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Engine erosion in environments such as those that may be encountered by helicopters during hover, nap
of-the-earth night, dust storms and generally dusty atmospheres can have significant effects on engine 
perfonnance and life, resulting from the degr.ldation of the first stage compressor, Ingestion of dust into 
a turbine engine may be limited by means of dust filters fitted to the engine intakes, Efficient filtration 
of the dust results in a sparse dust concentrntion entering the engine which is comprised essentially of 
particles which have a diameter of less than 100 J.Lm and indicated negligible particle-on-particle 
interactions. The dependence of engine performance on the erosion of the first stage compressor by 
sparse dust concentr.ltions may be extended to enable the life of an engine to be predicted for a typical 
flight in a specific dust environment, The methodology for predicting engine life is presented, 
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Notation 

Erosion [g) or [cm3
) 

Erosion rate [gig] or [cm3/g] 
Specific erosion [kg J.Lm] 
Erosion rate if no collisions occur 
Function describing the fractional 
particle size distribution of the dust 
Function describing m, for ¢, 
Constant dependent on engine and 
credent properties 
Mass of ingested particles [kg] 
Dust mass fed to the filtration system 
[kg] 
Dust mass in each particle size band 
i [kg] 
Dust mass ingested by the engine [kg] 
~ M;/ M 
Dust mass scavenged by the filtration 
system [kg] 
Compressor pressure ratio 
Volumetric air flow rate of the engine 
in each flight regime i [m3/s] 
Scavenge ratio 
Time fraction of the specific flight 
regime i (ic. 0.1 for 10%) 
Total time required to attain the 
given level of power deterioration [s] 
Total time required to stabilise the 
erosion process due to initial blade 
polishing taking place [s] 
Impact velocity [m/s] 
Pcn:cnUtge engine power los.'\ l%] 
Rate of engine power loss [%/kg) 
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Exponent between 2.0 and 2.3 
Erosion based filtration efficiency 
parameter 
Mass based filtration efficiency 
Ambient dust concentration in the 
flight regime i [kg/m3

] 

Particle size [ J.Lm] 
Effective particle size [J.Lm] 
Minimum ingested particle sizes [J.Lm] 
Maximum ingested particle sizes [J.Lm] 
Minimum unfiltered ingested particle 
sizes of the dust distribution [J.Lm] 
Maximum unfiltered ingested particle 
sizes of the dust distribution [J.Lm] 
Effective particle size of the dust 
distribution [J.Lm] 
Effective particle size (of the through 
flow stream of the filter) of the 
representing dust type in that flight 
regime i [ J.Lm] 



1 Introduction 

Dusty environments may be encountered by helicopters in dry conDitions. Dust ingested by turbines can 
give rise to t!rosion of its components especially the first stage compressor blades which will result in a loss 
of performance, reduced mcan-tim<.>hctwccn engine overhauls, and an increase in logistic support and the 
associated 1..osts. In ~xtrcmc cases engine lives may be reduced to less tlwn 50 hours which severely 
restricts the availability of the helicopter. 

Dust may, to a large extent, be prevented from being ingested into an engine by means of dust filters 
which remove most of the larger diameter fractions of the dust from the air drawn into the engine. It was 
dramatically demonstrated Juring the Gulf War in 1991 that several of these intakes offered inaJcyuatc 
erosion protection. While a predictive capability may be essential under certain operating conditions, it 
appears that published research carried out to date on the relationships between the performance of 
filtered intakes and the resulting erosion of helicopter turbine engines is virtually non-existent and that 
only the opera lion of filters arc mostly described in the litenllureti.2.J.<j,CJi_ This may be partly attributed 
to the high cost of carrying out tests on turbine engines or on their compressors. Although Duffy et al1' 1 

reports on erosion tests on the '!700 engine fitted with an integral particle separator, no analytical 
relationships between engine erosion and the credent is discussed. 

