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Abstract; When operating aero-engines under all-weather, all-region and long endurance conditions,
particles enter the internal parts of turbine blades through the secondary flow air system. These particles
deposite and block the internal cooling air system of gas turbines, significantly impeding the cooling per-
formance of the turbine blades. A combination of computational fluid dynamics and discrete element
method (CFD-DEM) was used to investigate the flow and deposition characteristics of fine dust particles
in a miniature ribbed rectangular internal cooling channel of a turbine blade. The ribs were periodically
arranged on one side of the channel, with a rib blockage ratio of 0. 024 and a rib spacing ratio of 10.
Three rib structures, such as transverse rib, 45° inclined rib, 45° V — shaped rib were analyzed. The
effect of Reynolds number, Stokes number, inlet particle volume fraction and rib layout on the particle

flow and deposite characteristics was studied. Results show that particle deposition occurs mainly at the
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leading edge of the first rib; the deposited mass of the particles all decrease with increasing Reynolds

number, Stokes number and particle volume fraction ; in all different rib layouts, the transverse rib exhib-

its the highest deposition mass, followed by the V-shaped rib, while the inclined rib has the lowest depo-

sition mass.

Key words: turbine blade cooling, miniature cooling channel, ribs, particle deposition, discrete ele-

ment method (DEM)
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Fig. 1 Computational model of ribbed channel
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Tab. 1 Material proporties of particle and wall

240 kL BETH
BRF/kgom 2 450 4 000
B/ Pa 1.4 %107 1x10°
o [CAs 4/ Pa 3.556 x 10’ 2.5x107
NEL/NAA 0.27 0.25
SREH/W- (m-K) 7! 0.50 12.17
e/ T - (kg-K) ! 966 -
WoRL iR/ om 2 0.20 -




5512 1

FLIEME, 55 . 5T CFD-DEM B It N ¥4 i

18 SR DR R U AIFSE - 87 -

R2 HERMIRZE

Tab. 2 Numerical simulation condition settings

T4 Re WIRATHEE Vi/mes™  d,/pm G.in”/10 kges ™! Ein St W R A =
1 10 000 29.74 5 1 0.007 2 0.124 3 Hh
2 20 000 59.49 5 1 0.003 6 0.248 5 Hih
3 30 000 89.23 5 1 0.002 4 0.372 8 Hh
4 10 000 29.74 5 2.5 0.018 0 0.124 3 Hh
5 10 000 29.74 5 5 0.0350 0.124 3 Hh
6 10 000 29.74 1 1 0.007 2 0.005 0 Hh
7 10 000 29.74 10 1 0.007 2 0.497 0 Hh
8 10 000 29.74 5 1 0.007 2 0.124 3 45°&Hh
9 10 000 29.74 5 1 0.007 2 0.124 3 45° V {ify
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Fig. 2 Schematical diagram of mesh structure

of inclined ribbed channel
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Fig. 5 Unsteady variation of the morphology of

particle deposition in a miniature ribbed channel
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Fig. 11 Particle deposition mass and deposition rate in a

iniature ribbed channel at different inlet volume fractions

O 1
-3.0-25-20-15-1.0-050 05 1.0

x/h
St=0.005

& 12

0
-3.0-25-20-15-1.0-050 05 1.0

x/h

St=0.124

-3.0-25-20-1.5-1.0-050 05 1.0

x/h
St=0.497

BEIEHH 10 000 B AN [B) {7 4 5 5 0 T /N B A il 5 3R T AL AR FR 93 B0 53 76

Fig. 12 Distribution of particle volume fraction on the surface of miniature transverse ribbed channels

with different Stokes numbers at Re =10 000



<92 W 3 o TR 2023 4
TR TR RN A G = Ao N ENE b TRZ\ 35 0.6 o on0s

R, H P 12 AT L S0 v S0 S/ N U B A [ o
T A RURLEL H 6 2 B0k S )
SRR FR 3 B8 bt o 0 o SO B s/ N T D/ s o 3K
JEH T BEARRARAE /N i AR R R A8 2 (R 3A
FH AR R 2R R 2 B 2 . it
W, SRR ERIX A AR T K, HL a5 Y ]
WK, AHE AR A TR, Se B /N 11§t
KkiAE N, St =0.005 5 St =0.497 (i Fokk: 1222
10 4%, X A FURLAARFR 22 1000 3%, PRI 350 13
BEAMATRM L = B o3 A 25 5 LA, Bl W4 e
BRI I RE G RORAR R S BOZ T R . X
S PR I FE 5 S BORR /1N, UKL P Bl 3 1 B G, B 5 32
JUIDREE £ it S M), 35 S 008 Yt R 75 | 8 A0 4 1 Ji B,
SR A 1 AR A AR B R

K13 (a) 25t T AN (R 46 5 30T 80T B/ B D
T Gl 2 T ARUST  F fas 2 B OAS A AR T ) 222 AR
o TR S, AFIRFE SRR , b i s = 1
B Tl A FOUR A A ESF T) P 00 7 A, L2 1
AR, T 8o N, R TR BT R i A
LT B [ 38 T TR 2 W O % . T B AR Z
St =0. 497 PT35I St =0. 124 3 Fi1 St =0. 05
Iy 3. 14 £5F0 6. 59 %5, B 13(b) JE/R T AR
FE ST ECT f A WUk iy 1T FR 288 i i 2b 0K By A B
] AR AL . AT LOWLER 3], 78 i 0RE A HARER
PECT  UURRRER 2R Tt i o Bl T OB S A
V) P28 T v, AR R 32 i sl /), L 728 b 3ol 3 T
REARR

100

—8— 51=0.005
—8— 51=0.124
[ —A— $1=0.497

mdep/IO‘”kg
IS N )
S S S
T

[\~
(=]
T

(=]

0 0.2 0.4 0.6 0.8 1.0
t/tmml
(a) LR &=

—A— 51=0.497

B, |%

1 1
0 0.2 0.4 0.6 0.8 1.0
[/tmm]

(b) VLFR

13 AEEREEHH TRUNEMRIE
MEMRRESNRE
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rate in a miniature ribbed channel under

different Stokes numbers
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