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ABSTRACT

The purposes of present work are to analyze the convective heat transfer with three-dimensional Reynolds-averaged Navier-Stokes

analysis, and to optimize shape of the mixing vane using the analysis results. Response surface method is employed as an

optimization technique. The objective function is defined as a combination of inverse of heat fransfer rate and friction loss. Two

bend angles of mixing vane are selected as design variables. Thermal-hydraulic performances have been discussed and optimum
shape has been obtained as a function of weighting factor in the objective function. The results show that the optimized geometry
improves the heat transfer performance far downstream of the mixing vane.
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Fig. 1 Geometry and computational domain of 'PLUS7' mixing vane
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Table 1 Boundary condition
Boundary Value
Fuelrod Heatflux 0188251 [Mbtu/hr-ft’]
Inlet Velocity 16.4 [ft/sec]
Inlet Pressure 2250 [psil
Inlet Temperature 620 [°F]
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Fig. 2 Design valuables of 'TWIST' mixing vane

SHIAME:M122, 45, 2009



AR BCHEU HIER

ru

I ehedeE ARl vt g 2Y

4%
Fop) Ao BeH EE 2R AR AROR doiT ANES
olgsh Uue] 2elEAA 7|4l 1) Uk B2y A

< 53 vEd %k% ~r51 HA] FEEA AL a7 Y
& o] §= SRk B o] dEntezm o) g7tk e
Rhg-& E%B‘ﬂoi‘ﬂi Ao sl 2d 5 Y &
o] ‘%*EHEF 6H’f¢a ez O}v 23 ’Sﬂl"ﬂ HEEAAN 5E
&Rl

Z} R A= Q-‘H &Kregresszon
& Foto] LA l?ldr £ AT M ol&} gy

FAstH, o] B n& dAWs £
2L P, vk A=l Jlg= (nt1)(n+2)/20]), g8t
Hog o] Al Ay folg2RE LS &
Bto] 2t ol HAFTE AolA W HLe pAdeks
gl adt 25 A7) Yaf Fafd AeFS e s A
o] jolof Firk. o] £AAL Yo H Ao g
EQ1 CFX 11.004:Z ALg5te] 4Fx19d RANS )48 ARl

bl

Table 2 Dimensionless design variables range

o g 10° 15° 20°
%° -1, - -1, Oy -4, D
29° (0, -1 (0,0 (0,1
33 (1, -1 1,0 (LD

S A gel g
3 ¥ e A 7S Aol Hiske
AARE| g Bolok BTk, BarEAO WAL Aael 3
AR Qo AHg2e Pahudo] Farehh, & elof A 3

ARAYARZ YT AAIG TWIST Egheble] ofsiy
B FURe)Y QR FUAHE)E s desisd
Fig. 20 hehd wleh o] o ZHEt 71E8 Akl PLUST ] 2
Azt gialsh e XX AR} BHLATL Mok Welde) 2
Yztolol, s B YAolA 25° wakez 13 Mt
Mot wWolrlel Fzolct Egharle] Bdo] @it 3]

S8 AR

FRCIAME:M122, M4Z, 2009

U 9242 w4l YE S2E Yzt oelel dlday wEit
HESE AL W] U5kl 2 0,03 inch ol4ke] 713
2 SABEE g}, olF Eolod A4 WelE Fatgon|,

Table 29} 7ro} 2xpdst stgict

A gAY dstE Al 18shy] ¢ o
23 ol Aojstg o, Bl gho] A7} gl Hol
HHdAHo) HEE 3ot

Frjea=1/Fy+wF,
L Nu Tor
v = 2
o o Nu, Lfo (Tw T.) @
- dp ?

F.A—/( )% Lf as)

,p;

9} Aol A foh Nuts Zhz} ufaAlpe) 23 RAESE
R, PR R 2[R Azlo] ‘PLUST EhE7l7F HatE]
o] Q= AHE vebdch BHLw(T) W4 5(T,)
o zjojo} i LM ELL Al o) we)l FFE ghe
AEEETE L2 S0 AXdolold, 12 S IAE U

BRIt} o = AR ojfof] met 2-o) 7hadt ZHE Aol
430
1 334,310

[ 5 T . — Nodes : 499,699

@ — Nodes : 571,001

E D20 ARt N ] " ;709,395

2

=

Toas

&
0.10 —
GOS g

3
2 {inch)

(a) Swirlflow rate

- - ~ Nodes: 314,316
......... Nodes : 499,599
Nodes : 571,001

o
i
W

<
&2
=

Crossflow Rate
[]
Y
o

&
=3

2
fd
®

g

&
2 {inch}

(b} Crossflow rate

Fig. 3 Results of grid dependency test
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Fig. 5 Comparison between 'PLUS7" and optimized "TWIST'

Table 4 Results of Optimization

Table 3 Foy,., of opfimal TWIST' mixing vane (w = 1.0) Vane type|Averaged relative Nusselt number| Pressure drop [psil
Vane type Fopjeat No vane 1 1.42
PLUS7 2.00 PLUS7 1.4460 1.67
TWIST 1.87 TWIST 1578 1.76
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(a) Cross section of 'PLUS7’ at z=3.48inch
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Fig. 6 Velocity vectors for 'PLUS7' and 'TWIST [ ft/s ]
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Table 5 The comparison of mass flow

Cross section | Mass flow of 'PLUS7’ | Mass flow of "TWIST’

[ Ib/s ] [b/s ]

1 0.429% 0.9225

2 06275 1.0104

3 0.5825 1.0603

4 0.4473 0.8349
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(c) Cross sections at z=12.98inch

Fig. 8 Streamlines for 'PLUS7'(left) and "TWIST (right)
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