Indicator (ADI)



Here the reading on the internal scale corresponds to 6 kilometers and that on the external scale to 750 meters, which gives a total altitude of 6750 meters.



Slats Indicator The Slats Indicator is to the left of the Radar Altimeter. The white needle on the black bar indicates the position of the leading edge flaps also known as slats. The lower the needle is, the further the slats are deployed ('DSG '). Note that the slats on the Flanker are engaged automatically, when the aircraft needs extra lift (for example, when performing a hard turn or landing).



Configuration Display



In the center of the Instrument Panel just below the Weapon Readiness Indicator is the Attitude Direction Indicator (ADI) or artificial horizon. It is the main navigational instrument, especially in zero visibility conditions. The mobile Pitch Scale and the Aircraft Datum (symbolic image of the aircraft in the center) show the aircraft's spatial orientation with respect to the horizon. The ADI also receives control information on the required pitch angle, bank, heading, and altitude. This information is supplied by the navigation system and it enables the pilot to manually fly the Flanker and follow a specific flight plan. The readings of the instrument in the above figure show that the aircraft is flying pretty much straight and level. However, the Required Bank Needle and the Required Heading Needle indicate that the pilot should turn right. Furthermore, the command Pitch Needle and the Required Altitude Needle indicate that the pilot should pitch up slightly and gain some altitude.



In the lower left-hand corner of the Instrument Panel below the Radar Altimeter is the Configuration Display. It shows information about the positions of the landing gear, flaps, anti-FOD screens, air brake and drogue chute. Illumination of any indicator by a green light means that the
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Horizontal Situation Indicator (HSI)
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a radio beacon in the presence of wind, it is necessary to align the ADF needle with the angle of drift needle rather than with the heading index The readings of the instrument in the figure above correspond to a heading due East (90˚) with an angle of drift of 15˚ right. The next beacon is at 215˚, and the distance to the beacon is 23 km. The designated flight path indicator shows a heading of 135˚.



Automatic Control System Failure Indicator



In the lower central part of the Instrument Panel just under the Attitude Direction Indicator is the main navigational instrument - the Horizontal Situation Indicator (HSI). Using the rotating heading scale and the fixed heading index at the top of the instrument, the pilot reads the aircraft’s heading (here, 90˚ or due East). Marks on the scale are in increments of 10 degrees. The 'C' character on the heading scale stands for North in Russian; '9' corresponds to 90˚ (East), '18' to 180˚ (South), and '27' to 270˚ (West). The Automatic Direction Finder or ADF aids in guiding the aircraft to a waypoint (a radio beacon). When the narrow arrow and the fixed heading index are aligned, the aircraft is flying precisely in the direction of the current radio beacon (in the absence of wind). The number in the upper left-hand corner of the HSI shows the distance to the current waypoint (in kilometers).



The illumination of the ACS Failure Indicator (Russian designation 'CFE' pronounced 'sau', stands for Automatic Control System) located to the right of the HSI signifies a failure of the Automatic Control System. This indicates a disturbance and/or failure in the operation of Autopilot and Altitude Stabilization systems.



Hydraulic System Failure Indicator The Hydraulic System Failure Indicator (Russian designation 'UBLHJ' pronounced 'gid-ro', stands for HYDRO) is just below the ACS Failure Indicator. When the hydraulic booster system fails, this indicator lights up. This kind of failure results in the loss of control of the flaps, slats, and the air brake, plus diminished authority of elevator, rudder and flaperons. For more information on systems failures read Chapter 7, "Warnings and Failures".



Jet Pipe Temperature Indicators



The navigation system controls the position of the designated flight path needle (wide arrow), which indicates the required flight trajectory. This can be important, if your flight plan has been designed to avoid threat zones, such as enemy radar and SAM sites. When you follow your flight plan in On-route Mode, the designated flight path indicator shows the bearing from the previous to the current waypoint, and in Landing Mode, the runway heading. When the designated flight path needle and the ADF needle are aligned and vertical (pointing up towards the heading index), this means that your aircraft is on track on the correct heading to the next beacon. The two small bars in the center of the instrument are the Glide Slope Deviation (GSD) Bar and the Localizer Deviation (LD) Bar. The GSD Bar measures your vertical deviation from the glide path, the LD Bar - your offset from the runway centerline. They correspond in Western aircraft to the standard Instrument Landing System (ILS). On both the vertical and the horizontal scales each mark represents 2 degrees. In the above figure the aircraft is above and to the left from the glide path. This means that in order to return to the optimal glide slope and centerline the pilot should lower the nose slightly and turn slightly to the right. The angle of drift needle moving along the short scale near the heading index reflects the influence of wind on the aircraft's lateral motion. In the presence of wind, the airspeed of the aircraft relative to the ground, that is, ground speed, differs from true airspeed (TAS) by the "value" of wind speed. Wind blowing from any angle other than that of the aircraft heading or 180˚ reciprocal causes the aircraft to drift from the flight path. The angle between the true airspeed vector and the ground speed vector is known as an angle of drift. This navigation system computes the amount of the aircraft's drift and indicates the degree of heading correction required. So, to fly in the direction of



The two indicators located to the right of the HSI show jet pipe temperature of gases at the turbine exhaust of both AL-31F engines. Each indicator consists of two circular scales, the large scale ranging from 0 up to 1000˚ Celsius and showing the temperature in hundreds of degrees. The small scale renders more precisely the reading taken from the large scale and has the range of 100˚C in tens of degrees. In the figure above the gauges show 300˚C on the large scale, and 70˚C on the small one. Therefore, the temperature value is 370˚C.



