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Figure 3-52. (U) Photograph of Inside of combustor - aft section. 
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Figure 3-53. (U) Photograph of dust and glassified deposits collected. 
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Figure 3-54. (U) Photograph of glassified deposit detail. 
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Figure 3-55. (U) Photograph of turbine inlet NGV deposits. 
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airfoils. The reduction in flow area at the high pressure turbine was the primary 

cause of the hand starts witnessed at the conclusion of the test program. 

(U) The high pressure turbine rotor stage shown in Figure 3-56 followed the 

vane row shown in Figure 3-55. There were no substantial deposits on the rotor 

blades, but signs of abrasion were evident at many locations on the blades, more 

than likely the result of impact by ingested dust and by aggeomerated material 

flowing downstream through the high pressure turbine rotor. Surprisingly, neither 

stage of the low pressure turbine exhibited similar signs of wear. 

(U) Lastly, on the internal housing of the turbine disk there were additional 

dust deposits caked around the periphery as shown in Figure 3-57. This is the #4 

bearing location and aside from the oil filter, showed the largest dust buildup 

in the lube oil system. 
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Figure 3-56. (U) Photograph of HPT blade erosion. 
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Figure 3-57. (U) Photograph of packed dust in internal housing of HPT disk. 
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SECTION 4 

(U) CONCLUSIONS 

~ The engine survived a total of eight dust exposure runs. It did not 

exhibit any degradation in thrust, core speed, fan speed, compressor discharge 

pressure or exhaust gas temperature until the last run, when all measured parame

ters, except core speed, showed adverse effects to dust exposure . 

.., Three failure modes were observed: (1) contamination of the oil lubrica

tion system, and (2) deposition of material on the turbine inlet nozzle guide 

vanes. (3) burnout of the combustor. Wear of the fan, centrifugal compressor, 

diffuser, and turbine were also evident; however, these had no apparent effect on 

engine performance, and were not considered as a contributor to failure. 

~ The most apparent effect that dust exposure had on engine performance was 

the contamination of the oil lubrication system. Oil supply pressure was progres

sively lost as oil flow was continually restricted by accumulated dust particles 

in the oil filter. This resulted in the gradual loss of oil supply to the bear

ings and gearbox and subsequent bypass of most of the lubrication system by 

increasingly contaminated oil. Occasionally. some bearings exhibited an increase 

in temperature, but the engine was never run beyond manufacturer minimum specifi

cations. During the experiment, periodic oil and filter changes were performed in 

order to extend the usable life of the engine. Had the engine been run without 

continued maintenance, as during a mission, continued contamination of the lubri

cation system may have ultimately resulted in seizure of the bearings and a 

catastrophic failure of the engine. 

~ Results show that the oil lubrication system is more susceptible to Dried 

Blend #2 than to Blend #19 in producing rapid deterioration of oil supply pres

sure. Three times the amount of Blend #19 was required to produce these effects 

than was required for Dried Blend #2 to produce the same effect. Low level 

contamination (dust concentrations <2500 mg/m3) can be tolerated for longer dura

tions than high level contamination (dust concentrations >2500 mg/m3) before 

rapid deterioration of the oil supply pressure occurs. Eight times the accumu

lated dust mass at low contamination levels was required to bring about these 

effects than was required at high contamination levels. 

_ A second failure mode observed in these experiments was deposition of 

material on the turbine inlet nozzle guide vanes. This phenomenon was responsible 
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for terminating the test and rendering the engine inoperable by severely reducing 

the flow of air through the turbine. This failure mode was found at teardown. 

Although borescope inspection of the nozzle guide vanes was not possible, the 

continued operation and ease of starting the engine through most of the experi

ment suggests that Dried Blend #2 was more responsible for the deposition than 

was Blend #19. 

~ Borescope inspection of the engine was confined to the combustor and of 

limited viewing ability due to the compact size of the engine. Deposits within 

the combustor were seen with Blend #19 for the lowest TIT tested (1680 oF). The 

deposition process certainly continues at higher TIT but borescope inspection was 

not able to detect any increase in deposition. Upon inspection at teardown, there 

were many deposits in the combustor. Along with deposition, there was evidence of 

combustor burn through. This is a third failure mode which would affect burner 

pressure, temperature and ultimately impact thrust performance and range. 
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Appendix 
(This Appendix is Unclassified) 

NOMENCLATURE 

Al - Rear housing vibration 

A2 - Triaxial accelerometer 

ACQ, - Acquisition 

ARO - Analog readout device 

CDT 

DIS 

DRO 

ET 

FLT 

FMl 

FP 

INLT 

KRPM 

MP 

NI 

N2 

NOV 

P3 

P3A 

PAMB 

PID 

PO 

POPO 

PS 

PX5 

SGF 

SGR 

T 

TOOl 

TAMS 

TB 

TIC 

TIT 

- Compressor discharge temperature 

- Dust ingestion system 

- Direct readout device 

- Elapsed time 

- Exhaust gas temperature 

- Fuel flow rate 

- Fuel pressure 

- Engine inlet temperature 

- Kilo-rotations per minute 

- Matrix pOint 

- Low pressure compressor speed 

- High pressure compressor speed 

- Nozzle guide vane 

- Compressor discharge pressure 

- Compressor discharge pressure at fuel injection 

- Ambient pressure 

- Engine inlet pressure differential 

- Reference pressure 

- Oil supply pressure 

- Static pressure 

- #5, Bearing seal pressure 

- Strain gage measurement on forward flexure 

- Strain gage measurement on rear flexure 

- Temperature 

- Oil temperature at #4, #5, #6 bearings 

- Ambient temperature 

- Bearing temperature 

- Thermocouple 

- Turbine inlet temperature 
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TO - Reference temperature 

8 - Relative pressure, PIP std 

a - Relative temperature, TIT std 

ENGINE STATIONS (also see Figure 2-6) 

1.3 - Fan discharge - inlet to bypass duct 

1.6 - Bypass duct discharge 

2.1 - Fan discharge - low pressure compressor inlet 

2.2 - Low pressure compressor discharge - high pressure compressor inlet 

3 - Compressor discharge 

6 - Turbine discharge 
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