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Rim Seal Flow and Mainstream
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Abstract: In order to investigate the interaction loss mechanisms between turbine stator-rotor cavity rim
seal flow and mainstream, investigations were conducted on the loss factors and isolation method for interaction
between the rim seal flow and mainstream for the case with and without the rim seal flow. The results show that
four loss factors are considered, namely viscous shear loss, blockage effect loss, secondary flow interaction loss
and second stator additional loss. Among these four loss factors, the percent of viscous shear loss is 67.68% at de-
sign condition. In addition, the percent of other three loss factors approaches each other. With the increment of
rim seal flow rate, the mass flow rate and radial velocity of egress flow increase and the circumferential velocity of
egress flow reduces, which leads four losses to increase. Relative to the design condition, the total loss increases
by approximately 104.25% per 1% increase in the rim seal flow rate. Furthermore, the established loss quantita-
tive system exactly captures the increasing trend of blockage effect loss in rotor domain and secondary flow inter-
action loss. Therefore, the loss quantitative system is further proven to be feasible and effective.
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Fig.1 Cross section of rim seal cavity
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Fig.2 Computation mesh of turbine with cavity
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Table 1 Computation boundary conditions "'

Boundary condition Value
Inlet total pressure p, , /kPa 140
Inlet total temperature T ; /K 328.15
Rotational speed n/(kr/min) 2.7
e o 7oK 233
IR% 0.5,09, 13, 1.7
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Fig. 3 Contours of relative total pressure coefficient at
rotor exit for IR=0.9%
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Fig. 4 Relative flow angle at rotor exit for JR=0.9%
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Fig.5 T-s diagram of two streams expansion
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Fig. 6 Viscous loss work for the case without a cavity
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Fig.7 Time-averaged radial velocity contours at cavity exit

H T 3 U R A AR U A B s
JE AL ), W 2 T R P B UM S R T A A
K, RAPES DI G . 8 4 T IR=0.9% I} & 1 I
AN [) 470 T A7 5 R P AR B s BT R Ji s Al 1 5 )
B H T — B R AR ARG R ) DX B T
1543, IF A8 A DI A7 8 b AR T XA BCE . AT
DA B, 75 I A 10 B S i A D0 T 4 R B T R
T R PR AR X, O P A A R i R
VU A A 1 #R S R A T RIZLR R R T
WSl P RGP B U o T B R 2T Ui (D) IR 7 RN
8 B 3T ) T VAL A TE FPORS PR AR RO A 1 7 I A
T 0 R e (D) 4R S BT L R R4
T Xk 3 71 AL A 40 o B

A 1) W% AT A ™ R A FE RS B T I Y
LB 75 1) IF X F AT SR A0 3% JEAE A 3 Y
Ml S P e T R AR O A b U T A0 9 R LE O
JNTIT I i e 1) 9 s PR R O, 3 B T O T A A



2 4]

RELREN™ IS TR T W R R HLBE 5 289

Rotating Wall

Fig. 8 Viscous dissipation coefficient contours for cutting

planes of rim seal cavity and stator
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Fig. 9 Pressure coefficient at 5% span of the stator
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Table 2 Loss quantity and percent at JR=0.9%

BEL
Parameter VSL SFIL SSAL
S1 R1
Quantity 0.084 -0.011 0.022 0.016 0.014
Percent/% 67.68 8.74 12.67 10.91
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Table 3 Loss quantity for various rim seal flow rate

BEL

IR /% VS, ———  SFIL SSAL Total loss
S1 R1
0.5 0.055 -0.007 0.009 0.003 0.006 0.066
0.9 0.084 -0.011 0.022 0.016 0.014 0.125
1.3 0.113 -0.014 0.030 0.026 0.019 0.174
1.7 0.141 -0.018 0.039 0.036 0.024 0.222
4 & i

AR SOR A B0 S T T WA R A5 SR B
HIEAT T 0B, S T R A AT I A

(1) 56 G 2™ A0 5 20T W A7 76 P9 R 452k AL
[/RR N TR RN Y G IV 1 NS / ' (9
P VLR SR 9 T B AR R o fh T AR R
AW B0 = 1) o A R DRI SR 25 5 RS PR AR LR
B = B AR AT T RS EH RS BT
PR o3 M B AL AR 25, DT AT DA E B 1 A B2 o — 20
T B0 S IR A S8 A AL

() e BT TR R B DI 40 Jk 2 d 3 28 1 4
AR, LA 67.68% , PRI 1T i hy B AR 0 ™00 5

WA R EERA ., He =Rk a R M
M F LSS T 0 BN R R S BE 2 . B FEAK
O 8 A5 - U 1 A8 G RIS | O e R T R
R TRy NS N 3 I i B Nl i e
(i R L Z o 16

(3) B 25 3 7™ Bk o 18 A, T A ST 0 AR % B AU
50 T 00 AR AR v b A B B T O %R
RECNE G RS VR A8 H A RO A TR K 4
i, DT HE— 25 B E T Ok AR R A R . [
B, B A 387 O A, ™ U Y I e AR [
AN W KT D ) 3 AN DO /0 | i g 2k R
PR FRAS WG Ko AR T3 T, B 1% ™ i
AR BB R 23 K 2 104.25%
BB E R QAR STEE

