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Evaluation of the Turbulence Models on the Aerodynamic
Performance of Three-Dimensional Small-Size Axial Fan
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Abstract : The steady-state, incompressible and three-dimensional numerical analysis was carried out to
evaluate turbulent models on the aerodynamic performance of a small-size axial fan(SSAF). The prediction
performance on the static pressure of all turbulent models is going downhill at the high static pressure and
low flowrate region, but has improved at the axial flow region. In consequence, all turbulent models predict
the static pressure coefficient with an error performance less than about 4% after the region of the flowrate
coefficient of about 0.14. Especially, the turbulent model of SST k-w shows the best prediction performance

equivalent to an error performance less than about 2% on the static pressure.

Key Words : Aerodynamic Performance, Flow Coefficient, Operating Point, Power Coefficient, Small-Size
Axial Fan(SSAF), Sliding Mesh, Static Pressure Coefficient, Steady-State, Turbulence Model
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Table 1 Specification of SSAF

Item Specification
Hub diameter 25
Blade depth 27.315
Blade thickness (mm) Max 2
Blade curvature radius (mm) 109.24
Chord length at tip (mm) 65.58
Chord length at hub (mm) 13.33
Blade inlet angle (°) 98.08
Blade outlet angle (°) 51.16
Blade rake angle (°) 5.14
Solidity at tip (-) 0.7591
Solidity at hub (-) 0.6789
Blade attachment angle (°) 24.28
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3 CATIA(VSRI18)E
2 2d839 01, SC/Tetra

< ©]83t Fig.
33 Z2e ALY AARdS HEA

B ATelMe SsAFe] E7iE dvid Aldst
A Uil AAsS vty wel FEASY
AEAS FRT & Jvka Fdste] AR 17]9]
3718 0.684 mm7bA HAIEHA JERNEE Az}
=2 A% A3 oF 9,318,968719] 22 (element)S
g olFAAE ALY AFEES Hs =
v g Az el Gt BA 452 A (dis-
continuous mesh) FHoll= 8430,93171] 84E
o] AFHEE stk =T o] FHAE Eo
7] 9l SSAFe} Mwhe-2 gl W W&

7)
7y ZE &5 (prism layer)S A YstHRomw, &
FAE AL&" AAarY 13°] HEE HE3)
At
2.2 FX7I1Y

2 AFoA 283 Fig. 19 AARAL Ay
B, dnlexol Ao ¥ FHe BE Hi
(no-slip)Zd o2 dAsdon, dTFHe 4H
ot RIE thdtA FAT F UEE Hd=x
Aoz, Igln EFTHL r|dEdesE 77t
AA3tATE = SSAFE 3|dA =ADE g3t

L

ey

Aom, 3HFE 2400 rpm 22 HASIAT
= AMLAAEe] ) F(convection)doll T
o] k&) (discretization)oll = 22} ¥ F(upwind)”]H
Agslgon, olitstd WA S d¥YrRA
= & AHEsHTH =
e oAM= BE HFEY S5
7178 He #ES o8&t MY +H
ZHFA7F 1.0x107Y W2
U, FExRAde vAA bz Tt
kil 2 A& Y A-gdde

o AL )
o Lo ot o 2 o po

PN

L

4 o
ot

where, a=0.59822569
b=-1.2635358
¢=34.311425
d=-25582473
e=68892.058
f=-981379.36
£=7930260.8

Stall ! Axial
T

0.4

| Symbol N(RPM)

o
©w

y,, static pressure coefficient

- 2400 h=-37559975
o 2600 i=1.0341126x10°
0.2 F A 2800 J =-1.5336968x10°
k=94775482
0.1
0.0 i 1 " 1 : " Il " A "
0.00 0.05 0.10 0.15 0.20 0.25 0.30

