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SIMPLIFIED CFD MODELING METHOD AND ACCURACY VERIFICATION OF AIRFLOW
FROM CEILING-MOUNTED PERSONALIZED AIR SUPPLY TERMINAL
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The purpose of this study is to establish a CFD modeling method of the airflow from personal air supply terminal. First, the velocity dis-
tribution was measured by the hot wire anemometer to obtain boundary conditions and true value of CFD. Second, the accuracy of the CFD
is verified. To do this CFD, a large number of grids is required, which leads to large computational load and difficulty in analysing a large
space. Therefore, to decrease the number of grids without loosing accuracy, the momentum method and P.V. method are applied, and its anal-

ysis accuracy is presented.
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Table 1 Recorded Mean Velocity and Estimated Turbulent Statistics
to be Applied for Inlet Boundary Condition of CFD

ID X [mm] Vx [m/s] Vy [m/s] k [m?/s?] | & [m?/s%]
1 -20.25 0.290 4.42 0.692 14.8
2 -18.00 0.386 4.80 0.784 20.3
3 -15.75 0.532 5.06 0.813 234
4 -13.50 0.612 5.18 0.866 243
5 -11.25 0.666 5.25 0.918 243
6 -9.00 0.680 5.28 0.957 25.8
7 -6.75 0.693 5.27 0913 25.8
8 -4.50 0.696 5.05 0.873 24.0
9 -2.25 0.608 437 0.893 25.1
10 0.00 0.340 3.75 0.676 21.0
11 2.25 0.301 4.36 0911 27.3
12 4.50 0.254 4.76 0.875 23.3
13 6.75 0.199 4.83 0.881 25.0
14 9.00 0.155 4.94 0.952 26.4
15 11.25 0.135 5.03 1.020 28.7
16 13.50 0.200 5.24 1.037 28.4
17 15.75 0.333 5.30 1.030 27.3
18 18.00 0.555 5.28 1.036 24.8
19 20.25 0.781 5.07 0.976 23.7
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Fig.4 Velocity Vector Plots along the Central Line at Outlet
Surface obtained by X-type Hotwire Probe
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Table 2 CFD Analysis Condition

Calculation Domain 2,600 (X) 2,300(Y) 1,500 (Z) mm
CFD code ANSYS Fluent 17.0
Algorithm SIMPLE

Discretization Scheme QUICK

for Advection Term

Each component of velocity, k and &
Inlet . .
(obtained from hotwire measurement)
Boundary Condition Outlet | Gauge pressure : 0 Pa
Wall | Based on Generalized Log Law
Standard k-¢ Model
Turbulence Model SST k- Model
Reynolds Stress Model
Total Number of Cells 1,121,868
O 6 0 T T T T T
Reference : —» 1.0 [m/s]
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Table 4 CFD Analysis Condition

Supply Direction Vertical / Diagonal
Computational Domain 2,600 (X) 2,300 (Y) 1,500 (Z) mm
CFD code ANSYS Fluent 17.0
Turbulence Model Standard k-¢ Model
Algorithm SIMPLE
Vertical
Detailed | 100 mm | 50mm
u 0.00 0.00 0.00
v 4.93 0.78 3.14
Inlet w 0.00 0.00 0.00
k 0.90 0.90 0.90
e 24.4 24.4 24.4
Diagonal
Boundary Condition Detailed | 100 mm [ 50mm
u 241 -0.38 -1.53
v 4.93 0.78 3.14
Inlet w 0.00 0.00 0.00
k 0.90 0.90 0.90
e 24.4 24.4 24.4
outlet Gauge pressure : 0 Pa
Wall Based on Generalized Log Law
Total Number of Cells [ 1121868 | 18,630 | 77221
e vk
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Personal air conditioning system is an air distribution method to provide a satisfactory thermal environment. The purpose of this study is
to propose a CFD modeling method of the airflow from personal air supply terminal. As the first step, a full-scale experiment was conducted
under the isothermal condition, where a personal air supply terminal was installed on the ceiling. The supply airflow rate was regulated at 28
m’/h. In the experiment, 2-D velocity was measured using a X-type hot-wire probe, and turbulent statistics were measured using an I-type hot-
wire probe. The experiment was conducted to obtain boundary conditions for CFD and to obtain true value for accuracy verification. Second,
CFD analyses using Standard k-¢ Model (SKE) , SST k-w Model (SST) and Reynolds Stress Model (RSM) were performed, and SKE and SST
showed good agreement with experimental result as shown in Fig.9. To perform this Detailed CFD analysis, a large number of grids is required,
which leads to large computational load and difficulty in analysing a large space. Therefore, to decrease the number of grids without loosing
accuracy, two CFD modeling methods were applied in this paper, i.e., momentum method and P.V. method. The analysis using these two meth-
ods was performed, and the accuracy was verified by comparing the result with that of above-mentioned detailed analysis. As the result, in the
case of S0mm-mesh, the decrease of the accuracy was not significant because the number of grids is relatively large. On the other hand, in the
case of 100mm-mesh, the accuracy was greatly decreased if no modeling method was applied. However, the accuracy was obviously improved

by using the momentum method and P.V. method as shown in Fig.12 and 13.

The conclusions obtained in this paper are summarized as follows.

(1) In the accuracy verification where the experiment was compared with CFD, both SKE and SST showed good agreement with the experi-
mental result regarding average 2-D velocity distribution on the central section. However, RSM overestimated the diffusion of momentum,
and consequently showed the tendency to underestimate the reach of air flow compared to the experimental value.

(2) In the CFD analysis using the Momentum method, the accuracy is not sufficient if compared to the detailed analysis. However, the tenden-
cy of the velocity distribution was quite similar to that of the detailed analysis. In the case of a 100-mm mesh, the improvement of accuracy
by CFD modeling becomes large if compared to the case of 50-mm mesh.

(3) It was confirmed that the P.V. method had better accuracy of velocity distribution if compared to the momentum method, and that the reach-

ing distance of 0.5 m/s was well agreed with the detailed analysis in the case of diagonal supply.

As a future prospect, CFD analysis for a large office space where a large number of personal air terminals are installed is to be conducted to

study the influence of each air flow of personal airflow and the influence on ambient air flow.



