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Numerical Analysis on the Blade Tip Clearance Flow in the
Axial Rotor (III)

- Evaluation of Tip Leakage Loss and Reduction of Efficiency near Blade Tip Clearance Region of a Rotor -
Ro Soo-Hyuk and Cho Kang-Rae
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Abstract

Leakage vortices formed near the blade tip cause an increase of total pressure loss near the casing
endwall region and as a result, the efficiency of rotor decreases. The reduction of rotor efficiency is
related to the size of tip clearance. In this study, the three-dimensional flow fields in an axial flow
rotor were calculated with varying tip clearance under various flow rates, and the numerical results
were compared with experimental ones. The effects of tip clearance and angle of attack on the leakage
vortex and overall performance, and the loss distributions were investigated through numerical
calculations. In this study, tip leakage flow rate and total pressure loss due to the tip clearance were
evaluated using numerical results and approximate equations were presented to ovaluate the reduction of
rotor efficiency due to the tip leakage flow.
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Table 1 Experiment and calculation conditions.

Cealculation

Experiment (WFM & LRN)

#H=V./U)| 0.74 | 0.68 | 0.63 | 0.56 | 0.74 | 0.68 | 0.62 | 0.54

a" ) | 730 107 [13.23]16.90] 7.31 | 10.7 | 13.4 {17.08

Van(m/s) |27.35] 25.00 |23.05|20.50|27.32|24.95(22.95|20.40

Q(m*s) | 3.57 | 3.27 | 3.01 | 2.67 | 3.56 | 3.26 | 3.00 | 2.65

0.00 | 0.00 | 0.00 | 0.00

*

C 0.02 0.02 | 0.02 | 0.02 | 0.02
(C=chord | 0.04 | 0,04 |0.04 | 0.040.04 | 0.04 | 0.04 | 0.04
length) 0.0580.058/0.0580.058

0.075" 0.075/0.075/0.075{0.075

% (*) Experiment from (5)
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Fig. 1 Distribution of partial and accummulated

tip leakage flow rate along axial direction
(v/C=0.04),
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Fig. 2 Total Accumulated flow rate through tip
clearance.
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Fig. 4 Model for total pressure loss near casing
endwall.

e RetolM A FIletior Aol wHd
A Zaste EXE Jehla Ak ve=0.0490
et AYETs) vjusty] A8 1/C=0.048 TG
8t 1/C=0.029} 0.0759] Mo &) WFEMoE
AME EAREE dpdgor Awgay 3
FEAATCE )R A AAEGTY 1/C=0.040)
N AYT sAALNY F Fade F A8z
Ui, o|ZHE T EA o] ¥ FA A @3}
& B o= wuyg 4 vk

By EAZ QY &AL FHRTo] WA
4 s Ydehs I3 &43 BE
B Fo] FRHEFH AA FHRFY FA
SRz YT oMol it ¥ A
E4=2 FEY 7 Ud oy, B E&x=
A gAstE THARE L FHGR A% &
A€ Bridte AL Fasiol

B dAFgME FERE 9 FE4FA g%
EHE G go] Aol WH Reg 49
A4 AHgoz Fise F%7 FAF B
t vAR%SE 7Eo2EY § SR A
Aojste] I8 CHFig 4 AR).

121 AYY BURYE J(F22 B NS

Al S8 S4% =% W WAL §E 99
sig Azoune B2 Ad e s
Bl A8 &= molok @ ol EA}
g& Mo NAY wuEde Aolym A
EdoAe] A% % 8499 §HeFol ga
HEDAF) AW QIR wFwge A2
W2 YA ol ge SAAGE ¢,
om ENSY A€ FAAMe] A8 Wi
& ek ¢, & HHY BE oAMEA 2

Wl e feuTE A& L, B3 EA

Cal.
- -
" —e—
-
e

—0.02 e 1 " L L Il n 1 M
0.00 0.02 0.04 0.08 0.08 0.10

/C

Fig. 5 Variations of 47, (=, —
tip clearance and angle of attack.

) with

w—
t’.mm

B, BAHY AN REFHFE WA g
@ EAATE 4L, (=5, - T, L )E HEN
T Utk B 27O Fd(@)2] W] wm
4t,9 FAAA AH# Fig. 5o AA s,
TARELE QI AHGEAE T2 Aoy o
W ORge] Yehdez, 3jue Ay Fodidn
9 AEAASTT AR BARF gAglol
AY Fos A& BAY F AU webA g
HQ AFo)M Fig. 3 R Fig. 40lA 9} Fo] BA)
9 Fgo] Yehls AoYRIW Ri2E EANH
HHEAUE B7)) el M A&+ A
FHYIAA)LE FAY¥ A& oy Fo

T oL EABTL i3 o] Ho)s,

- —
t 'm-""—l_Qmm L aboVardrds ()

%, Qv = fd o Vardrdd

( Quawa® Ardt 2O 2 Bt {3

olth, A 3ol AANE FTHEELE THY o}y
YA WAt S4d9 ALY\ A
o] &H9dg ¥ Y4 f% Q eng v ™
Tey ol gt

WA, aro] 9] AWRRy AR B HEL
Fig. 69 A€t} Fig. 60 w2y, &499
# A A& E Addne BN C)S}
D7t ool W2} A9 AYHoR Fsin, Y
FZo] Frbgo] met fAE 71&7)& FHARA
7kt AER AAL ok "N, &4
o] e AARFHa=10.7" ) F o ZALA



A8 A AU YR NG FAHE() 1117

0.30

3 [—w—
—

POy
-

0.00 L 1 ' 1 ) i s i
0.00 0.02 0.04 0.08 0.08 0.10

Fig. 6 Percentage of tip leakage loss region to
span with tip clearance and angle of

attack.
0.30
,""'"""—-n
ok6 ™~ s
"‘x‘,” [—— -
_____________ -
0.00 e o
l > . — — ._____—.
&kow“ ----- - O
0.10 - o
ol gr [~ % -
u-g —a—
0.05 - 1: ——
a=lgy | —w—
0.00 —_—
0.00 0.08 0.04 0.08 0.08 0.10

t/c

Fig. 7 Percentage of flow rate through the end
wall loss region(R;~R.) to inlet flow rate
with tip clearance and angle of attack.
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