¢, flowrate coefficient
Fig. 4 Static pressure coefficient profiles versus
flowrate coefficient

v, =a+bg+cp’ +dp’ +ed + 1’ + g4° + hp” +ig® + jo° + k¢
where,a=0.59822569 e=68892.058
b=-1.2635358 f=-981379.36

o
o

0.5 c=34311425 g =7930260.8
Radial <—
d=-2558.2473 h=-37559975
i=1.0341126x10°
04 Stall ] J=-15336968x10°
k=94775482
0.3

- Symbol Index

. —> Axial
i
Curve Fit W H

y,, static pressure coefficient

—0— Standard k-¢ 1
02F o WPk :
—A—  Realizable k-¢;
01F v RNGke i
—%— SST k-0
N(rpm) = 2400
0.0 'l 'l Il
0.00 0.05 0.10 0.15 0.20 0.25 0.30

¢, flowrate coefficient
Fig. 5 Static pressure coefficient profiles

obtained by CFD analysis

3.1 REAI0 ME HetSY

Fig. 4= SSAFE 37}%] 3@5Hz 281954

=S H7IAISHLR] Hi8H Moz, 2014 128 15



o

3312 ABZRHO

oH

S M0 et HRREEIt

Table 2 Prediction results analyzed by STN k-¢ turbulence model

Characteristic | Static pressure coefficient(1),) Power coefficient()\) Static pressure efficiency(n,)
values
. Exp. Error . Exp. Error . Exp. Error
Séz\:fi:m( » Analysis | v fit) ) | AT [ curve fit| 6) | AT | curve fit| (%)
0.03 0.4596 0.559 16.96 0.1537 | 0.1784 13.51 8.94 9.2997 1.21
0.0816 0.3594 | 0.4537 15.77 0.1317 | 0.1553 12.92 2227 | 23.7656 5.04
0.1 0.3209 | 0.3966 12.66 0.1235 | 0.1445 11.51 2598 | 27.2189 4.17
0.1386 0.217 0.2483 5.24 0.0957 0.1205 13.58 31.43 29.5591 -6.3
0.1616 0.1704 0.1768 1.06 0.086 0.0943 4.53 32.02 272783 | -15.97
0.18 0.1333 | 0.1411 1.31 0.0947 | 0.1087 7.64 2533 | 24.1224 | -4.07
0.2158 0.1027 | 0.1059 0.53 0.0898 | 0.0988 4.92 24.67 | 234717 | -4.04
0.25 0.0521 0.062 1.66 0.0806 | 0.0934 6.99 16.15 | 16.7248 1.94
0.2795 0 0.0165 2.77 0.0717 | 0.0866 8.14 0 5.1114 17.21
Table 3 Prediction results analyzed by MP k-¢ turbulence model
Characteristic | Static pressure coefficient(1),) Power coefficient()\) Static pressure efficiency(7,)
values
. Exp. Error . Exp. Error . Exp. Error
Elzg:it:m(@ Analysis Curve fit (%) Analysis Curve fit (%) Analysis Curve fit %)
0.0622 0.4576 | 0.5012 7.29 0.1453 | 0.1661 11.4 19.3 18.6526 | -2.18
0.1 0.3607 | 0.3966 6.01 0.1256 | 0.1445 10.36 28.72 | 27.2189 | -5.06
0.1438 0.217 0.2298 2.15 0.0929 0.1168 13.07 33.58 29.2887 | -14.45
0.1743 0.1308 | 0.1501 3.22 0.0941 | 0.1093 8.31 2424 | 25.0719 2.8
0.18 0.1198 | 0.1411 3.57 0.0919 | 0.1087 9.18 2348 | 24.1224 2.16
0.25 0.051 0.062 1.85 0.0806 | 0.0934 6.99 15.82 | 16.7248 3.05
0.2813 0 0.0138 2.3 0.0711 0.086 8.16 0 4.2404 14.28
Table 4 Prediction results analyzed by RLZ k-¢ turbulence model
Characteristic | Static pressure coefficient(1),) Power coefficient()\) Static pressure efficiency(n,)
values
. Exp. Error . Exp. Error . Exp. Error
Sl(;\g’é‘:;f:m((ﬁ) Analysis Curve fit (%) Analysis Curve fit (%) Analysis Curve fit %)
0.0306 0.4576 | 0.5582 16.81 0.1503 | 0.1782 15.29 9.31 9.465 0.52
0.1 03213 | 0.3966 12.59 0.1193 | 0.1445 13.81 26.92 | 27.2189 1.01
0.1416 0.217 0.2376 3.44 0.0939 | 0.1184 13.42 3274 | 294214 | -11.18
0.18 0.1256 0.1411 2.6 0.0911 0.1087 9.61 24.8 24.1224 -2.28
0.25 0.053 0.062 1.51 0.0793 | 0.0934 7.7 16.71 16.7248 0.05
0.2804 0 0.0152 2.55 0.0708 | 0.0863 8.49 0 4.6994 15.83
de FFAsY AYAFES 249 ARyE , 71_210( ) iwi(yi_g)Z )
(curve-fitting) ZZ 13 <l TableCurveZD”)Oﬂ o3| i=1 i=1
T AN v gl 4714 F o ~
Aol AAEE st AR Ay 7w AL il 1,
(similarity)o] 2 f-% 1%% o & gitk o Ay HAS HOlE yel gy WA SR ye

