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Research of fouling deposition influence on heat transfer of blade surface
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Abstract; Two turbine blades, the MARK [[ vane and a high pressure turbine vane,
were chosen in the study. The former blade surface was smooth and the latter was rough,
covered with evenly spaced truncated cones. The CFD numerical simulation technique was
used to calculate the cascade characteristics and blade surface heat transfer distribution. The
reliability of the computational method was validated by comparing the calculated results
with the experimental data. The results show that accurate prediction of the transition loca-
tion and appropriate y~ value are key to calculate the heat transfer characteristics of the
blade surfaces. The predicted results by using the shear stress transport (SST) transition
model are most satisfactory. In the calculation of rough blade, the roughness model was ver-
ified and then fouling deposition effects on heat transfer characteristics were analyzed in de-
tail. It is shown that the heat transfer coefficient on the rough blade surface is enlarged with

the increase of surface roughness, due to the enhancement of near-wall turbulence.
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MARK [ blade computing grid
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Table 1 MARK I vane computing boundary condition
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Fig. 2 Comparison of blade surface static pressure,

heat transfer and temperature distribution
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Fig. 3 Blade surface heat transfer distribution

with different grid number
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Fig. 4 Influence of y* value on heat transfer distribution

2 HEEM R RERRESES T

2.1 RETHAEEREI KT

MICHER 1 AT ISR E M R AL R AL
(49 43 B 5 SR FH 25 T A 4% 1 i DS TR LA K 5 T
yOEREWA CHEHE R, AWERET — 5 B
I 56 A 2 T REL R AR RL , O 0 2B B 5T T ORLARE B
T Y A BORR ML A L AR B S 5 R AE S
BRI T 45 th. w9 22 %6 /Dl 39°, M BE
50. 98 mm, 5% KN 93. 95 mm. M NEEA 11 4|
FETE Ve A1 38 , 5250 R R K R AT X R AL R
PR TiAl6 VA, R FR A H 7W/(m « K.

TEE 34 55 v A 3 LA B i e S A X
B HTE SE AR Be R T 1 AR TR AR an sl 5
71N R R T RT3 AR S8R R T 4R S5 09 A AT T
25, k& BT BB R 55 128 AN, bt M 7
FEECH 36 6585 it [ 4 38 I A% 2R 18 470. 55 1
JZ 9 s 3 BE T (4 25 R 0. 001 mum, i1 52 R A% S
10 2B R E&ER 2 Py L H b &R A
FL P BE T I BE AR )L R 288, 15 K. 7E Uit 4 1 11 [
PR 5 42 S BV R 2R TH N 48 2 AR S5 i
9 T Ui PR R 4G A pl T L B L 8 AL R LR M
[ A Sl 1) — A S A oo AR 5 R i o

(b)
S v i - i o 0 A

Fig.5 HP turbine vane computing grid



2620 i

Bt

]

VAR 5 30 %

k2 BEEFEHMTELREME

Table 2 HP turbine vane computing boundary condition
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Table 3 Roughness settings in verification

H/ d/ ¢/ (H/o/  k/
k/pm
pm pm pm 10" pm
0 0 0 0 0 0
10 10 25 55 1.06 48
40 40 100 220 4.26 177
80 80 200 600 8.52 192

VO R G e B H ORISR R 3 LR L ke, R R
3 19 JLART R 0 5 T KL A B2 G 1B R R AT T LA
TR SR TR 2 0T 45 BAVRR P B9 5

TERERE Pt R 2 1 A9 5 BRI R B SRR
FETHLRE B2 10 o B9 11530 45 2R 0 52 560 K004 R 1T
TXFHL AR A 7 TR, TR R SST B4R
R, o A% 1840 234 BRI 00 T 36 iR 3 A R
JE . AR VR DB ZE IR Nu o, HOE Ol
hec q . <
A T—T, A
Pz K c=93.95mm, T, NEETAE . ¢ il
HOMFR A =0.03W/(m « K).

Nu =

(2

800
F 10 um
600 F
500 F
= 400}
300
200} B
100 F "
L PS S8
0 1 i 'l " L i
-1.0 -0.5 0 0.5 1.0
xle
B7 kR 3R T A0 BRI RS 3 A X

Fig. 7 Comparison of heat transfer characteristic and

experiment on blade rough surface
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Table 4 Roughness settings in calculation
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80 80 200 600 8.52 192
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and heat transfer with different roughness
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