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Control of Propeller Hub Vortex for Water Treatment Mixer
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ABSTRACT

In this study, the generation of the propeller hub vortex was analyzed and a PBCF(Propeller Boss Cap Fins) was designed

to control the propeller hub vortex. A RANS(Reynolds-averaged Navier-stokes) approach is employed to predict the hub vortex

characteristics. The hub profile is an important factor but only a small increase (1.9%) of efficiency was obtained with the hub

profile modification. The propeller hub vortex was eliminated by installing the PBCF and as a result, the propeller efficiency

was increased by 5.6%.
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Fig. 1 Schematic of computational domain
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Table 1 Propeller specifications

Conventional Propeller

Diameter [mm] 280 (D)
RPM 1150
Hub Tip Ratio 0.375

(a) casel (b) case2 (c) case3

Fig. 2 Profiles of propeller hub

medy sln GAo] uE sy Bus §50 BHL
Sistol x% e 71 0m AE BRGIAo) Qe Mol 331
iso-surface®]| Q-criterionS 7}A|&}5lo] HIWE 5191 W, Fig.
30| Z} caseo]] thsto] EASIGILE S|H Edk FHORE HE

S=ERAMDIHSE =28 M192, Hi2S, 2016



22| witr|e] ZZEy 5

S1F Wl 0|2 gtel RIS Awn, caselolH 713
O 4, asedlM 7MY e 4 RIS Holzch

(a) casel

(a) case2

(b) case3

(a) case3

Fig. 3 (b) Pressure contours (a) Iso-surface of Q-criterion

( Q-criterion value = 6000 [1/s%] )
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Fig. 4 Surface pressure contours
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Table 2 Performance of various shape of propeller hub

Torque Thrust Q P;,

Nl | N mind| ] |
casel 17.8 341.0 14.9 2139.8 0.264
case2 17.7 337.5 15.3 2126.8 0.269
case3 17.6 338.1 152 2121.1 0.269
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(a) cased

Fig. 5 PBCF

Table 3 Fins specifications

(b) case5

Fin chord length [mm] 80
Fin Number 3
Radius ratio (£2p;, / R, /R prop) 0.2
BT [ [ ] [ [T
Static Pressure: 7000 -6100 -5200 -4300 -3400 -2500 -1600 -700 200 1100 2000
(a) cased
(a) case5 (b) case5

Fig. 6 (a) Pressure contours (b) Iso-surface of Q-criterion

( Qcriterion value = 6000 [1/s%] )
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Table 4 Performance of various shape of PBCF

Torque Thrust Q P,

Nl | N min)| gy |
cased 18.2 353.1 14.9 22237 0.263
case5 17.6 338.0 16.1 2120.7 0.283
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Fig. 7 Surface pressure contours
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Fig. 8 Streamlines (colors represent velocity magnitude)
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