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Modeling of an axial-flow-fan using non-dimensional swirl coefficient
Effect of an obstruction
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In order to hasten the thermal design for forced convection electronic devices, cooling fans should
be modeled to reduce a computational load. A fan-curve-model, which generates volumetric flow rate
according to the PQ curve, is very simple and usually incorporated into commercial CFD codes. However,
the conventional model can not specify the flow field at the outlet of a fan since the PQ curve has no
information on the flow swirling. Thus, in the previous report, it was proposed that the swirling force
acting on the flow by rotating the blades was modeled by introducing a non-dimensional “swirl
coefficient”, which is likely to be treated as a constant if the flow field is similar. In this work, the effect
of an obstruction in close proximity of the fan was investigated whether the flow field can be simulated

plausibly using the proposed model.

Key Words : Electronic Equipment, Thermal Design, Axial Flow Fan, Fan-Curve-Model, Flow Swirling

1. [FLC&HIZ

T HEARBARF A O CFD f#fT Y 7 b o = 7T, EH 7
7 UERRBET A0, —RIC Ty 'mTA” LIRS
RENHE IR TWD. Zhid, 77O PQEHEE S LIC
AIEDREEZFEIEDZILDOTHY, A V_XTEFDLY DH
BT 21T 5 2 L < Ty VAN A S I T &
HEVWIEEEZLSTWA., LOLARRG, Bko7 7%
FTIANEN L OO RSN H Y, 1IE LW RS L
AN S AN

MIESA D 1 D1, iz el S8 2 7 E8 ML ST
WHETH S, ZOEORTHIYTIE, JFAEOEOFEDH
NEBEE LT, “MRGTHERIJIMRE” AW REREOE
TIALFEERE L. EORE, J40~80 mm £ TOEL
D77 ThiUE, 77y OBESCRKE JITrrbbT, JE
[\ 1685 % Cy = 0.6 DELE L TRNEIEETE L2 &
R L7z.

KHTIL, 77 > OEFIZFEEM D RE S Vo 5E DT

ZATV, AT VORI OV THA L7z,

2. BWAE
21 Z7UETIEF K1 ICHMEEBIOA Yy a2
759, CFD fi##T121% CRADLE 4L SCRYU/Tetra % AV /-
7 7 > (40X 10 mm) 3 K OMRAT RIS AT RS & FkE
Thd. ok, 77 VIFZEARTET METEDLR, 22
TIXT 7 Y OMH OICFEIET 5 3 X o =%k
BRILTE D LI, IEOBREMIGAN TG E21T - 72

(M 1(@)zH). £, EEMOEEZT5720, K1 (a) D
£OIZ, B d=40 mm OMEELZ T 7 OWIAN 7 idH:
HaICeRE L.

fiEdT et > A 0 & H Oz, Fx o= o ERNS xS
Lle—#RefrE o 5 2 7 (EREE L L OHETSR)Z
). AEERORENT 20 TEFERETHD. A X THD
TERAEBE UTfBT 24T 5 R ERDBE HERL LIC
BHZENS QREBM), 77 o EETFMET DI & T

¥ domain exit

A

!
—EAfF
+ A
XH l /
-
__{~ domain inlet domain exit\\ T
: ¥
E
o =]
fan region i
2
10% 4
210 mm 210 men

(a) Computational domain

(b) Grid in the center cross-section (X-y plane, z = 0)

Fig.1 CFD simulation using fan-curve-model.

%549 Bl H AREN S RO T LGEHFR R (2012-5)



<7

domain inlet
//

domain exit T
i

¥

cylindrical obstacle t

fan region

210 mm

210 mm 210 mm

(a) Computational domain

(b) Grid in the center cross-section (x-y plane, z = 0)

Fig.2 CFD simulation considering the fan configuration composed of a frame and a rotating impeller.
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Fig.3 Comparison of PQ curve (obstacle at discharge side).
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Fig.4 Comparison of flow field
(obstacle at discharge side. a/d = 0.1).
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Fig.6 Comparison of flow field
(obstacle at suction side, g/d = 0.1).
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Fig.7 Flow field around a blade at r = 17 mm
(detailed simulation, without obstacle).
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Fig.8 Flow field around a blade at r = 17 mm
(detailed simulation, obstacle at g/d = 0.1).
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