An experimental program was carried out by Vander Walt1'1 to analyze the relationships between filtration 
efficiency, bgcsted particle properties, environmental properties and engine erosion. lbese relationships 
arc then adapted to enable the prediction of engine life. 

2 Mass Based Filtration Efficiency 

Tnc mass based filtration efficiency for a scavenged filter system<'! may be defined as 

= _1 [M, _ s] 
1 - S M1 . 

(1) 

3 Engine Erosion Analysis and Experimental Results 

The erosion of metal test pieces by the impingement of different solid particles is a well covered subject, 
although all the mechanisms of erosion arc not yet fully understood. It is therefore surprising to find that 
only limited information on the specific erosion environment in which helicopter engines operate exists 
in the open literature. Erosion rate, based on mass or volume, can be expressed in terms of a unit mass 
of ingested particles: 

E 
M 
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3.1 Relationship Between Engine 
Erosion, Power Deterioration 
and Filtration Efficiency 

The most important parameters influencing 
engine erosion were obtained after a 
literature survey and arc categorised in 
Table l. It has been shown during an 
extensive research programmeC 11

) that for 
sparse dust concentrations in which 
particle-on-particle interactions arc 
negligible, the erosion of the first stage 
compressor is given by: 

E = kM<I> v• or 

E, = k<l> v· 
(3) 

and since the power degradation has been 
found<'J to be proportional to the erosion 
of the first stage compressor, the power 
degradation is given by 

b..W = kM¢V" or 
(4) 

which apply to an erodcnt comprised of 

PARAMETERS INFLUENCING SOLID 
PARTICLE EROSION 

Material Properties 
• Material Composition (Goodwin<'J, Tilljl 01

) 

• Materiall!ardncss and Ductility (Levy ct al< 111
) 

Erodent Properties 
• Particle Size (Misra and FinnicC' 2l, Shcwmon< 13 l) 

• Mass of Ingested Particles (l!utchings11 '') 

• Particle Hardness (Levy ct aJ1 11l) 
• Particle Shape (Kragelsky ct aJI15l) 
• Particle Fragmentation (Anand ct aJI16l) 
• Quartz Content of Erodent (Tillf10l) 

Environmental Properties 
• Particle Impact Velocity (Goodwin1'l, Tillf"l) 
• Particle Concentration (Flux) (Anand ct aJl"l) 
• Particle Impact Angle (Tillf 10l) 
• Particle Slip Velocity (Meyers< 1'l) 
• Temperature (Shewmon<llJ) 
• Humidity (Filmcr(J'l,Klcis<19l) 

Table 1 
Erosion 

Parameters Influencing Solid Particle 

particles with a constant effective diameter. For the case of an erodent dust which is comprised of 
particles of various diameters, which arc typical of those encountered during helicopter operations, it may 
be shown<'J that the power reduction may be given by 

b. W = kM ¢ V" 1 1 + kM2 ¢ 2 V" + ... + kM ¢ V" 
n n 

.. ~ 
= kV" I: M1 ¢ 1 

i <0 q,D>.itl 

= kV"M¢ and thus elf 

w, = kV"¢ elf 

which in terms of the mass fraction distribution may be written 

~~ 

b.. W = kV" M;ngesud L ml ¢; 
i. 4>rrm. 

= kV" M. J<~>- /(¢)¢ d¢ 
mgesttd <1> .... 
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Combination of cq1wtions (I) anJ (5) gives 

(7) 

Equation 7 may be used to show that the ratio of power deterioration or erosion rate for the filtered ant! 
unfiltered ingested air is given by 

(8) 

(1-'11,.,) r~ /(¢) ¢ d¢ 
<!>,. 

'This relationship provides a direct measure of the ratio of the rates of engine power deterioration for the 
unfiltered and filtered ingested air. Consequently, equation 8 may be used to assess the improvement in 
engine life that may be obtained for a given filtration system. 