S2)0] S5 (goodness, 17)& F 099830tk of  FolW, y& ygkol Hwolth T A (1)olA
1A 2e ABIE BAR ] BARADGA & P =1L 9xrt A Qe $uFe oudct
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Table 5 Prediction results analyzed by RNG k-¢ turbulence model

Characteristic | Static pressure coefficient(1),) Power coefficient()\) Static pressure efficiency(n,)
values
. Exp. Error . Exp. Error . Exp. Error
Séz\:fi:m( » Analysis | v fit) ) | AT [ curve fit| 6) | AT | curve fit| (%)
0.0597 0.4576 | 0.5045 7.83 0.1457 | 0.1669 11.61 18.74 | 18.2096 | -1.79
0.1 0.3568 | 0.3966 6.66 0.1246 | 0.1445 10.91 28.64 | 27.2189 | -4.79
0.1454 0.217 0.2244 1.24 0.0926 | 0.1155 12.55 34.05 | 29.1763 | -16.41
0.1735 0.1308 0.1515 3.46 0.0934 0.1091 8.57 24.29 25.2175 3.12
0.18 0.1214 0.1411 33 0.0914 0.1087 9.45 23.9 24.1224 0.75
0.25 0.0515 0.062 1.76 0.0806 | 0.0934 6.99 1595 | 16.7248 2.61
0.2814 0 0.0136 2.28 0.0711 0.086 8.15 0 4.1881 14.1

Table 6 Prediction results analyzed by SST k-o turbulence model

Characteristic | Static pressure coefficient(1),)

Power coefficient(\)

Static pressure efficiency(n,)

values

. Exp. Error . Exp. Error . Exp. Error

fé?gg::m( " Analysis | e it ) | AT [ curve fit| ©6) | AT | curve fit| (%)

0.0577 0.4576 | 0.5084 8.5 0.1477 | 0.1678 | 11.03 17.87 | 17.6453 | -0.76

0.1 03609 | 0.3966 | 5.97 | 0.1261 | 0.1445 | 10.09 | 28.61 | 272189 | -4.69

0.1454 0217 | 0.2243 1.23 0.0919 | 0.1155 | 12.93 3432 | 29.1748 | -17.33

0.18 0.1331 | 0.1411 1.35 0.0952 | 0.1087 | 7.37 2515 | 241224 | -3.46

0.25 0.0532 | 0.062 1.48 | 0.0803 | 0.0934 | 7.15 16.56 | 16.7248 | 0.56

0.2815 0 0.0136 | 227 | 0.0716 | 0.086 7.87 0 41738 | 14.06
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