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ABSTRACT

KEYWORD

Purpose: This study aims to analyze the design and performance of the HVAC system in a large-scale ~ CH=3 Of2{Lt

multipurpose arena, focusing on winter heating conditions, using the S-Arena as a case study. The objective is to

BzAlAY
L

propose an optimized design solution that satisfies thermal distribution in large indoor spaces and enhances energy Lrare 2y
efficiency. Method: The study utilized CFD simulations to analyze airflow and air temperature distribution the 2 M=35}
HVAC system. Key HVAC components of the S-Arena were evaluated in terms of their design and performance.

The placement and operating conditions of these components were configured to ensure uniform temperature Multi-purpose Arena

distribution and energy efficiency within the large space. Result: The CFD simulation results demonstrated that the

HVAC System
CFD: Computational Fluid Dynamics

HVAC system generally met the recommended airflow velocity range (< 0.5 m/s) and provided thermal comfort Heating Mode
while efficiently reducing energy consumption. Additionally, the system maintained a uniform temperature range  Temperature Stratification
0f 20.5°C to 22.0°C in central and activity spaces, ensuring thermal comfort for occupants. Localized airflow and

temperature deviations identified in certain areas were found to be improvable through design adjustments. The
proposed design was shown to operate efficiently under winter heating conditions, and the application of CFD
simulations demonstrated the feasibility of optimizing the system during the initial design stage.
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Guo et al.[12]:Z ot 219 F5+2 A&l A EnergyPluse}
CFDZ Agslo] A1a357]9 & Bae 883t 22 A AH 78 Table 1. Architectural information of S-Arena
= AT A9t B Tkeols w2 B HolAH, Ttem Details
E4ole 3x A LH H2rt stk 4 25kl of Location Seoul, South Korea
o} @edsto] Zofron Afif et al.[13]2 Q1= A|obe] th=2] A3 Total floor area Approximately 50,000m’
oA 2tAEH7] 7t Wt $H71-&(ACH) 6.145 245t 71 A4 g7 Building scale B2F/6F
flo|= 2% 371 &gho] 7hsstthe S gelstit Maximum height Approximately 45m
Lin et al.[14]Z ofo] AR o)A FE 4 & F7] o] 55 24 Ceiling height Central arena with a height of 35m
S, A5 72} 2% A AH O] AFS 2H8-0] o A] AH|Q} H&] A5 Structure Steel-reinforced concrete (SRC)
o 2 ¥F= mdE A< AT T2 AAES E O E ¢ Facade design Double skin fagade for energy efficiency
[15]o A= Theket 271 2af) A|A"lo] ofol AT ) 25 9 &5 Main uses Large-scale concert hall, multipurpose sports
T Bxof nAL ggke BASH, 94 A=3E 246D oy arena, commercial spaces, and cultural areas
2] G848 =9 2= 9= o] AA vk A A5kt Sresnll (kg Modular seating sc}llis‘::fsl: :igntf:exible layouts for
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Fig. 2. HVAC zoning and air distribution strategy for S-Arena
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122m(D), 44m(H)=

Item / Zone 1F Central zone

1~3F Central seating zone

4~5F Interior seating zone

System type
CDO: Conical Displacement Outlet SIN: Swivel Jet Nozzle SSD: Swivel Swirl Diffuser
Air supply method Vertical displacement type Sidewall jet type Vertical swirl type
- Suitable for high ceilings with low - Enables cooling up to 25-30m for - High air distribution efficiency
energy loss side seating - Dual-mode control (cooling/heating)
- Maximum throw distance of 40m - Precisely controlled discharge angle using an actuator
Features - Adjustable penetration depth using using an electric actuator - Prevents cold draft due to induced

electric actuator -
Optimized air distribution for
various purposes -
Requires minimal ductwork

Efficient noise suppression with
aerodynamic construction
External diffuser for high thermal
efficiency

air mixing

Simplifies installation by minimizing
ductwork

Ideal for local airflow requirements

- Q = 11,000 CMH/EA -

Q = 1,600 CMH/EA

Q = 892 CMH/EA, 833 CMH/EA

Technical data - 69dB(A) - 51dB(A) - 42dB(A)
- Max. Throw = 40m - Max. Throw = 30m - Max. Throw = 11lm
Heating efficiency A B A
Cooling efficiency A A A
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Fig. 3. CFD 3D modeling for S-Arena
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Table 3. Boundary conditions for CFD simulation

No. | Modeling Boundary conditions
@ CDO SA 11,000 CMH x 20ea
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- Seating area 120.28W/m?
- Grid number 7,092,534ea
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Velocity (mfs)

(b) CDO: Conical Displacement

Outlet (c) SIN: Swivel Jet Nozzle

(d) SSD: Swivel Swirl Diffuser

(e) JF: Jet Fan

Fig. 4. Analysis of CFD velocity field in winter heating mode
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(a) At 1.5m above the floor
in the central zone

(b) At 3.0m above the floor
in the central zone

(c) At 1.0m above the seat
in the central seating zone

Fig. 5. Air temperature distribution under winter heating mode
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(d) Longitudinal section of the arena

(e) Cross section of the arena

20
)
i)
rir
o
i
o
N
R=)
Mo
=2
[
L
N
Ju
EN
r_u

o] A sflof gt} Fig. 6(c)

A
o Zo], s £ 717 &£E& AR 0.2~0.3m/s2 Lreft 7
Ak 32 B FAGL S-S AT 4= glodct. ook, AR 7
T AE 1.0m/s9] 52 717 7E HEE gt ol B4 x4 a9
ojuf Fx AA G ARA o= FHo] HAT 4 ok

1% Ee U 5719 244

7|0l "ok, £4 2, Flg 6(d)et 2o, i
A= O.8m/54
7157} sh1Sj9lnt, o] BRE i §719] 51 g aato] I of
273 918-L oJulelel, 4338 oAk o] ARt L
HoiZch thik, 9% FAH9l | REEE 249 ezt gk,

ul7]e Fig 6(e) RRINL 717 S5 HEE
oI5 528 ASE A 8¢ s ol 999 15 A5t
0.2~0.5m/s2 YEeh, & o 2] 7} 3
HojZuy 9% 7719 1) 0.8m/se] &
T AL WA & QIR A, o]F %}3}7] QIR o2 7kA] A
Al MRS sholl A Aa3.

A o, ofeu 5o i REO|A 7] L= A =
A4E %1]%}—? A= A7 H910.2~0. 5m/s)°ﬂ &t 24 7o
3

P> -lo
rlr H '
ru

(©2025. Korea Institute of Ecological Architecture and Environment all rights reserved. 47



(a) At 1.5m above the floor
in the central zone

03

Fig. 6. Air velocity distribution under winter heating mode
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(b) At 3.0m above the floor
in the central zone

(d) Longitudinal section of the arena

(c) At 1.0m above the seat
in the central seating zone
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