3.2 Experimental Test Results from an Actual Engine 

For the real engine experimental program, an 
overhauled Turmo !VB Puma helicopter engine 
was installed in an engine erosion test facility. In 
the first test, the filtered engine intake was 
removed and SAE coarse test dust was fed directly 
into the engine. The engine power was monitored 
regularly as a function of the mass of dust fed. 
The test was repeated on the same engine with 
the filtered air intake in place. Tbe filtered air 
intake was fitted with vortex tubes and had a 
confirmed mass based filtration efficiency of 95%. 
Due to the extremely high cost of engine overhaul, 
the filtered air intake was not tested with other 
vortex tube types or dust grades. Results from 
these tests, expressed in terms of the dust mass 
ingested by the engine is shown in figure 2 instead 
of the dust mass fed from the dust feeder (figure 
1). 

One of the striking observations that can be made 
from figure 1 is the well known initial pcwer 
increase due to dust polishing the blade surface. 

ENGINE POWER DETERIORATION 
(SAE COARSE TEST DUST USED) 

,'---~--~--~-~--~-~5.2 

0 w ~ • • - -
O\.J3t Ma.ss Fed [kg] 

TURWO IV. ENGIME 

Figure 1 Tunno !VB Engine Power and Pressure 
Ratio Deterior•tion lbtes as Functions of Dust Mass 
Fed (With and Without a 95% Efficient Filtration 
System) 

During this phase the erosion rate is a function of the ingested dust mass and will be referred to as the 
unsteady phase. It is not intended to include the initial unsteady incubation phase in the analysis as it is 
influenced by numerous factors other than filtration performance related properties, and is a study on its 
own. Since the differences in the unsteady phases shown in figure 1 should mainly be due to differences 
in erosion, it will be assumed for this analysis that the length of the unsteady phase (mass of dust required 
to stabilise the erosion process) will also be governed by equation 7. This implies that sufficiently accurate 
engine life comparisons, as given by equation 8, can be drawn by investigating only the phases where the 
erosion rates are independent of the ingested dust mass (referred to as the steady phase), and thus it is 
an unnt..'Ccssary complication to analyze them during the unsteady phase. When the stecuiy phase is 
reached, n ncar~lincar relationship between engine power and ingested dust mass exists. In this condition, 
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it is assumed that ail variables not related to 
filtration performance remain constant as 
discussed in the previous paragraphs. 'I11is 
enables the analysis of filtration performance to 
be carried out independently of other factors. 

The deterioration of the engine compressor 
pressure ratio 1',!1', as a function of dust mass fed 
(filtration system active) is shown in figure I for 
the steady region, using the right hand ordinate. 
Linear regressions on the steady portions of the 
two power deterioration curves as well as the 
pressure ratio deterioration curve arc shown in 
figure 2. Within the first 5% to 10% power loss, 
which is the area of interest, a linear relationship 
seems to exist for all three relationships. For the 
test case with no filtration system fitted, a least 
squares correlation coefficient of 0.967828 was 
obtained, and for the test where the 95% efficient 
filtration system was fitted, a correlation 
coefficient of 0.989399 resulted for the engine 
power deterioration and a correlation coefficient 
of 0.992094 for the pressure ratio deterioration. 
These linear relationships hold up to 10% power 
deterioration which is normally the range of useful 
engine life. 

The second observation that can be made from 
figures 1 and 2 is the near-linearity of the pressure 
ratio deterioration with the dust mass fed to the 
filtration system. This result supports the 
observation made earlierl'l that gas turbine 
compressor performance and erosion are linearly 
related for the experiments conducted, and that 
the erosion correlation given in equation 3 can be 
readily applied to provide measures of power 
deterioration as given in equation 7. A third 
observation from figure 2 is the difference 
between the slopes of the two power deterioration 
graphs. Since the slope of these graphs do in fact 

ENGINE STEADY STATE POWER DETERIORATION 
{FILTRATION SYSTEM EFFECT ACCOUNTED) 

