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Numerical Investigation on Effects of Rib or Cavity Design of
Gas Turbine Blade Tip on the Flow and Heat Transfer
Characteristics near Tip Region

Byung Ju Lee’, Kun Sung Park’, Jin Young Jeong”, Jae Su kwak”, Jin Taek Chung™"

Key Words : Gas turbine(”}=E] %)), Blade tip(E2#]°/E %), Double squealer tip(©]5 &2 %), Double cavity tip(°]s 7}H]E]
B), Partial cavity tip(P% 7WHIE] ), Rib(E), Cavity(7JPIE]), Reattachment(A-22), Tip leakage flow(d T878),
Vorticity($F5), Total pressure loss coefficient(H Y<=&/775, Heat transfer coefficient( E-H A7)

ABSTRACT

The purpose of this study is to design five blades with different double cavity tip and other five blades with different partial
cavity tip and then compare not only flow fields at the planes perpendicular to the axial chord but also heat transfer coefficient
at the blade tip using CFD method. New design method for the rib of the double cavity tip and the cavity of the partial cavity
tip is introduced in this study. Numerical results show that heat transfer coefficient distribution at the blade tip is closely related
to the flow structure generated by the tip leakage flow. The partial cavity tip blade model is expected to be possible to replace

the double squealer tip blade model because heat transfer rate at the blade tip is reduced effectively in one of the partial cavity

tip model.
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(a) Location of reference lines

(b) Example of double cavity tip

(c) Example of partial cavity tip

Fig. 1 Design of blade tip

B AT0IN ALST S A5 919 - od,
SST X4l SA(Spalart Allmaras) Rde WFEd SHZ
ARk, B g 2= SElols f=of theh [sA o
2 dRwEe Agsto] A4 ArE Slstdn, eols
oA A E25 v|wgt d7KFig. 3), k-0 X
WS ALgt A8 Aat A8 AnE ded 202
S ol 1 SARICHE Belel URELE b0 2
2 AAsieleon, 7% EYlol=rt A8 e A4

b0 RS ARt GAASE A )2 ol g5t
_ Wall heat flux

"= = ];nlet (1)

7



o= -8y - 3

ransitional periodi
[
Inlet
| Velocity: 85 m/s
/ liabatic wal

Total temperature: 24°C
Turbulence intensity: 9.7%

T2 g f5 B4 9 Sdol= | HHoAe] &
A 545 444, Ag4ez Frlsiolnt. =2 dolA
o] -5 545 gl sl Erlole Ade =iy 1
F F=70]9] 5~105% THE HolAl 9x|o]| 5% Hole g8
S Adstar, ZF T A 9] ok (Vorticity) #32 W A
PEAAT RES Slst] |+ f5o ARk 2wt
& 25 ol Blasinh 105% = DA =
o S0l A ARFEd HAEAASE Alitste] 7t
shleh. ot B HeEAA e E o ol ALkt

wmmfirxwmm—i?M“P @)

pitchwise spanwise

P,

t,in

0:05,07; ®)

T3 Fig. 337 o] 4] ()& o83t EFol= §
OHAH HHGA B2E Rlsta, EYol= | 8
OWDEPES_ Aikste] vwstoct, 7R =2 F
o] HAE AAlete] Bl HrtE
Potoict BHAFES AT AU Tl

553 vt o] Altskgit.

A

o2 (R

o o2 L
P
mlm
rTr
A
_l

ot it

Q= / did 4

3.1 @ El(Plane tip)a}l O|F
(Double squealer tip)

Agy ©

ARk Zlo) S B W olF A9 Bl 5
J 3k, Fig, 4 B9 P}
SrolAle] b RS ek Aol
W RolA ehErt A GAEe] 9o

%1 .

e

Rl - Tl

=

[T T 1 1 1 T .

300 400 500 600 700 800 800 1000 1100 1200

A,/‘\

(b) k—w turbulence model

h(W/m?K)

100 200

(a) Experiment®

(c) SST turbulence model (d) SA turbulence model

Fig. 3 Validation result by comparing heat transfer
coefficient distribution at the blade tip

w, ol g Wo] FYUW HelHE ole} fARE Ao
20% = ThEOARE RolT Stk ¥ 4 5o B
W ol 3] Sk AL HA Y A SRt B
Yolruch ek o sbgA gAshe Sz ekt
o}, olF 2el ol Aule iAokl wrare] A2 vt
O e Aol 10%, 15%, 20% = el el

onj, SHER FAR AFS Aule verdelq shrt
002 Uehtt 202 § +4 §52) AH AHoR B

Aok, AR A FHoR ddgA EA F4E AL

2 ofcy,

Fig. 5t W 93t 0% 232l geo| f2 dulolAel A
QHEAAS S ekl Aolct, Balo|= Felwel | &
2 AN w2 APEUASE ol ol 9 el
Shfel Joz Weksn SR 4% Y R4 oRsL
A 2o AUEAS G B SIS Aon
ueleh, g 4 9kRst Hehesel A YAE 0% 2
Be) ol Mo e AYEUAS Fo] BB N o
ejuck o 24 vepdo,

