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Abstract: The parameter optimization is carried out for the V rib—dimple flow control structures on one wall
of the rectangular channel at Re=50500 by the multi-objective optimization method based on the Kriging surro-
gate model. The numerical method is fully verified by steady—state and transient TLC experiments. The structure
with the highest Nusselt number ratio (rib height—to—diameter ratio ¢/D,=0.1, dimple depth—to—diameter ratio
8/d=0.21, rib pinch—to—height ratio P/e=10.8, rib—dimple spacing—to—height ratio [/e=9.9) and the structure
with the highest thermal performance factor (TPF) (e/D,=0.08, 8/d=0.19, Ple=13.5, L/e=12.3) are obtained.
The heat transfer enhancement mechanism of the optimal structure is analyzed by numerical simulations. The in-

teraction of the strongly attached flow induced by the higher rib (e/D,=0.1) and the suction of the deep dimple (&/
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d=0.21) results in the intense downwash of the fluid passing the rib against the flat wall downstream of the rib.

The large spacing ratio (L/e=9.9) provides a large attachment area for the fluid. The attached fluid enters the dim-

ple, breaks the recirculation zone, and detaches from the trailing edge of the dimple, then the fluid shears with

the mainstream and contracts before the next—row ribs. The intensive fluid mixing increases the turbulence heat

transfer. By changing the position of the dimple, the flow of the attached fluid can be controlled to enhance heat

transfer.

Key words: Turbine blade; Cooling; Heat transfer; Numerical simulation; Multi—objective optimiza-

tion; Flow control
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Fig. 1 Schematic diagram of the experimental system
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Fig.2 Geometrical model and interest region of V rib-

dimple test plate

Table 1 Geometrical parameters and values of V rib-

dimple test plate
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Fig. 3 Spanwise-averaged Nusselt number ratio
distributions of different mesh size (Re=50500)
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(a) Computational domain with boundary conditions (b) Sketch of the mesh

Fig. 4 Computational domain and mesh

Table 3 Comparisons of average Nusselt number ratios and friction factor ratios between steady-state experiment results and

numerical simulation results for different V rib-dimpled structures

Structure parameters e/D,=0.044, 6/d=0.2,L/e=12, Ple=14.4 e/D,=0.1, 6/d=0.2,L/e=9.9, Ple=10.8
Parameters Nu /Nu, Sy Nu /Nu, 1y
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prediction and numerical simulation
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WA MR 5 AR U S 25 ob i VR 55 TR 72 2 Y T
LA LR 5 | A i Sl AR Y K 3 m (&1 10(b) ) o A
Xt e B S5 H4 , TPF S A 10 25 #4938 2o B AL A o i 75
it sl BE 7k /N AR H T Atk i A AR B S RS (TR
11) HL Bk & oo 5 B e 559, 3 B0 5 e 44 XL i
Bl RE X A 1 AL N (] 10Ca) , (b)), (5 A3 1 B & IF
AT B0 A PR B X 10Ce) ), FLARST T
e 0 A 2548, I BE 3 B 2 A B B TR (& 10(d) ),
YEFE TR m AL R BE A B TPF R,

DN N A7 15 0 29 55 2 PleLie+3.6/e, i % T Nu /Nu,
M TPF B AR 454 , Ple=Lle+3.6/e, 3% VW Lie th 5E T
Ple WHBUH , S5 Lle £ 5 T 1L IANERE , WOR £ 50 BT Lle
X sl 5 AR . 24 Lie=5.4 1), WG S04 B G -
AT W JE AR MR S5 2 R TG 5 358 T A X3
Bt G MG S o S A A = A T MR
I 25 5 305 JU J AR RT3 DX [T A 5 O T R, RE TR
2 AR R AL AL % 52 Lle=8.1 I, M fE i T
P HE Bl e v (R0 8 U A 0k W e A D R A
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R R e I =RV <l o I S S R i
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Table 5 Optimization results with the parameters of the corresponding optimum structures

Structure parameters/mm MOGA Num.
Item Deviation/%
e F) L P result result
Optimum Nu /Nustructure 4.00 418 39.6 432 Nu INu,=2.933 2.926 0.24
Optimum TPF structure 3.21 3.88 39.6 43.2 TPF =1.352 1.338 0.10
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Fig. 10 Contours of different structures (Re=50500)
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