.. L---~--~--~----~----'•-' 
0 ' . ' Dv•1 Ma.u lnQasted [k(!J 

Figure 2 Tunno IVB Engine Steady State Power and 
Pressure Ratio Deterioration Rates vs Dust i\1ass 
Ingested [With and Without a 95% Efficient 
Filtration System) 

SAE COARSE & DONALDSON THROUGHFLOW 
PARTICLE SIZE DISTRIBUTION 

Percentage by Mass In Band {%] 

::1 /\ 1"'- ~"~"' r X \n ~ Oooh~o<-

::1 \ /\ 
,,f ~~8 ~ 

: _ ee""e" ~'*'-< • _ \ 
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Figure 3 SAE Coarse and Donaldson Through Flow 
(SAE Coarse Dust Ingested) Particle Size 
Distribution Expressed as Mass Fractions 

represent the steady state rate of engine power deterioration, they were tested against the newly proposed 
engine erosion correlation. 

These slopes will be used to verify the engine erosion correlations previously derived. Particle size 
analysis, using a Sedigraph, was performed on a sample of Standard SAE Coarse test dust and the dust 
that remained in the main airstream after filtration of SAE Coarse dust by a vortex tube. Figure 3 shows 
the particle size distributions expressed as mass fractions. Application of the method of analysis given by 
equation 5 allows the effective particle sizes to be calculated for both dust types. Since the engine power 
loss is known for both cases, the constant k can be calculated. 11tis constant is dependent on the engine 
characteristics as well as dust properties. Application of equation 6 rather than equation 5 results in a 
simplified analysis since the function representing the mass fraction of the particle size distribution can 
he integrated directly, and therefore no calculation of actual masses for each particle size hand is needed. 

The effective particle sizes <P.ff- for unfiltered SAE Coarse and the through flow stream of the Donaldson 
vortex tube were found to he 38.737 and 4.93 fllll respectively, the ratio of which agrees well with the ratio 
of the slopes in figure 2. Since the effective particle sizes as well as the mass based filtration efficienc-y 
is known, the erosion reduction factor 'rJ~ .. I$•0<1 for the Donaldson vortex tuhc can he calculated by 
application of equation 8. Unfiltered SAE Coarse test dust is used as the reference base: 
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38.74 = 157 (9) 
(1-0.95)4.93 

This result provides a direct measure of the erosion reduction (and thus life improvement) brought about 
by the vortex tube. When fitted with the vortex tube filtration system, the engine will last 157 times longer 
than if no filtration was applied and the engine ingested unfiltered SAE Coarse. The experimental crm;ion 
rates given by the slopes in figure 2 agree well with the calculated erosion rates using the effective particle 
sizes. Since the same engine was used for OOth tests, the same engine erosion const<1nt should emerge. 
'Ibis condition was satisfied when effective particle sizes were used (cp(ff::::: 38.737 for SAE Coarse dust and 
¢,q = 4.93 for filtered SAE Coarse dust) and could not be satisfied when mass mean particle sizes were 
used(¢_,_" = 30 for SAE Coarse and¢_,_" = 1.21 for filtered SAE Coarse dust). Ilcncc, it is 
concluded that equations 7 and 8 are sufficient to predict the erosion process of filtered helicopter engines 
accurately. 

4 Assessment of Replacement Critical Filtration Efficiency Limits 

The replacement critical filtration efficiency limit (FEL) is defined as the erosion reduction factor ( 7),='"") 
required to ensure engine life equal to that of the prescribed Mean-Time-Between-Replacement (M113R) 
of the engine component most affected by dust wear. Factors that will influence this parameter are the 
environmental dust composition, environmental dust concentrations, a description of the typical Oight 
envelope of the particular helicopter and the operating mode (single or dual mode) of the intake. 

To quantify the FEL the filtration system performance must be obtained and the intended flight envelope 
must be characterised such that a realistic representation is portrayed. The characterising of the flight 
envelope depends on the mission of the helicopter as well as the local environmental variables and can 
vary considerably for different helicopters and locations. 

