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Numerical Investigation of Pin-Fin Influences on Cooling Air Flow
Characteristics in Turbine Blade Trailing Edge Region
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Abstract: Using pin—fin structure in turbine blade trailing edge helps to improve cooling air allocation and
the uniformity of flow filed in the trailing edge slots of turbine blades. However, the added pin—fins inevitably in-
creases the resistance to the fluid flow. Therefore, the geometry matching of pin—fin and trailing edge slots have
obvious influence on heat transfer of turbine blade. With MO as a reference model of a real turbine trailing edge
with no pin—fins, this paper adopted the numerical method to compare the flow fields in the trailing edge of three
models with different pin fin structures under both static and three rotating speeds. M1 has a single row of 13 pin—
fins with a diameter of D=2mm. M2 and M3 have two staggered rows of pin—fins with a respective number of 16
and 17 and a diameter D=1.2mm. Only a slight difference in pin fin arrangement exists near Slot 1 between the
two models. The results demonstrated that: (1) The pin—fin located in trailing passage can increase the uniformi-
ty of flow field, have a big influence on flow characteristic of #1~3 trailing slots, M2 and M3 with two staggered
rows of pin—fins has a better results than M1 with a single row. (2) Compared to M0, the added pin fins in M1,

M2 and M3 models cause a moderate increase in pressure losses. The pressure loss coefficients of M2 and M3 are
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of the same level, and are slightly higher than that of M1 due to higher disturbances to the flow. (3) Increasing

blade rotating speed causes continual decrease of pressure loss coefficient, but the flow structure in the slots of all

the four models is not evidently changed.
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1 35

Wil 25 025 B AL AR (R AN T & i, 5 1 A AR
whi PR AR SR AL AR F R B )iz N T AR
WA R Bt . AR EVAL N R R &R A
FI T4 it R S Pk RE L RN T BT = iR T
SFRURE T o P, 7R i R R G R A it A RN e A%
G A B TR SR A R A P 0 43 T [ ) 3
S 7S PR RE o EHE AT RSE A R 2 e e o
XV S 43 B0 M 2 A Ui 3l R R 0 52 e AT R R B ST
RARBCE AL R &R ARt S

LA, AT I R R R S5 A AL R R AT T
K 1 52 50 FBCE A 9Y o A S50 J7 T, SR T & AN
WE 25V A 1, Otvo S VRIS T A D AL AE R I 1 A O
JFB S TE N AL AN I JERFE . Rao S5 HIFSY T 4 JE 38
T R 0 P A 25 R 0 AL M RE . Kan DL
TR X mA MR NE AR R bR
B AR, Horbach 58 WF 58 T AS [A] He Uik F 45 44 XF e J 08
RS EERER R . Wu SRS T e M R
e b AN S AL SRR o TR A YRR TR AT /N ]
R PG AL AT 10 66 R 38 1 P9 U Bl RN A BRI . R RO BT
5% i oh AL SRR PE 5 T, Moon 26" | Jiang %' il Bi-
anchini %" EEPEYI N JJ i1 IE SST k—o Jiis ALY, 53 7
0346 i i e Gl B i AL B TR B RS A AT I A
P, T BRI B ki 1 v P A R A A R . WA
#2R H Realizable k—o B8, BT 5T TR R ES LT
XL [a) FE S0 B R S 3 T8 Y O Bh R . Menter il
FRUBE F 3 o7 BB AL (SAS) 7 125 WF 9 1 4 O T
U A O A HVREPE I S2 I . Singh 1 I Al
laud 28R R W B (LES) J7 2, BF 98 1 IR R 5% L
P it A A A U B A B KR I R 5 S T R R 4%
FR DX U B R

T AR BT T A 0 i R Sk U BN RN AR BAVRRAE
B 55 S a4 G % — R Al SE g o =
Andreini %R ] 4 - DU 2L (PIV) 1 SST k-
T ALY 5T 1 A A T A PR A B B e 4 0l 1A i
Yo Taslim 87 DL 25 & 00 3 07 ¥5 R bR o k-e,
SST ke Fl v~ Jii A5 AL, A 52 456 T 38 18 P4 B ) 3 30
ST B HEEE 20 . Taslim Z51814% 4 Realizable

il

k—e BB 8 T [ B 48 3 € T 1 U 8l 4 PR o
Pu %R F PLV R 4 2 B0 S0 R i 8 0 v
Iii) 368 J7 v P A A I PN A PR AN S 0 Ke 5520 F FH 52 56
A, LB U o A B (SSG RSM, SST k-w, RNG
k—e FIARAE k-2 ) M B 25 L . R 200 T
3R SR e T A A, B 2 v A0 0 DA DA B S e
R0 555 9 L2 L B TR L OR S H RLR & B R
FEVR NG5 M AT X 1L

JRE NI &R M R RS Wit T8 T
WESE, (H 3% S8 B 57 K 2 A FH 3 4k i i e B8 iy HLAR
2 BT R . AR SCULBUE vk R B
E 7 Lk FINE 5 25 A0 T 0 0 AS [ 1 1R 3 A RS B A Jeg
XoF B8 B Tt sl R M 5, AR BB AIG R ) R
HE R A S R BT T &

