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Analysis of Particle Laden Flow and Erosion Rate
Around Turbine Cascade

W.S.Kim" and H. H. Cho™

ABSTRACT

The present study investigates numerically particle laden flow through compressor cascade.
In general, a lot of turbine engines are affected by various particles which are suspending in
the atmosphere. Especially in the case of aircraft aviating in volcanic, industrial and desert
region including many particles, each components of engine system are damaged severely.
That damage modes are erosion of compressor blading and rotor path components, partial or
total blockage of cooling passage and engine control system degradation. Initial damages can
not be serious but cumulation of damages influences on safety of aircraft control and
economical maintenance cost of engine system can be increased. When dust, materials and
volcanic particles in the atmosphere flow in the compressor, it is necessary to predict
damaged and deposited region of compressor blades. To the various flow inlet angle,
predictions of particles trajectory in compressor cascade by Lagrangian method are presented
and impulses by impaction of particles at blade surface are calculated. By the definition of
particle deposition efficiency, characteristics of particles impact are considered quantitatively.
With these prediction and experimental data, erosion rates are predicted for two materials —
ceramic, soft metal — on compressor blade surface. Improvements like coating of blade
surface could be found, by above prediction.
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(a) Stream Line

(b) Stk=0.188 (5um)
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(d) Stk =18.6 (504m)

Fig. 2. Particle Trajectory as the Stoke number
(Inlet Angle 40°)
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Fig. 3. Particle Trajectory as the inlet angle
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Fig. 5. Impulse distribution on pressure side
surface

T AQ FEOM VR & Aoz vl JAE B
F ok AL AL BRRdME dAFoz 3
o] glo] A433] woiAl= Ag B 4 glow, A4
9 vz ARFMe Y FE0) /5 YD
2 Aol Holx gouvg ZAzke] FHirt @k
£3] 494 4009 A4 dAdS 59§ 9ol
D2 AF AREAN 0 B vsld 433
o ZAY BYE Holn Yot I8ln FARES
2 7FAA Bl FEo] HAR #AEA Hol 54
F& AAE] Frldhs S EolAl Hoh zExn
el F71gel bty A3 i Friske
FdE BAF3

Fig. 5(b)= #5Y72e] 40°2 ¢ Stoke F
o & I= Zold diF FAF wIE el
I Atk AR A7), F Stoke Fol W} FH o)
2 zolE HolAl Hed|, 47]4 B Stk = 0.753
(10im)Q) Bs= F4Fo) A gle A& ¢ + A
T} o]ZAL Fig. 3(b)olM B AXNY YAre] #



H2a HM2%, 1998. 8

Efgl ol FeololMel 2RUX /& Y ot=2@ sy 2]

dge] v Romz PREe] FAHE HEE 7%
< 7WAA Ha, EZ YR7E iEe] FEY ol
T A2 #PYog UM Y] A A9
A8 YANIIA ge A ¢ F Ut PR =
717} F7kslEA FERE A ke 3E B
& 3om, gAY 277t F7Nsk) weks FARE
I Adiglo] wirlsEle AL & & Utk =3 HollA
Ang A go] AT fddo] LT Avol
o2 AY nz [ARRNe FHI| FALUNE
e AL & 4 9o 2232 Fig. 5(a), (b =2
T Qo= FEFo] Hovt sH, @l FE9
w3z ey AW ARFo2RE Fdoz sMA
A AxHos FAF) FlEe A ¢ F Utk
QA}e] =rle) we} zs] BW, Fig. 5(b)olA &
F e AANY Stk =2.99(~20m)olBPlAE 1
A7 ol A FAY =2 FAAEY, debA
Ak =771 20molde] A7 E) FHel X
H £48 & F Ag Aoz 4ot

34. QA g ufRF oS

Fig. 6(a)e ¢*} FE4EY W& Mz & §
Aol oigt vl RS ERR AHolH, Fig. 6 ¢
A FEZAT we R Vehin g B
Aol M B soft metal) Ak Wik ¢
o déled nA3FTk Fig. 6(a)dllHe F 4 =
71 QA FEEES] FUI5e didte mimage] d
Yoz Zrkske Ag £ 4 Ao 23y A&l
9] A%e 5Y FE &= i 973y FeE
o}, ddldoz 28 ojitel mluEde Jehe RS
& 4 Utk Fig 6(b)8 51, 9739 A% gAY
Edo digt FEZ0] 30°¢) A% HWE el
I Utk At ALE 0% el 90°Z spPEA A
Aoz niwze] F/ee AL ¢ 4 vk B &
FolAe Fig. 69 49 x5g uadgyoz B
L3t oS YRty FE 4§59 FE A%
g B FHEFo 2N drf HHe] viEFE A
sl9ch &3 Fig. 69412] wl= 3K e7lsion rate)
9AE JHAE Hdige] obd mhRFe] vimE
g A F] grolch

Fig. 7@, M9Xs 5474 407 A
Stoke ol W& A7} Mgt F 7R E£Fo)

o rx 4

500 T T T T
Materials
w0k """ Soft Metal i
Ceramic
2
« 300 H
-4
=
o
@
2 200 4
<]
100 - -
0 ez -q""" - 1 1
[ 20 40 60 80 100
Velocity (m/s)
(a) Erosion rate to impact velocity
50 T T T T
Materials
Ceramics
Q=== Soft Metal i
= = == }ard Metal
@Q
< 30} N
-4
=
°©
‘a
< 20 b .
=
10 |- -
0 1 1 1

1
0 20 40 60 80 100
Impact Angle (deg)

(b) Erosion rate to impact angle

Fig. 6 Erosion rate about various materials
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