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ABSTRACT:  The investigators interest in this subject was precipitated by a mishap suffered by a certain Yak-52 equipped with this model engine. This mishap caused the destruction of the aircraft and injuries to the two occupants.  

The preliminary NTSB report NYC02FA138 states the following: 

1: “About 150 feet above the ground, the passenger heard a "bang." The airplane then continued to bank left, and the angle of bank increased. The airplane then spun to the right, and impacted a wooded area.”

Later on, the following information is provided: 

2: “the number nine cylinder front spark plug was found ejected from the cylinder. The other sparkplugs had remained in their respective cylinders. Additionally, three other sparkplugs were found to be "loose." The inspector also noted a burn "torching" spot on the underside of the engine cowling, in the vicinity of the number nine cylinder.” 

WORKING HYPOTHESIS: The subject aircraft is hypothesized to have performed a precautionary return to the airport due to an unscheduled mechanical event precipitating the pilots’ decision to return to the airport from which he had previously departed. While maneuvering the aircraft for the subsequent landing, it is hypothesized that control of the aircraft was lost, resulting in departure from controlled flight and subsequent impact with the ground. The investigators main interest is in determining the potential thrust output of the engine, should that precipitating event have been the ejection of one spark plug from it’s respective cylinder in order to determine if the hypothesized mechanical event might have resulted in inadequate thrust to continue the flight to a safe altitude, or if the engine thrust output would have been sufficient to have continued to a safe altitude prior to a return to the airport. 

AUTHORITY TO CONDUCT THE INVESTIGATION: This investigation was performed as a matter of professional curiosity by the investigators. This investigation was not conducted by request of either the NTSB or the FAA. However, on August 12, 2002, Mr. Robert Gretzt of the NTSB was contacted and invited to attend the experiment described, and he declined to participate citing a personal schedule conflict. On that same date an attempt to contact Mr. Jerry Bierne from the Teterboro Flight Standards District Office of the FAA was made. Although a message was left at his office in the early morning of that day, no response was made to the offer. 

INVESTIGATORS:  The investigators are both experienced Yak-52 pilots and at the time of this writing are both Yak owners. The FAA and NTSB contacted both investigators regarding their knowledge of the Yak-52 airframe and the Vendeneyev M-14P engine in general, as well as the specific aircraft involved in the mishap. Both investigators were intimately familiar with the particular aircraft, Mr. Sutton being the former owner and Mr. Fraser having been present while the mishap aircraft was inspected in a hangar adjacent to the hangar in which his own aircraft was being inspected and having rendered assistance to the owner of the subject aircraft during that inspection. Mr. Sutton is a licensed Airframe and Powerplant mechanic, with Mr. Fraser having over 9 years of experience an Aircraft Engineering Officer during his service with the Royal Air Force. 

METHODOLOGY OF TEST: An aircraft identical in every mechanical respect to the mishap aircraft was tethered to a solid anchor using high tensile strength nylon webbing. Interposed between the aircraft restraint slings and the anchor point, a digital load cell was placed in such a way as the pulling strength (equal to actual static thrust) of the engine installation could be measured under various conditions. First, a baseline thrust output was measured with the engine running in a normal condition. Then, first one and then a second cylinder were disabled by complete removal of one spark plug from each cylinder with thrust measurements being taken under each new condition. The results were tabulated and are a part of this report. A photograph of the test aircraft as tethered is attached as Photo #1. Additionally, a photograph of the engine with (2) cylinders disabled is attached as Photo #4. 

EQUIPMENT USED: The subject aircraft is a Yak-52 identical in every mechanical respect to the mishap aircraft. Mr. Fraser provided this aircraft, which is his own. Aircraft recovery slings were used to tether the aircraft, these being provided by Mr. Sutton. A digital load scale manufactured by CHANTILLION, model CENTURION, Serial Number 01925 was used to measure thrust output. This load scale is a digital 0-20,000 pound scale designed to measure the weight of loads suspended under a crane, or for measurement of static or dynamic loads on a horizontal plane. Resolution of the scale is 10 pounds. This scale was provided as a courtesy by Mr. Sean Diamond of the Otis Elevator Company, who was present at the investigation site and who supervised its use. The scale was not found to have a current inspection for accuracy traceable to the National Standard, however it was determined that due to this investigation being of a comparative rather than an absolute nature, that the lack of such recent calibration and testing was not essential to the experiment. A photograph of the scale is attached as Photo #2 showing the method of restraint and Phone #3 showing the details of the scale. 

