Draft POH – ENGINE/POWERTRAIN Section

Engine:

The airplane is powered by a water cooled, turbocharged, gasoline fuel injection Wankel engine that is based primarily on the Mazda 13B Rotary engine design and constructed primarily of Mazda 13B rotary engine parts by the original builder. However, Mazda USA Inc. has NOT been contacted for advice, guidance or endorsement regarding the use of this engine in an aviation setting. The engine was overhauled within the limitations and tolerances specified in readily available technical documents specific to the 1992 Mazda RX-7 turbocharged power plant, otherwise known as a 2nd Generation 13B turbo rotary engine.
The theory of operation of this engine involves two triangular shaped rotors, each mounted slightly offset on an eccentric drive shaft (eccentric shaft). Each of the three main surfaces of the triangular rotors serves as a combustion surface, and each surface’s intake, compression and exhaust events occur in an overlapping manner compared to other combustion surfaces (i.e. as one surface is involved with intake, its neighbors are involved with a compression, combustion, or exhaust cycle). This provides for significant overlap of these events, and progressive complimentary torque pulses. 

Major accessories include two belt driven alternators and a water pump on the front of the engine. A direct drive starter is mounted on the rear of the engine and engages the flywheel. A chain driven oil pump is contained within the engine housings. The fuel pump is electric driven and located on the firewall. A vacuum pump and vacuum system are not installed on this airplane and no flight instrumentation relies on vacuum for power.

Engine Controls
Engine power is controlled by a vernier throttle control located on the lower portion of the middle of the instrument panel. The throttle operates in a conventional manner, and is closed when pulled fully out/aft and fully open when advanced forward towards the instrument panel. A friction lock, which is a round knurled disk, is located at the base of the throttle and is operated by rotating the lock clockwise to increase friction or counterclockwise to decrease it. 
The mixture is controlled by two methods. A coarse mixture control is provided for by the Real World Solutions EC-1 Engine controller’s mixture program. Fine mixture control is provided by a linear rheostat knob labeled “mixture” on the EC-1 control panel. Full fine rich is obtained by rotating the mixture knob clockwise. Full fine lean is obtained by rotating the mixture knob counterclockwise. There is no “idle cut-off” setting and to stop fuel flow, the high pressure fuel pump(s) should be switched off.

Engine Instruments

Engine operation is monitored by the Real World Solutions EM-2 Engine monitor. Monitored parameters include RPM, fuel flow, fuel pressure, manifold pressure, manifold air temperature, coolant temperature, coolant pressure, oil temperature, oil pressure, exhaust gas temperatures for each rotor and Turbine Inlet Temperature.

Additional information to follow.

Air Induction System

The engine air induction system receives intake air through the right dorsal NACA scoop located at the rear bulkhead along the top of the fuselage. Once traveling along a separate intake duct, the air is filtered to remove dust and foreign matter from the induction air. Airflow passing through the filter enters further ducting leading to the turbocharger, where it is compressed to above ambient pressure, with an absolute limit of 45”/22 PSI. At this point the intake air passes through an intercooler, through the throttle body assembly and into an intake plenum. Air travels down individual intake runners to one of 4 intake ports associated with the rotary engine’s side/end housings. Fuel is injected by an electronic controlled fuel injection system into the distal intake runners prior to entry into the engine. The two primary ports located on the middle housing are modified by the original builder to improve airflow into the engine, increasing the efficiency and power of the engine.
A blow-off valve is installed between the turbocharger’s compressor section and the intercooler to protect the engine against intake system pressure surges caused by abrupt throttle operation.

