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Computational Analysis of 3-D Turbulent Flow Separation
in a Vaneless Diffuser
(Comparison between Numerical Analysis and Momentum Integral Method)
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** Graduate School of Science & Technology, Nagasaki University,
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Three dimensional flow separation occurring in a vaneless diffuser at small flow rates was
analyzed by using the numerical simulation with the low Reynolds-number turbulence model (LRN
k-¢) as well as the momentum integral method (MI). Comparison between the LRN %-¢ calculation
and the experiment indicates quite a good agreement in the 3-D boundary layer velocity profile. The
numerical investigation shows that the LRN £-¢ calculation can predict the reverse flow in the
vaneless diffuser, while the MI-method behaves relatively poor although it captures the overall flow
pattern correctly. It is clarified that a small gradient in the inlet tangential velocity distribution with
respect to the diffuser depth is the key factor which dominates the reverse flow behavior in the
vaneless diffuser at small flow rates, as demonstrated in the experiment.
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Fig.1 Meridional section of test blower and
measurement points

EE T L ER BN E TR S ERB OB
BIEE /A L OBEMEZ R, EFHEEEICEIT
MEREZRA LN L. SO, PREHDIZEBT S
Vaxy MY z— I RNOOTHOKNRT £ 72—
FEBLEOWFRBORE IR ETHESLY, T 4
7 a—HFAOEIVRXOME L U TEMEMICTEMEL,
7, EESEMHRE LTEELOBRBRLINT
WEEE Oy HHE (L0 R A, HmaE ol x
JUX— I B L CERERICFE LT,

=
=

b F 47 a—FBKIE

kGl Rru¥—

ke © ERHICHBT HENT R —

R : ¥8W (=rr)
Res : LA JNVAE
D AOENIRX
D PIREEEE
D EREE
C BRENOTHR GRS EE
DR OEE
DA EE
D
D BERBAOFIER S W E
CERTT A7 2a—TIEE (=y/b)
S v a Ty REERED O O
D BEE DD OB
LR (R R RO OAE)
D BEEMBRRR OB F | b OAE
ERBRES
D BRELRE (=24p/pUH)

<
§3=SS§

'@o':éQQN‘c%s<

¢

Fig.2 Characteristics curve of test blower (1=0.147)
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Fig.4 Polar diagram of velocity vector in a skewed
boundary layer and triangular model[10]
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Fig.5 Comparison of velocity distribution between
experiment and calculations based on MI-
method and LRN k-¢ (¢=0.131, A=0.147)
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Fig.6 Comparison of 3-D boundary layer velocity
profiles between measurement, MI-method
and LRN k~¢ calculation, «: main-flow
component, w: cross-flow component
(¢=0.131, A=0.147)
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Fig.7 Change in reverse flow zone due to inlet turbulence intensity (¢=0.131, A=0.147; LRN k¢ Calculation)
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