Fig. 6 B9 93} ol% 282 9ol Beol= wrlolA
o QHYAS BES vehd Aol B B g B
T eI e GHLAS ool Lehton, FUw 3
o AULAG WA Yashs AUS BTk F50

Ao FUF o) Wy 507t FEEA ol 4]

= Ho Bef Sarb} by Hdlo|= Hof e &

2 o o]k, o

AR g e g doest 5Y0 9, aeln
Aule) viee] @A B4 94

=

a}

27] A&t A o] EHGATE A vt
3

o]

2 H I8 BieS &

skt We® ddeA 7t

ee 7%—8}% A%E ek 2890 9 B 2 59
W oML FHul goAHY vy 257 FAEE Ao
el Zﬂf’_i Holw, FHu|E viFHO AL € =4 9o

AR2tE9y] BEoR meld,

S=ERMDIHEE =28 M243, M3, 2021



F

AR SH0|= Eol B E= JHHIE| BA7t B FHO| ERE 40 DXl o tigh sXlsiAE A7

_I

Vorticity [s*-1] Heat Transfer Coefficient [W m»*-2 KA-1]
e ee— e D
S & & & & O 9 & & & &

& & & & $ & & & & S PP PP PP PSS S
PO S & & F F S & E S S S

|

(b) Double squealer tip

Fig. 6 Heat transfer coefficient distribution of reference
blades

3.2 0|= 7HH|E|] El(Double cavity tip)

o1F A¥El | welol WA olF AulE Hel ezl
DOTel YR 7|12 WEsk FYW /1Y NS 2

(b) Double squealer tip 2 ol gusigin). Fig, 72 0|3 7fule ") 42 o

Fig. 4 Vorticity distribution of reference blades Ao] ol BxE vehd Aolth g5z A WA si8]E

o M= A2t Aol SelslA] egkek DOTIZ WL 25%

Total Pressure Loss Coefficient 9]' 30% ‘rri il 1_ ] HX]FS};‘: 0 HJRH 7HH]E] H}-“l L.oﬂ}\‘] XH

T2 Ao FAEl= Aol ER1IEgler, DeTal e A
F2 Aol FYu M 845 AR vENT
DCT22 M3t DCT32 Bl A= A52f x3do] 2l=|x]
g;omw] DCT23 Xof| A= DCT123} DCT21 BHlWch &
o 81791 35%9} 40% F2 oA ARt x)Ho] Foly]
ek % Hlo]= YW Fo] WAlshks d FAH ok W
AR oF7ke] Aol g el S¥lo|= FYWs wet 3t
T ‘%l A eph sttt ol 9lAlske A1 °lf°ﬂ
ehre] AErt oFsliAl= Aol A= FYUE V1w
2 o] AuiFoR A Aol $AIek DCT21 R 45%
2 oA | e ebRe] st 2 WA, DCT23 HE
o] 735 ebe] Awrt o Aopxl= Ale] ERl= it Fie.
82 olF 7HuIE Hel = e o] HekEdAe &
UeRd Zojet, R Q) Xoluk Hel A2
A WER T

il

r n:
m{m

I

Fig. 9= ol 7lHlE ©ol Edol= HHoAo] dAg

Ald RES Urehll Aolth A%E @ Auiel U9 9

o AHLAGTL 7] BREE AL ol Ade Pt $4)

it DCT217} DCT22, DCT23 HEo] -2 o] 2|3t &

(b) Double squealer tip ol Ady] ¥ 2o GAGA LT} BASe A B

Fig. 5 ¢, distribution of reference blades At} ol= o] =AYt ¥ =4 8=o] ZolH Heko g &
FERADIHES =28 M24d, MI3E, 2021 9

ol



Vorticity [s*-1] Total Pressure Loss Coefficient

(a) DCTI2

(b) DCT21

e~
(c) DCT22 (c) DCT22

(d) DCT23 (d) DCT23

C > Qe U
(e) DCT32 (e) DCT32
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