Exhaust System

Exhaust gas from each rotor passes through exhaust ports through the aluminum rotor housings. These housings were modified to permit easier exhausting of gas in order to improve efficiency and power of the engine. Exhaust gases are collected into an HKS racing exhaust header that terminates in a T04 flange, and mates to a modified “stock” turbocharger with an integral internal wastegate. Beyond the turbocharger’s turbine section, exhaust gases pass aft along a tailpipe and exit into the slipstream within the diameter of the propeller disk.
A stock turbocharger has been modified extensively to have characteristics similar to the T04 V1 trim style turbochargers. This device allows the engine to maintain sea level power up to XXXXX feet, and develop more power than would be obtainable than if normally aspirated. For engine longevity, maximum operating boost should be limited to 45 In-Hg or 22 PSI MAP
Ignition – Starter System

Engine ignition is provided by an Real World Solutions EC-1 electronic ignition module that drives a bank of four Delco LS-1 ignition coils arrayed as two pairs of coils (Leading and Trailing). These coils provide energy to spark plug wires and terminate into pairs of spark plugs installed in “leading” and “trailing” positions on the rotor housing. Dual spark plug ignition is provided and supported as a factory design feature. While this does offer some form of redundancy,, power production will be suboptimal and full rated power will not be obtainable when operating without all coils/plugs firing. Normal operation is conducted with both pairs of coils due to the more complete burning of the fuel-air mixture with dual ignition. Operation with only one set of coils is for checking redundancy during engine run-up and emergency use only.
Ignition is controlled using the switch panel installed with the Real World Solutions EC-1 engine controller, and individual switches are also provided to power leading and trailing coils independently of each other. The EC-1 controller has a primary operating program contained under selection “A” and a backup operating program contained under selection “B”. Fine mixture control is provided by a linear rheostat switch labeled “mixture”.

Starting is provided for by a Mazda automotive starter, and is operated by a panel mounted pushbutton switch. When depressed, the starter contactor is energized and the starter will crank the engine. When the switch is released, the starter will be de-energized.
Engine Oil System

Oil for engine crankcase lubrication is provided by a sump installed on the bottome of the engine. Capacity is XX quarts. Oil is drawn from the sump through a strainer and pickup tube to a positive displacement oil pump. From the pump it is routed through a high pressure bypass valve that diverts at approximately 160 PSI. Oil then proceeds via tubing to the nose mounted oil cooler, then to the aft mounted oil cooler which is a Mazda automotive auxiliary oil cooler. Oil returns to the engine block where it encounters a lower pressure bypass valve that diverts at approximately 80 PSI. Oil then is filtered by an automotive oil filter and is distributed to the eccentric shaft, bearings and hollow rotors. Engine oil from this circuit is also provided to the Propeller Speed Reduction Unit (PSRU) to lubricate the reduction drive gears.

Lubrication of the rotor apex (in factory Mazda installations) is normally accomplished by injection of crankcase oil into the intake air stream as well as into the intake portion of the “trochoid” rotor housing. This method results in combustion and consumption of the crankcase oil and ash formation that has been theorized by aftermarket users to be a primary source of premature compression loss and parts wear. High performance aftermarket and aviation users have disabled this factory feature in favor of one of two alternatives: mixing premium “2-cycle” oil into the fuel tank in a 1:100 ratio or using the stock oil injection system with a separate reservoir of clean burning “2-cycle oil”. 
This aircraft uses a separate reservoir of “2-cycle” premium clean burning oil to provide lubrication to the apices of the rotors and the trochoid housing surface. The oil injection pump is a Mazda electric-controlled oil injection pump that has been simplified/modified to provide continuous injection oil flow appropriate to high power operation. At lower power settings the amount of injection oil is excessive but not harmful. The 2-cycle oil is injected through an otherwise stock-appearing oil injection system where some of it is scavenged by the oil rings of the rotors and is returned to the engine’s crankcase sump. As a result, measured engine oil levels may INCREASE gradually as use progresses between routine oil changes. 

If for any reason the oil injection system becomes disabled or unuseable, 2-cycle oil can be added directly to the fuel in a 120:1 fuel:oil mixture. This is approximately 1 fluid ounce per gallon, or 1 quart per full 30 gallon wing tank.
Propeller Speed Reduction Unit

 Normal engine operating parameters include engine RPM’s approaching 7000 rpm. To reduce this to a more efficient propeller RPM, a Propeller Speed Reduction Unit (PSRU or “redrive”) is utilized. In this aircraft, the PSRU used is the Real World Aviation model  RD1-B with a 2.17:1 gear ratio.

TO BE CONTINUED

