A AF e S =E g A 10 A 4 5, pp.223-233

ZEHA S HES HEANO) 28 HALR DI

A Numerical Analysis on the Optimum Design of a Duct with Multiple Outlets
in a Medium Bus
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ABSTRACT

The air distribution duct with multiple outlets is an essential part of automotive air-conditioning system in a
bus. The estimation of airflow rate in an automotive air-conditioning duct is typically very complicate due to
large variations in cross-sectional area and abrupt changes in flow direction, as well as unbalanced
distribution of the flow. In this paper, the flow characteristic in a duct with multiple outlets is investigated
through experiment, CFD simulation and a one-dimensional simulation. Numerical simulations have been
performed for two simplified air conditioning ducts with multiple outlets used in a medium bus. The three
dimensional Navier-Stokes code was used to evaluate the overall pressure, velocity field, and distribution rate
at each diffuser according to the change of various design parameters such as ratio of cross-sectional area and
radius of bifurcated region. In addition, a one-dimensional program based on Bernoulli equation was
developed to obtain optimum diffuser area required to equalize discharge flow rate at each outlet. As a result
of this study, optimized diffuser area of design variable by one-dimensional program was very reasonable as
compared to the trend deduced from CFD Simulation. Therefore, the simple and convenient one-dimensional
analysis developed in this study can be applied in practical design procedure for air-conditioning duct.
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SECTION C-C

Base Model : Without Blocks
CASE 1 : Tapered Model(B/A=80%)

CASE 2 : Li=L,=1/4H(for all holes)

CASE 3 : L=1/4H, L,=1/8H(for holes No.1),

L=L,=1/4H(for hole No.2 & No.3)

CASE 4 : L,=Ly=1/8H(for hole No.1), Li=Ly=1/4H(for hole No.2 & No.3)

Fig. 1 Straight duct mode! with multiple diffusers
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Fig. 2 T-type duct with multiple diffusers
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Fig. 3 The types of minor loss in a duct
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Fig. 4 The flowchart for the one-dimensional analysis
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Fig. 12 Comparison of flow rate in a T-type duct model
with optimized diffuser area

Table 2 Flow rate from CFD simulation with optimum
diffuser area and the error against the result of
one-dimensional optimization

Diffuser Flow rate(mz/min) Error(%)
1o. 1-Dim. CFD
1 1.875 1.753 6.5
2 1.875 1.794 4.3
3 1.875 1.897 -1.2
4 -~ 1.875 1.949 -3.9
5 1.875 1.959 -4.5
6 1.875 1.969 -5.0
7 1.875 1.936 -34
8 1.875 1.761 5.8
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