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Figure 3-60. (U) Photograph of the Inlet view of the first stage LPT rotor during engine teardown. 
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endwall suggests the proximity of a dust path from interstage cavities outboard of the 

LPT. 

(U) The aft view of the first stage LPT rotor is shown in the photograph of Figure 

3-61. Dust deposits were also found on this side of the rotor disk. There was a 

discoloration pattern consistent from blade to blade on the suction side of these 

blades. There were three distinct regions of discoloration on each blade. Nearest the 

hub, there was a light orange discoloration and some thinning of the trailing edge. 

Outboard of this region were two others; one near the midspan and another near the 

outer endwall. Both were lighter in color compared to the region near the hub. 

These may be due to the packed dust deposits along the outer endwall at the inlet side 

of this station. The most outboard region has the appearance of the dust rich area 

near the outer endwall mixing and diffusing inboard as the flow expands through 

the LPT. Some grainy dust deposits were found on the suction side of these blades and 

are the result of the heating of the packed dust deposits at the inlet side of this 

station. 

(U) Figure 3-62 presents a photograph of the aft side of the second stage LPT 

vanes. Grainy dust deposits were at this station and were likely the result of packed 

dust deposits swept downstream from the first stage LPT. The discoloration pattern on 

the suction side of each vane resembled that on the suction side of the fIrst stage LPT 

blades. 

(U) The inlet view of the second stage LPT rotor is shown in Figure 3-63. Packed 

dust deposits were abundant along the outer endwall at this station as well as on the 

rotor disk. The presence of the packed dust deposits. along the outer endwall suggest 

that another dust path from the interstage cavity outboard of the LPT into the core 

flow. Dust deposits were also observed on the pressure side of each blade as shown in 

the figure. Similar deposits were found on the suction side of some blades as well. 

Since the second stage of the LPT is at a lower temperature than the first stage, the 

discoloration of the hub at this stage resembles the color of the packed dust deposits 

while that of the first stage is darker. A pattern of discoloration on the suction side 

of each blade was observed. This pattern suggests dust particles from the interstage 

cavity inboard of the hub enter and diffuse radially outward with the dust-laden core 

flow. 
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Figure 3-61. (U) Photograph of the aft view of the first stage LPT rotor during engine teardown. 
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Figure 3·62. (U) Photograph of the aft view of the second' stage LPT stator during engine teardown. 
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Figure 3-63. (U) Photograph of the Inlet view of the second stage LPT rotor during engine teardown. 
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(U) Figure 3-64 shows the housing downstream of the second stage LPT. Grainy 

dust deposits were found on the inner and outer endwalls as well as on support struts. 

The #6 befUing and #6 seal were found to be free of dust. On removal of this housing, 

some dust fell onto the grove for the #6 seal as shown in the figure, but this dust was 

not initially found on the grove. 
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Figure 3·64. (U) Photograph of the housing downstream of the second stage LPT during 
engine teardown. 
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SfCTION 4 

(U) CONCLUSIONS 

_ A Williams International F112-WR-100 engine (E00002) was successfully 

subjected to a dust environment. The engine endured 12 hours, 46 minutes, and 13.5 

kg of dust exposure at full power before surging. The test was terminated after two 

attempts were made to accelerate the engine to full power; both resulting in 

continued surging. 

_ Engine failure was brought on by a combination of material deposition within 

the engine and compressor erosion. Blockage of the nozzle guide vanes was observed 

and was responsible for the difficulties with engine operation. The blockage was 

caused by the deposition of hot material which passed through the combustor. The 

compressor was observed to be in an advanced state of deterioration. The loss of 

compressor material affected an increase in core speed to maintain COP and 

contributed to the engine surging. 

, Degradation of engine operation for this engine was best represented by a 

reduction in fan speed due to the dust environment. The engine control system was 

responsive to the changing condition of the engine and resisted changes in engine 

speed mismatch, COP, and thrust. 

_ A substantial amount of material was found in the combustor, but did not affect 

the operation of the engine. A significant amount of material w~s also found in the 

LPT and did not appear to have encountered the high temperature environment of 

the combustor. 

• The oil lubrication system was found to be contaminated with dust. The 

contamination was confirmed by chemical analysis. Blockage of the oil filter 

resulted in significant reductions in oil pressure during dust exposure. Deterioration 

of the oil lubrication system was a second failure mode to which the engine proved 

susceptible. 

e The operational lifetime of the engine was found to be significantly increased 

when exposed to lower dust concentrations. For eight continuous hours of dust 

exposure at full power, the F112-WR-100 engine endured a concentration of 

114 



. . 

31 mg/ m 3 without failure. A previous engine (EOOOO 1; Baran and Dunn, 1994c) 

withstood a concentration of 124 mg/m3 for only 3 hours and 27 minutes before 

failing. 
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APPENDIX 
(This Appendix Is Unclassified) 

UST OF ABBREVIATIONS 

Co drag coefficient 

CXN: Concentration 

D diameter, dried state 

DIS Dust Injection System 

DNA Defense Nuclear Agency 

B::S environmental control system 

EPA Environmental Protection Agency 

mr exhaust gas temperature 

RD foreign object damage 

HPC high pressure compressor 

HPT high pressure turbine 

HSTS Hot Section Test System 

IGV inlet guide vane (fan inlet variable guide vane) angle 

k time constant 

L length 

LERC Large Engine Research Cell 

L P low pressure 

LPT low pressure turbine 

m mass 

NGV nozzle guide vane 

PD pre-dust exposure run 

PLA power lever angle 

PPH pounds per hour 

RDA 
RPM 

Research and Development Associates 

rotations per minute 

SEM scanning electron microscope 

t 

TIT 

time 

turbine inlet temperature 

A-I 
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Greek Symbols 

A - delta, change 

p - density 

v - kinematic viscosity 

A-2 
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