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Adaptability of one—dimensional analysis for the flow distribution

of a complex duct system
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ABSTRACT

The flow distribution characteristics in a complex duct system have been investigated in
this paper by three means, namely experimental measurement, numerical simulation and the
Extended T-method analysis. While the exit flow rates predicted by the three-dimensional
CFD calculation and those given by the experiment show a close agreement, the results from
the one-dimensional Extended T-method are found to differ from the experiment by -22.2%
to 26.3% for the various exits. These discrepancies may be attributed to the underlying
limitation concerning the fitting loss coefficients, which assume that the flow in front of the
fittings is fully developed. It is proposed that, in order to analyse the three-dimensional flow
distributions in a complex duct system by one-dimensional analysis such as the Extended
T-method, further improvements to the fitting loss coefficients should be made.
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Fig. 1 Schematic of the model duct system in present investigation. (unit:mm}
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Fig. 2 Photograph of the experimental device
for the model duct system.
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Fig. 3 Computational mesh for three-dimensional
CFD calculation of the model duct system.
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Fig. 4 Velocity vectors at middle plane of the

upper loop duct.
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Table 1 Fitting loss coefficient used the
Extended T-method calculation

No. Position C
to [b] 1.067
1 Tee of [2] o Yy
Elbow of [b] 1.375
Transition of [b] 0.496
to [d] 1.052
4 Tee of o 104
5 Elbow of [d] 1.479
to [e] 0.096
6 ) Teolld W 0| 20
7 Elbow of [e] 0.348
Elbow of 1.756
Elbow of 0.282
0 Wye of to 0.292
to 0.309
to [e] 0.625
11 |Tee of [e], o 0605
to @ 0.25

12 | Wye of o @ 005
13 Elbow of [i] 1.353
14 Transition of [1] 0.061
to 0.2

15 | Cross of to ® 2.52
to ® 252

16 Gate damper of 1.6
to @ 0.25

17 | Wye of

to 0.25
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Fig. 6 Comparison of the flow rates from
the exits of model duct system

between experiment and predictions.
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Table 2 Exit flow rates from three methods
and prediction errors based on
experiment result

Exit QIm*/h] e [%]

number| Q... | Qcro| Qer | ecro| esr
443 | 448 | 566 0.0 26.3
786 | 824 | 81.6 48 38
832 | 835§ 64.7 04 | -222
558 | 544 | 647 | -25 | 159
79.0 { 769 | 81.7 | 2.7 34
816 | 768 | 81.7 | -b9 0.1
759 | 76.7 | 706 11 -7.0
733 | 167 | 706 46 -39
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