TEST PROCEDURE: its pilot occupied the aircraft, with two persons on the ground to provide safety oversight and to collect data. The engine was run in each of (3) conditions and after obtaining stabilized performance output from the engine the data point was collected and recorded. 

RESULTS:

CONDITION 1:  A baseline thrust output measurement was conducted using the selected method with the engine running in its normal condition. The results are as follows:

Manifold Pressure, MM/HG: 
85

RPM, %:


100

Measured thrust, pounds:
1230

Observations: This placed well in respect to the expected thrust based on empirical evidence as gathered by the investigators over the years, and gave a confidence level in the nature of the methodology of the experiment. 

CONDITION 2:  Thrust was measured by removal of the front spark plug from cylinder #8 and then re-measuring the thrust output. The number 8 cylinder was selected as it is situated within the engine installation so that any flame emanating from the open spark plug port would not cause any damage to the engine. The investigators considered if there would be any difference in the results when disabling #8 as opposed to the #9 position as was present in the mishap aircraft, and determined that there were no special factors that would make one cylinder more critical than any other. Thus it was decided to take the prudent course of action and not subject the test aircraft to a potentially damaging situation for the purpose of the experiment. The results are as follows: 

Manifold Pressure, MM/HG: 
85

RPM, %:


94

Measured thrust, pounds:
1070

Observations: The engine started and ran normally. Some roughness was present below 80% RPM, but at higher power settings no or at most very minimal adverse vibration and roughness was present. A small flame was observed from the open spark plug port, but the expected large flame was not seen. The power output of the engine surprised the investigators, and it was clear that the engine performance, although degraded, was not affected to the extent expected. 

CONDITION 3: Based on the power output of the engine in Condition 2, it was decided by the investigators to continue to degrade the engine output by removing yet another spark plug from the powerplant. The Number 6 cylinder position was selected, and its front spark plug was removed. In this condition, only (7) of the engines (9) cylinder would be producing any power. The results are as follows: 

Manifold Pressure, MM/HG: 
84

RPM, %:


88

Measured thrust, pounds:
900

Observations: The engine, very surprisingly, started normally with only a trace of roughness when accelerating. Below 80% RPM moderate roughness was noted, yet above that RPM setting the engine appeared to run nearly normally. Once again, small flames were noted from the open spark plug positions, estimated at no more than 1 inch and of orange color. The investigators were again surprised by the apparently vigorous power provided by the engine in this condition, and the measured results confirmed the empirical observations of the test team. 

CONCLUSIONS: The M-14P radial engine is well known for its robust construction and ability to suffer performance degradation due to mechanical malfunctions while still maintaining sufficient power to continue a flight to a safe point of termination. It is well known within the Yak-52 community that there have been numerous cases of the Russian spark plugs failing catastrophically in flight with the center core of the spark plug being ejected, while in each case the aircraft could be returned safely to a point of landing. The results of this particular test confirms these previously observed cases, that the engine continues to produce a useful amount of power with one cylinder of the engine completely disabled. What was surprising to the investigators is that fact that the engine also produces a useful amount of power with two cylinders disabled. It is hoped that this information provides useful to the investigation into the mishap that befell Yak-52 N69GC, as well to the general community of users of this model aircraft engine. 

Respectfully submitted,

David Sutton           Angus Fraser

Attachments: Graphical Results, Photo #1, Photo #2, Photo #3, and Photo #4

GRAPHICAL RESULTS:

 

Manifold Pressure Results MM/HG
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Note that the first regression represents predicted results with (3) cylinders disabled. Of particular note is the linear relationship of the data points under the (3) tested conditions. 

Test was conducted on August 3, 2002. Environmental conditions:  Temperature 95 degrees F, Pressure Altitude 10 feet, Humidity 85%. 
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Photograph #1, showing the test aircraft tethered with load measurement

Scale interposed between the anchor point and the aircraft. 
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Photograph #2 showing the Chantillion Centurion load measurement scale attached to

the anchor points. Orientation during the test was horizontal, in this photo the scale has been placed vertically to show the method of attachment. 
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Photo #3 showing the detail of the Chantillion Centurion digital scale provided as a courtesy by the Otis Elevator Company. 
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Photograph #4 showing the test aircraft with it’s cowling removed and two cylinders disabled by removal of the front spark plug. The ignition leads of the disabled

cylinders were tied back and secured with stainless steel safety wire to preclude them from discharging an arc to the airframe during the test. 

