318 AulFse=ey Al 15d Al 4 3(2003)/pp. 318-328

FAN T FTRYPANLDY 2R LAY B4

¢ "H A3 % 50 7 A
FadE @R TAA, BIAUAELTY AU AT

Numerical Analysis of Thermal Environments and
Comfort for Local Air Conditioning System

Tae-In Ohm', Nam-Ho Kyung®, Kee-Shik Shin®
Department of Environmental Engineering, Hanbat National University, Daejeon 305-719, Korea
"Environment Research Department, Korea Institute of Energy Research, Daejeon 305-343, Korea

(Received May 3, 2003, revision received March 14, 2003)

ABSTRACT: Numerical simulation using computational fluid dynamics (CFD) is performed to
calculate the velocities and temperature profiles of air in adjacent to a worker within the indi-
vidual local air conditioning system. The calculation domain is the space of - between walls
and a worker in the climate room. The fresh air is supplied from the three different inlets lo-
cated on the right, left and center wall in the climate room.

In this study, the calculated data of velocities and temperature profiles of air in the nearest
the skin of a worker are used to calculate the PMV (Predicted Mean Vote) for evaluation of
thermal comfort of a worker in the local air conditioning system. Because the data of velo-
cities temperature profiles of air in adjacent to a worker and the PMV of a worker are the
design parameters of the local air conditioning system. The results of calculation show that
the fresh air velocity and injection position are closely related to the PMV value. In individual
air condition system of -, the appropriate PMV are obtained when the fresh air velocity and
position are 1.0 m/s, throat of a worker and are 15m/s, head of a worker, respectively. The
method of numerical calculation is effective to obtain the optimum velocity and position of the
fresh air for optimum the PMV and energy saving in individual local air conditioning system.

Key words: Numerical simulation(#X] 2 A}), Local air conditioning system(=%&ZA|&H),
PMV (A2 7), Computational fluid dynamics(AAHSA 4 3)
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Fig. 1 Plane view of the climate room.
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Fig. 2 Schematic diagram of local air condi-
tioning system.
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Table 1 Boundary conditions

Boundary Conditions

Wall u=0, v=0, w=0, £=0, k=0
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€= 0, k°/(0.5D4) s

Outlet P= P, (pressure boundary)
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Fig. 5 Velocity vector on the plane of x=00m
(Inlet 2 : 1.0 m/s, level of the left inlet).
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(a) Front (b) Back

Fig. 8 Predicted temperature distribution on hu-
man skin (Inlet 2 : 1.5m/s, Unit : K).
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Fig. 9 Predicted temperature distribution on hu-
man skin (Inlet 2 : 1.0 m/s, Unit : K).
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(a) Front (b) Back

Fig. 10 Predicted temperature distribution on
human skin (Inlet 4 : 1.5 m/s, Unit : K).
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(b) Back

(a) Front

Fig. 11 Predicted temperature distribution on
human skin (Inlet 4 : 1.0 m/s, Unit : K).
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ZoA A B FRI oy FoldA 2%
18C, 71H&E 15 1.0m/s2 &8 4 PMV#
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2l WEFA 2% 15mfs, 25 ISCE ¥
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B PMV7E —0448<PMV<26742 A =}e] &

Table 2 Velocity, air temperature, PMV on the human body according to cold air velocity and

position variation

Human body position | Air velocity (m/s) nea?l ;kﬁmgfﬁmra(t ) PMV
Front 0.25 255 —-0.697
Throat | Back 0.15 255 —0.448
B _ Side 0.50 25.0 —~1.302
' P‘?S‘tt‘."“ ‘?fLCOId ar Front 030 315 1641
Velscitn o 1 g:]/ Belly Back 0.15 325 2.114
cloatly - Lom/s Side 0.40 2. —0.743
- Temperature : 18T
Front 0.25 320 1.869
Knee Back 0.10 34.0 2.674
Side 0.40 27.0 ~0.321
Front 0.22 265 —0.248
Throat | Back 0.15 26.3 —0.158
Side 035 2.0 —0672
'51 jjcté;‘; ‘?ng‘v’id air Front 025 330 2.269
. Belly Back 0.10 34.0 2674
Velocity : 1.0m/s Side 0.35 28.0 0.156
- Temperature : 18C
Front 0.20 315 1.703
Knee Back 0.10 335 2.498
Side 0.40 285 0315
Front 0.23 2.0 —0.461
Throat | Back 0.10 2.0 ~0.103
Side 0.60 265 —0.744
P ‘.’S‘tt‘."“ ‘_’fT°°ld ar Front 0.25 330 2.269
_ 1\’,‘:3‘]’;‘1‘:;’ . ;‘r’n/s Belly Back 0.10 36.0 3.384
- Temperature : 18C Side 035 285 0.363
Front 0.25 30.0 1.074
Knee Back 0.10 315 1.550
Side 0.40 2775 ~0.109
Front 0.20 27.0 —0.017
Throat | Back 0.10 75 0.411
Side 035 27.0 —0.259
i‘l’zgt‘;’; f’fo)‘;‘d arr Front 020 360 3451
on - Belly Back 0.10 36.0 3.384
Velocity : 1.0m/s Side 0.30 33.0 2.957
+ Temperature : 18T
Front 0.20 34.0 2.671
Knee Back 0.10 350 3.028
Side 0.30 30.0 1.028
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