4.1 Evaluation of Local Environmental 
Dust Compositions 

It is evident from the conclusions of local 
researchers (Albertyn and HeinichenC"'l) as well 
as from the research by Duffy'' I that the particle 
size distributions of dust encountered in most 
typical helicopter flight envelopes are embraced by 
the particle size distributions of SAE Coarse and 
MIL-E-5007E test dusts. Results from the tests by 
Albertyn and Heinichen<"'1 are presented in figure 
4. 

Ambient dust particle composttton was often 
found to approximate that of MIL-E-5007E during 
hover flight where larger particle sizes were stirred 
up by the rotor downwash. Finer dust 
compositions were measured at higher altitudes 
with a closer resemblance to the particle size 

" 

ENVIRONMENTAL DUST PARTICLE SIZE 
DISTRIBUTION FOR SOUTH AFRICA 

""' Parti-cle Size {Mlcronal 
1000 

Figure 4 Particle Size Distributions of South 
African Ambient Dust for Various Flight Altitudes 
(Log Scale on Abscissa) 

distribution of SAE Coarse. Subsequently, it was decided to divide the flight envelope into two regions 
where the environmental dust during hover flight is simulated with MIL-E-5007E dust and the remainder 
of the flight envelope with SAE Coarse test dust. Variations in the dust concentrations at the different 
flight altitudes were also considered. 
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4.2 Evaluation of Local Environmental Dust Concentrations 

From the studies by De Reus'"' and Miihlmann and Chertkow'"' it seems that the typical flight envelope 
of an Acrospatialc SA330 Puma helicopter in the Southern African region can be approximated by four 
different dust concentrations. For hover flight a dust concentration of 50 mg!m' was suggested. This 
concentration was reduced to 15 mg!m' for Nap-of-Earth (NOE) flight (below 30m altitude), 6 mg!m' for 
flight between 30m and 300m and 2 mg!m' for flights higher that 300m. 

4.3 Flight Envelope Description 

A typical ferry mission for a SA330 Puma helicopter is shown in table 5.6 (refer to Miihlmann and 
Chcrtkow'"'). 

When the hcliooptcr is fitted with a dual mode filtered intake, the pilot can select the on/off status of the 
filtration system by opening or closing the intake bullet, allowing the air to bypass the filtration system or 
to force it to flow through the filtration system. On the Puma helicopter the filtration system is activated 
automatically when the landing gear is lowered. This means that except for takeoff, hover, landing and 
NOE flights (for- the ferry operation), the filtration system will be bypassed. 

Flight Regime %or Flying Dust Dual Mode 
Time (Ferry Concentration Filtration 
Operation) [mglm'] Operation 

Take-off, Hover 5 50 Active 
and Landing 

NOE 20 15 Active 

30m to 300m 25 6 Bypassed 

300m and above 50 2 Bypassed 

Table 2 Characterising or a Typical Puma Ferry Oper.•tion Flight Envelope in the Southern African 
Region 

4.4 Engine Life Prediction and Calculation of the Replacement Critical Filtration 
Efficiency Limit 

Since the FEL depends on the M'D3R of the first stage compressor blades of the Turmo !VB engine for 
this analysis, the calculated engine Mean-Time-Between-Overhauls (MTBO) which includes the effect of 
engine erosion must be equal to the oomprcssor stage M113R supplied by the manufacturer. The M113R 
has historically been expressed in terms of engine operating hours, however, some engine manufacturers 
now recommend a cycle limit. For the Turmo !VB engine a limit of 5000 hours has been used, whereas 
a limit of 13000 cycles for similar engines is now being set. In practice, engines arc overhauled after a 
power deterioration of approximately 5% to 10%. A limit of 5% is used for analysis purposes. 