2 LMEREHETES X

AR SO T U AL LR AR MO Oy R 2k e It T AT
0 L o R AR AR TR o R E AR R
JE VS GE A M Sk A P A L B (Inlet pass) , iF4R
A WA 1 H (Tip exit) , B4 A 144 R4 ) (Trail-
ing edge exit) . ¥ M3l 8 /K 1 HAE D=3.594mm, &
B2 95 0.17D, /5 111D, A 2B P9 A 8 4% a0 £k (B BE
1.77D 0 R & BE N 41.97D AR R EI] & sh HL 5 28 1) #E 2
M 76.35D

2 R T = AU A [) 0 U A 1) g gk A A DA
Je B GRS AR . M FE RS 2 & 14 40
JCE— B AR N 2mm B 13 R, M2 B & A 5
AZEE)H) ) B AR N 1. 2mm B P A, AEH) 84,1 HL
TE 2 4% 1 BE T X % B = AN WA, Tk R A i s .
M3 7E M2 Ll a7 — A58 iy AT I8 o5 —
AP AR B Bh B 58 T R gk 00 0 B, G0 R 4R T Sk
[

TE3H 8 X B, 1 ANSYS ICEM 18.1 1 JH %% 14 7 i
TR A AR, BV« 8 3 AR X 38k %) 3 AR 358 408 A 1Y o 4k <9
W E ST BE IR T e R 2 0 A Ok 4l B 30 R X3
TR S, 2L 10 )2 R FE y+/N T 2.00 MO 95 A%
AR EIE 3 PR

T B E RS S v L MO K, SR T =4
DA%, b R O A R A RUST 43 518 0.1mm, 0.2mm F



EVEN A8 T8 %0 Wl DA I AT R 3 T v U Bl 1 BB 43 B 165
4197D D

-« I Q
|
Dividing wall_1 i
Dividing wall_2 4 i
i [
B ZmﬁézEﬁ i
=] Ist pass [ '
Tip exit_1<3 I Inlet pass_1 i {3 Inlet 1 i
| 2nd pass i ) i
. . l !
Tip exit_2<4 2l 3rd pass . Inlet pass_2] <:| Inlet 2|
= EX ] £ HOnn 0 ] i
BN/TaZ8 ; i
; 4l ' | i

! 111y i Ao %
B+ 14 trailing edge exits 7 |

Y BB 76350 1y

X — [[—

AD o
6@0 6 el
#14 #10 #7
Trailing edge exit
Fig. 1

Lo

New added B

New added —© -
Fig.2 Three configurations with different pin-fin sizes and

arrangements

0.3mm, 41 (&l 4 Jr 75, %5 B0 A% 5 8 505 B
4265545(Grid1),10208310(Grid2) i1 16451636(Grid3) .
FHX = 2L A, TH 545 B0 45 R 4% T 1T R L
Pl 5 it s T o g Al s Sy et ) 00 79 A AL A
K14 RAEMBE MRS . Bhg5RBoR, A Hxt
T 2 BN T 2% , % BB A AR FORS BE L T S 28

A—A Y
~ X

D Q
g Inlet pass_1
3}
Q ~
f\'~”b<0 >
Inlet pass_2
# #1 0.556D

Inlet pass hydraulic diameter: D

Trailing edge model MO from a real low-pressure turbine

T~V 1,

0.3mm

0.2mm

Fig. 4 Comparison of 3 mesh densities for pin-fin

TSR Grid2, JHRAE 7 ¥ M1, M2, M3 #Y R A%
B oM £ 11199213,10672182 1 10651480

B AR 3 8 i B 3 O 10302r/min (Ro=
0.031) , ¥ A i 11 AH X} &L K o 850209Pa, iif It i &
5% , A 728K o 38 A i S 56 0 A A 2 S
A0 K 144 AR D3R A . R 150
£ O RS 80 BRI R E L. MO, M1,
M2, M3 (¢ ik F 7R T 8T 0 9.41x10%,9.02x10¢,



166 e it

AN 2021 4E

8.68x10°Fl1 8.60x10", K T i — 2 WF 5 i i 5 14 T
it X R B N I U B R MR S e P i R i
1ERZS (Ro=0) #1142 i 25 5 11 40 T80 Ro=0.028 Fl Ro
=0.034 T~ 3 sh ek

v

Ro=E (1)

Ao BT, 0 J9 HEF M JE , L FRAE
KE.

10
*
8| —w— Grid 1
. —e— Grid2
% 6l + Grid3
2
s
o4t |
) \
2 \
8 2T a
=
= \ P e G e
of .

TIT21 2 3 45 67 8 9101112131415
Number of tip and trailing edge slot exits

Fig. 5 Mass flow rates from different exits of 3 grids

Table 1 Pressure ratios of static pressure at each slot exit to

the inlet total pressure

Pressure ratio Pressure ratio

Exit Exit

(p/p;,) (p/p;,)
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Exit_1 0.521 Exit_9 0.531
Exit_2 0.524 Exit_10 0.531
Exit_3 0.526 Exit_11 0.529
Exit_4 0.528 Exit_12 0.522
Exit_5 0.530 Exit_13 0.515
Exit_6 0.530 Exit_14 0.508
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plane velocity modulus C,,
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Fig. 15 Mass flow rates from the trailing edge slots at Ro=0

and Ro=0.031
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