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Optimization and innovative design of surface groove of
TPS sling-oil retainer
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Abstract: Owing to failure of existing semi-circular grooved sling-oil retainer in the turbine power
simulator to achieve the maximum efficiency of heat dissipation and lubrication of the internal circulating
flow field, the parameters’ optimization research of the sling-oil retainer for reducing the maximum flow
field temperature and the eddy flow effect was carried out. The new groove (including parabola, involute,
logarithmic spiral, etc.) structures for the sling-oil retainer were proposed, and the influence of single
factor (such as groove depth, groove number and helix angle coefficient) on the flow field characteristics
was discussed. The multi-factor and multi-objective parameters were optimized by the orthogonal
experiment method. The results showed that the logarithmic spiral groove was an optimal structure that can
effectively improve the lubrication and heat dissipation performance, and a set of optimal logarithmic
spiral groove parameters by orthogonal experiment method were represented by groove depth of 6 mm,
groove number of 10, and helix angle coefficient of 0.4. Based on the results, a new type of sling-oil
retainer for more harsh working conditions was designed, and its flow field characteristics under typical

working conditions were obtained by the theoretical simulation.
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Fig. 3 Different groove types of sling-oil retainer
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Fig. 6 Temperature comparison of simulation and experiment
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(different groove types)
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1 RS 4 6 40.5 124350
2 R 5 8 49 28 600
30 kR 6 10 40.2 110870
4 PR 6.8 12 53 68970
5 sk 4 10 375 144260
6 WLk 5 12 45 192 340
7 s 6 6 36.5 125580
8 sk 6.8 8 37 95940
9 Wik 4 8 39 149 810
10 i 5 6 34.3 198 170
11 Tk 6 12 40.5 61530
12 Witk 6.8 10 35.5 122 169
13 WHishesk 4 12 35 283 470
14 XPEURTEL 5 10 33.5 299 380
15 XPHugiEsk 6 8 342 254280
16 XPEUETEL 6.8 6 36 219270

340 B R R A 22 40 b, b K, (m=
1,2,3,4) £RHE ALEKF R m ot GEIE bR T
BAEZ A k= K, /40 AR R ATHE N E M £
WYy A>C>B, Horfoli ) il 2 i) 728 Ak % I 4
o U B T B AR AR Bl BH S, 3R R T S80I 46
2 AR B 14 A5 A I 3 0 1 PR R A A i 11 e
VEFH, DT 8 45 4 P 350 T B BB A 5 PR b A1

MG 22 R 7T LUE R VR 5 R B0 i 0 e e
Tk 1 S WA R X /N o 32 PR A R A 2 K )

P 38 %
x4 BRBERESHT
Table 4 Maximum temperature range analysis
IR TR 28 R4 KRB KC
K, 182.7 152 147.3
K, 156 161.8 159.2
K; 149.3 151.4 146.7
K, 138.7 161.5 161.5
B EEC ky 45.66 38 36.83
ky 39 40.45 39.8
ks 37.33 37.85 36.68
k, 34.68 40.38 40.38
s R 11 2.6 3.7
FWIGF A4>C>B
Pk Ay B, o
A 4,8,

£ 3 R P X 32 14 52 o A B, (L2 RE B8 A7 e B 1T
{EL; RSO0 U 320 1) i v i B2 55 A RS WSSO AR
XA PR A R R B 3T 20 1) 0 B R 2 B i
SRR IR ORI, 7 BRI o
TER e i R AT BB/, AT DA e e IELEE N
HFRBIILE G A,ByCs, BIAE HAB S E AR R,
Tl LA T 2 RN < R S X R e L M 7,
BN 6 mm, HEECK 10 >0 IR 5l B fe A

H 5 MR RIEZE B ZE 7B, ARGEAN 2 R W]
B € LR 1 ERIUY Ay A>B>C. | T 2R 2%
BOR, mlHlE AR 2209 BRI IEE G 0 4,8,C5, Bl
e FA A PEAR R, P it 2 A A S 00 T - A A
X BB e A R, AR 5 mm, AR 10 4.
BERHR Y R 22 iR

x5 RREERESW

Table S Maximum differential pressure range analysis

RIGFE bR SR FEARL 4 T B Hi% C
K, 332790 701 890 667370
K, 558120 718 490 528 630
K, 531679 552260 676 679
K, 1056400 506349 606310
BAREXEPa ki 83197.5 1754725 166842.5
k 139530  179622.5 132157.5
ks 132919.75 138065  169169.75
k, 264100 126587  151577.5
W2 R 180902.5 5303525 37012.25
TR A>B>C
Pk Ay B, G
s A,B,Cs
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Fig. 20 Relationship between different levels and

maximum temperature

120
2 4
006} 2B
’ C
S 072+
z N Nj =
o048} 7
o
024} g
/
/
L 3 4

7RI

21 AFRKFSEZRA
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Fig. 22 Groove type of sling-oil retainer after optimization
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