The number of cycles per mission is calculated by taking account of significant power variations that might 
occur between engine start and stop. ·n,ese power variations, called partial cycles, are then added together 
and added to the complete cycle (I for one mission flown). From this information the MTBR limit in 
hours can be calculated and used as the FEL. For this analysis however, it is irrelevant how this value is 
obtained and the MTBR will be assumed to be 5000 hours. 
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Therefore, the .~peciflc erosion and power deterioration resulting after the 50(X) hours arc calculated. Using 
the Turmo !VB engine fitted with a Donaldson vortex tube filtration :;ystem (7/.~ .. : 0.95 and ,7.,.,,, = 157 
based on S/\E Coarse Just) with an average airOow rate of 5 m3/s, the total jpecific erosion resulting from 
the usc of the vortex tube, which is JcrivcJ from equation 5 and defined in equation 10, can he cakulakJ 
and the power deterioration can be obtained and compared with the M'l130 limit of 5%. 

t.W 

kV" 

The specific erosion for the chosen filtration system is ca\culatcJ in table 3. It is assumed that the 
unsleady phnse extends the engine life by initially increasing the engine power somewhat and then 
returning it to 100%. Possible errors resulting from this assumption should be relatively small, as the 
entire u11steady phase was shown to be approximately 10% of the total erosion process when S/\E. Coarse 
test Just was ingested (figure 5.22). 

Flight Hours Dust Dust 1\fass Equivalent Effective Specific 
Regime of flight Concentration Entering Dust Type Particle Erosion 

i [Hrs] [rng!m'] Engine M Size <f>.r "EM,¢ j qJ" 

[kg] [f.Ltn] [kg flnl] 

Hover 250 50 11.25 MIL-E 7 78.8 
NOE 1000 15 13.5 SAE 4.93 66.6 
30m 1250 6 6.75 SAE 4.93 33.3 
300m 2500 2 4.5 SAE 4.93 22.2 

I:: 5000 - 36 - - 200.8 

Table 3 Specific Erosion Calculation for a Tunno !VB Engine Fitted with a Single Mode Intake 
Equipped with Donaldson Vortex Tubes [or the Characterised Flight Envelope 

The resulting loss in engine power can be calculated by subtracting the unsteady phase relative erosion from 
the steady phase relative erosion and then multiplying the result by the engine erosion factor kV • 
(experimentally determined to be -0.145 for the Turmo engine using equation 5. The power deterioration 
for this case is calculated to be 

= (200.8 - 4 X 38.737) 0.145 

= 6.64% 

(11) 

which is 1.64% more than the MTI30 limit of 5%. It is more convenient to simply calculate the M1l30 
resulting from each filtration system to enable comparison. The M'll30 resulting from the Donaldson 
vortex tube (lower than 5000 hours) can be calculated by subtracting the unsteady phase specific erosion 
from the right hand term in equation 10. Reorganising the middle and right hand terms and 1\Titing the 
ingested dust mass in terms of air volume flow rates, time fractions, dust concentrations and mass based 
filtration efficiencies, results in an equation giving the 1\1'1130 for the evaluated filtration system. 
'lllC numerator in equation 12 would be the total specific erosion required to attain the given level of 
power deterioration (5% in this case). 'Ibe denominator represents the specific erosion per unit time T 
due to the usc of the vortex tube. lienee, the M'lllO resulting from the Donaldson vortex tube can be 
calculated from equation 12. 
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E s rtquirul = 

t.W 
--- + (M-'- ) 
k V" 'I' 4/ unsuady 

Es tub< IT (5.12) 

where <)>11 41 

Ttub< = 4718 hours (5.13) 

It is clear that the objective of a 5000 hour M'IllO for this flight envelope specification cannot be achieved 
fully by the Donaldson vortex tube. It is therefore necessary to calculate the FEL as well as the erosion 
reduction factor '7~;~ for each vortex tube type for the given flight envelope to enable reliable 
comparisons. Since a combination of different dust types is used, the erosion reduction factor given by 
equation 8 (7)=;~, ~ 157 for the Donaldson vortex tube when based on SAE Coarse test dust alone) has 
to be adapted: · 