S 0k

[ 1] sRGOME, SR S 5B )™ SR 48 5% 71 Re 52
RS W R ETEL) ). HEHEEER, 2014, 35(4): 470
478. (ZHANG Jing-hui, MA Hong-wei. Unsteady Nu-
merical Investigation for Effects of Rim Sealing Flow on

Performance of a Turbine Rotor [J]. Journal of Propul-
sion Technology, 2014, 35(4): 470-478.)

oW, B H, B REHTRRSE T
BUR DI A BB ()] b HAR , 2018, 39(11) -
2481-2489. (YANG Fan, ZHOU Li, WANG Zhan—xue.
Numerical Investigation for Interaction and Loss Mecha-

nisms Between Rim Seal Flow and Rotor[J]. Journal of
Propulsion Technology, 2018, 39(11): 2481-2489.)
(3] & W, #, by REEURS ERRAR
SEHAR TR AR E B[] SRR, 2019, 40
(2): 315-323. (YANG Fan, ZHOU Li, WANG Zhan-
xue. Unsteady Numerical Investigation on Vortex Interac-

tion Between Rim Seal Flow and Mainstream[ J]. Journal
of Propulsion Technology, 2019, 40(2): 315-323.)
[ 4] CuilJ, Tucker P. Numerical Study of Purge Flows in a
Low—Pressure Turbine[ R]. ASME 2016-GT-56789.
HU Jian—lin, DU Qiang, LIU Jun, et al. Flow Develop-
ment Through HP & LP Turbines, Part II: Effects of the
Hub Endwall Secondary Sealing Air Flow on the Turbine’
s Mainstream Flow [J].
2017, 26(4): 308-315.
WANG Li-xiang, MA Hong-wei ,

Journal of Thermal Science,
[6] ZHANG Jing—hui.
Experimental Investigation of Effects of Rim Sealing Flow
on the Flow Field in a Turbine Cascade Passage with Dif-
ferent Rim Seal Configuration [R]. ASME 2016-GT-
56848.

[ 7] Schadler R, Kalfas A I, Abhari R’ S, et al. Modulation



WAk 2

RELREN™ IS TR T W R R HLBE 5 293

[9]

[10]

[11]

[12]

and Radial Migration of Turbine Hub Cavity Modes by
the Rim Seal Purge Flow[ R ]. ASME 2016-GT-56661.
SONG Li-ming, ZHU Pei—yuan, LI Jun, et al. Effect of
Purge Flow on Endwall Flow and Heat Transfer Character-
istic of a Gas Turbine Blade[J]. Applied Thermal Engi-
neering, 2017, 110(5) : 504-520.

Reid K, Denton J, Pullan G, et al. The Effect of Sator-
rotor Hub Sealing Flow on the Mainstream Aerodynamics
of a Turbine[ R]. ASME 2006-GT-90838.

Pau M, Paniagua G. Investigation of the Flow Field on a
Transonic Turbine Nozzle Guide Vane with Rim Seal Cav-
ity Flow Ejection [J].
2010, 133(11).

Ong J, Miller R J, Uchida S. The Effect of Coolant Injec-

Journal of Fluid Engineering,

tion on the Endwall Flow of a High Pressure Turbine[]].
Journal of Turbomachinery, 2012, 134(5).

Zlatinov M B, Tan V S, Montgomery M, et al. Turbine
Hub and Shroud Sealing Flow Loss Mechanisms [Jl.
Journal of Turboimachinery, 2012, 134(11): 1-12.
Schrewe S, Werschnik H, Schiffer H P. Experimental
Analysis of the Interaction Between Rim Seal and Main
Annulus Flow in a Low Pressure Two Stage Axial Turbine

[R]. ASME 2013-GT-051003.

[14]

[15]

[16]

[17]

[18]

JIA Wei, LIU Huo-xing. Numerical Investigation of the
Interaction Between Upstream Purge Flow and Main-
stream in a Highly—Loaded Turbine [R]. ASME 2014-
GT-25276.

Behr T. Control of Rotor Tip Leakage and Secondary
Flow by Casing AIR Injection in Unshrouded Axial Tur-
bines [ D ].
2007.
Schuepbach P, Abhari R’ S, Rose M G, et al. Sensitivity

Dresden : Dresden University of Technology,

of Turbine Efficiency and Flow Structures to Varying
Purge Flow[J]. Journal of Propulsion and Power, 2010,
26(1): 46-56.

Schuepbach P. Influence of Rim Seal Purge Flow on Per-
formance of an End Wall Profiled Axial Turbine [D].
Swiss : Swiss Federal Institute of Technology, 2009.
Young J B, Wilcock R C. Modeling the Air—Cooled Gas
Turbine: Part 2—Coolant Flows and Losses [J]. Journal
of Turbomachinery, 2002, 124(2): 214-221.

Cumpsty N A, Horlock J] H. Modeling the Air-Cooled
Averaging Nonuniform Flow for Purpose [J]. Journal of
Turbomachinery, 2006, 128(1): 120-129.

Horlock J H. The Basic Thermodynamics of Turbine
Cooling[J]. Journal of Turbomachinery, 2001, 123(3):
583-592.