Maximum Engine Temperature Indicators Located just below the Jet Pipe Temperature Indicators, the Max Engine Temperature Indicators of the port and starboard engines warn the pilot about critical jet pipe temperatures, resulting from engine failure, fire, compressor failure, missile strike, etc.
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A failure of the power plant leads to a spontaneous increase of gas temperature at the turbine exit and a drop in RPM. This situation is immediately reflected on the RPM Indicator and the Jet Pipe Temperature Indicators. An engine on fire or suffering catastrophic failure will shut down and release a powerful halogen extinguisher automatically. To learn how to fly and land the aircraft with one engine out, turn to Chapter 7, "Warnings and Failures".



Fuel Gauge
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if the aircraft falls within radar coverage, the corresponding light flashes at a frequency characterizing the periodicity of illumination, and the audio alarm beeps. In the event of a "lock on" the flashing light indicating direction changes to permanent. Then the red Lock-On Indicator is illuminated, the aircraft silhouette being highlighted. In the lower part of the TWD are 5 lights indicating the type of radar that has locked onto your aircraft. The Radar Warning System provides for the identification of the following types of radar: 1 - airborne radar; 2 - radar of a long-range SAM system; 3 - radar of a mid-range SAM system; 4 - radar of a short-range SAM system; 5 - early warning radar (airborne or ground-based). How to react to the information displayed on this indicator, turn to Chapter 8, "Understanding SAMs and Countermeasures".



The Fuel Gauge is to the right of the Jet Pipe Temperature Indicators. It indicates total fuel remaining in the tanks. The vertical scale of the instrument is marked in tons in a range from 0 to 9 tons (the scale for the range from 5 to 9 tons is to the right of the main scale). Above the scale is the zero fuel counter. The figures displayed on the counter show the range in kilometers, for the remaining fuel. The distance is calculated with the assumption that the engines will operate at close to the optimum cruise power setting. If distance exceeds 1000 kilometers, the counter reads '999'.



Multi-Function Display In the upper right-hand corner of the Instrument Panel is the Multi-Function Display (MFD). Information displayed on the MFD depends on the current mode of the navigation and weapons systems. Let us consider the main types of MFD screen symbology in navigation and combat modes. Navigation mode



At the top of the Fuel Gauge is the 'NJGKBDJ' light (denotes 'fuel' in Russian, should be pronounced 'top-li-vo'). When this is highlighted, you are on your reserve fuel, and it’s definitely time to return to base as things could be going awfully quiet soon. Don't panic too much as the reserve guarantees successful flight to the nearest diversion airfield in case a landing is impossible on the initial airfield (runway destroyed, poor visibility, etc.).



Threat Warning Display



The small fixed triangle below the center of the MFD is your jet. The MFD displays information in a co-ordinate system bound to your aircraft. Your flight plan is displayed as a polygonal line connecting waypoints displayed as circles with waypoint order numbers inside. The position of each friendly airfield (or airbase) is displayed on the MFD as a solid bar, oriented in the direction of the available runway. In the lower right-hand corner of the cockpit is the Threat Warning Display (TWD ). It depicts information on enemy illumination sources detected by the SPO-15 'Beryoza' Radar Warning System. Such sources can be enemy aircraft, radar of SAM installations, AWACS, and so on. Lights surrounding the aircraft's silhouette show the approximate bearing of the illumination source:



A square frame (the lock frame) encloses the symbol of the current waypoint or airfield. In the above figure waypoint 3 is current. In the lower right-hand corner of the display is the scale information - the number of kilometers along both dimensions on the MFD (in the above figure the MFD displays an area of 64x64 kilometers).
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Besides the navigational information, the MFD shows sources of illumination detected by the Radar Warning System as a radar symbol (lightning).
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Track mode



Beyond-visual-range (BVR) mode



A target, locked on and being tracked, appears on the MFD as a triangle ("foe" ) or as a circle ("friend") with a dash showing the direction of the target’s motion. If your radar or EOS is tracking a friendly target, the friend cue 'C' (for 'Cdjq ' in Russian, which means 'ours') is displayed in the lower left-hand corner of the display. In BVR mode, the MFD shows targeting information taken from your radar and/or an AWACS aircraft. Targets provided by an AWACS station or ground-based Early Warning Radar (EWR) station are displayed as non-filled symbols while those detected by your onboard radar are always solid. Note that if your radar can see a target provided by AWACS the target will be displayed solid. The scale of displayed information is shown by the figure in the lower right-hand corner of the display (here, 128x128 km). The MFD in the above figure shows three aircraft and one radar provided by an AWACS aircraft or EWR station. Besides, one enemy aircraft (the solid triangle) is seen by your onboard radar which has locked onto it (see the lock frame around the aircraft symbol). The small circle is a friendly aircraft ("friend"). The empty triangle is are enemy aircraft ("bandit"). The square represents an unknown aircraft ("bogey"). A dash, emerging from a target symbol, shows the direction of the target’s motion. The radar symbols show the position of radar illumination sources detected by the Radar Warning System. The characters ' 
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