1'luosion = = ~ 

(5.14) 

and -'-. = J~" ~+ (<)>) <jl d-'-
\f-1 sr ~ff ,.,_ . J ir '+' 

't'!tJIU.U 

AB indicated in equation 14, the erosion reduction factor can be expressed as a ratio of MTilO times 
calculated by equation 12, which is also equal to the ratio of specific erosions or specific erosions per unit 
time resulting from the unfiltered and filtered dust streams respectively. For the Donaldson vortex tube 
the erosion reduction factor is ~1lculoted as follows, using the various approaches: 

Tl uosion = 
4718 hr = 41566 kg ~m = 
22.7 hr 200.8 kg ~m 

= 207 

2.317 x 10·3 kg ~mls 

1.1154 x 10·5 kg ~m Is (5.15) 

It is clear that the value of 'laorion can change significnntly with changes in the flight envelope and ambient 
dust compositions. The required specific erosion to attain the 5000 hour objective can be ~1Iculated by 
using the numerator in equation 12. This value can then be compared with the specific erosion resulting 
from the ingestion of the ambient dust when no filtration is done, giving a measure of the required 
improvement in erosion to achieve the FEL. Alternatively, the FEL is given by the ratio of the intended 
M113R (5000 hours) and the M1130 resulting when no filtration is done, giving a measure of the required 
improvement in engine life. Tite third possibility is to compare the specific erosions per unit time as given 
by equation 14. 'llte required specific erosion (which is the numerator in equation 12) is defined by 

(5.16) 



and for lht; case at hand is calculaleJ to he: 

E = 
,'J r~quiud 

-5 
+ ( 4 X 38.737) 

-0.145 

189.43 kg llln 

The FEL can thus be calculated using the three approaches discussed atxwc. 

T]FEL = 

MTBR L Q; t; A; ¢;d eff 
j 

6-W 
-- + (M <1>,.-.\nsuady 
k v· " 

(5.17) 

(5.18) 

Substitution of values obtained in equation 15 and 17 results in the FEL for the specified flight envelope 
and environmental dust compositions: 

5000 hr 

22.7 hr 

220 

= 41566 kg ~m 
189.43 kg I-'m 

= 2.309 x 10-3 kg I-'m Is 

1.052 X 10-l kg wn Is (5.19) 

4.5 Comparison of Engine Life Predictions with Actual Flight Statistics 

Statistical engine M1130 data obtained from the report by M6hlmann and Chertkow<"l regarding the 
Puma SA 330 helicopter is compared with calculated MTBO values for the flight envelope given in table 
4 for a 78% filtration efficient (by mass) system. Effective particle sizes for the 78% efficient filtration 
system were found to be 17 11m for MlL-E-5007E dust and 11 11m for SAE Coarse test dust. 

Although helicopters fitted with improved filtered air intakes are evaluated, no information for the high 
performance region (90% and above) is currently available. It seems from the available information that 
the proposed correlations predicts engine Ml130's with reasonable accuracy. It is to be expected that the 
error will be significantly higher for the first case where no filtration was used, since deviations of only a 
few hours translate to large errors. 

Filtration Performance and Mode Calculated Statistical Deviation 
MTilO MTilO from Mean 
[Hours] [Hours] [%] . 

No Filtration 22.7 25 to 32 20.7 
78% Dual Mode (Filter can be bypassed) 176 175 to 200 6.1 
78% Single Mode (Filter always operational) 458 380 to 450 10.4 

Tuble 4 Compurison of Cnlculuted MTilO and Stutistical MTBO vulues for u 78% Efficient Pumu 
SA 330 Filtered Intuke for Different Configurations. 
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5 Conclusion 

Using an nmdytical method based on !he characteristics of sp;nsc dust concentrations, combined with 
knowledge of the Just composition encountered in each phase of the flight mission, it was shown that it 
is possible to predict the expected life of a helicopter turbine engine. 
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