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ABSTRACT: The purpose of this study is to propose modeling method of Underfloor Air Distri-
bution System with reliability and validity by comparing characteristics of modeling methods. For
this, the modeling methods of UFAD were selected by investigating various modeling methods of
previous researches. Then, simulations were conducted by using EnergyPlus which is dynamic
analysis program of building energy. Annual energy consumption for each method was compared
with a wide range of indoor thermal loads. As a result, the methodology of reducing internal gains
can cause under sizing of the system. It suggests modeling methods to reflect occupied zone
air—conditioning, temperature stratification and supply plenum which are the main characteristics
of UFAD.

Key words: Underfloor Air Distribution System(H}533A]2~®]), Energy Performance(ol Y X4 %5),
Modeling Method(E 2 # W), EnergyPlus(o] Y X &g )
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Human : 70%
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Human : 100% Equip. : 70%

Human: 70%

<+— RA €> Heat Trans.
—» SA S\_~2 AirFlow

Heat Gain 4 “Plenum

(a) CBAD  (b) UFAD-1 (c) UFAD-2
Unoccupied Zone |_Unoccupied Zone | .
Light:100% | ¥~ Light:100% | *]~ Light:100%
| - § AAA
<— IRT Mat. RT Ma¥ Nag, vVvv
Occupied Zone Occupied Zone Room Air Model
Equip. : 100% Equip. : 100% Equip. : 100%
Human : 100% Human : 100% Human : 100%
- Plenum - Plenum - Plenum
(d) UFAD-3 (e) UFAD-4 (f) UFAD-5

Fig. 1 Conceptual diagram of modeling.
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ol UFAD-12 HAFZ W2 dH5S 1Htkst
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2 Ee] 50%E Fol A &3kt UF AD-2+
Table 1 Alternative of modeling
. O. P. T. A
Alt. Explanation 7 L S F
Ceiling Based Air
CBAD Distribution e
Apply Reduction
of Heat Gain
UFAD-1 (Human and Equip. 70%, O X
Light 50%)
UFAD-2 UFAD-1+Apply 0 0 x x
Supply Plenum
UFAD-3 Apply IRT material O 0 0O x
and Supply Plenum
UFAD-4 UFAD-3+Air Flow O O O O
UFAD-5 Apply to Room Air Model © O O O

Note) O. Z. : Occupied Zone.
P. L. : Plenum Heat Loss.
T. S. : Thermal Stratification.
A. F. : Air Flow.

o

A - A
Table 2 Simulation Cases

Case Light(W/mz) Equipment(W/m2)

Case 1 12.0 10.8

Case 2 16.0 10.8

Case 3 20.0 10.8

Case 4 12.0 16.2

Case 5 12.0 21.6
UFAD-1% a4 ZedS S sxdrh UF
AD-32& AAF 2} wiAFA S HARE] Fa7E s
Ho)4 F3k ARE T, BDS A4 94
g} A} 717 = ATl 2 AT A §

ot

UFAD-4= 7593 miAF9S A9d 53 A
g8 T8sta AFHe 77 vz
71¥ =% &9tk UFAD-5< EnergyPlusoﬂ A A
3l+= Room Air Model S ©]-838te] &5 2dldst3)
. O34 Jlae 2570, BFY 2 Swirl2 A A3
=3 H}G*Z«] —Zro 540 AT

e
Z

Return Fan

oA
Mixing

Cooling
e

Heating
cel

Ceiling

ek

v i
Electronic
Chiller

Zone
(12m*12m*3m)

Supply
Fan

-'»

Fig. 2 HVAC System Component.

- Water
Plenum
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NEe Agatdnt®  Ageeld 23 Arel B
4Lt} Table 3, Table 49} 2t}

Table 3 Simulation conditions

Item Condition
Set point Heating : 21C, RH 50%
e pomn Cooling : 26°C, RH 50%
Operation Weekday : 08 : 00~20 : 00
Time Weekend : Off
Moderately
Metaboli 130 W,
etabolic /person Office Work
. 9 Office
Light 12 W/m
enclosed
. 9 Office
E t 10.8 W,
quipmen /m Medim
0] t 9
ccup-an 0.05 person/m” Office Space
Density
Outd
00T 9888 CMH/person  Office Space
Air Rate
Infiltration 0.2 ACH
AHU : VAV System
Chiller : Elec., Air-Cooled, 12 kW
Boiler : 5k
HVAC oiler : Gas, 6.5 kW
Fan : SA-100Pa, RA-100Pa
Pump : Variable Speed, 0.25 kW
Supply Temp. : 16TC
Weather
Incheon, Korea(.epw)
Data

Table 4 Material properties

Surface THK. Cond. Densitgy Spec.heat
(mm) (W/mK) (kg¢/m’)  (J/ksK)
Access 0.09 450 1300
Floor
Ceiling 12 0.16 800 1090
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Table 5 Energy consumption(Case 1~3)
Energy UFAD-#/ Case #/

Alt. Case  Consump. CBAD Case 1
(G]) (%) (%)

Case 1 7.84 100.0 100.0

CBAD Case 2 9.18 100.0 117.1
Case 3 10.46 100.0 1334

Case 1 513 65.4 100.0

UFAD-1 Case 2 5.99 65.3 116.8
Case 3 6.95 66.4 1355

Case 1 5.04 64.3 100.0

UFAD-2 Case 2 594 64.7 1179
Case 3 6.79 64.9 134.7

Case 1 6.26 79.9 100.0

UFAD-3 Case 2 7.25 79.0 115.8
Case 3 8.15 77.9 130.2

Case 1 6.94 885 100.0

UFAD-4 Case 2 7.88 85.8 1135
Case 3 8.72 83.4 125.7

Case 1 6.82 87.0 100.0

UFAD-5 Case 2 7.85 85.5 115.1
Case 3 8.83 84.4 1295

Note) UFAD-# : Each UFAD Alt.,
Case # : Each Case.
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Table 6 Energy consumption(Case 4~5)

Energy UFAD-# Case #

Alt. Case  Consump. /CBAD /Case 1
(G)) (%) (%)

Case 1 7.84 100.0 100.0

CBAD Case 4 9.48 100.0 120.9
Case 5 11.08 100.0 141.3

Case 1 5.13 65.4 100.0

UFAD-1 Case 4 6.64 70.0 1294
Case 5 8.08 72.9 1575

Case 1 5.04 64.3 100.0

UFAD-2 Case 4 6.53 63.9 129.6
Case 5 8.06 72.7 159.9

Case 1 6.26 79.9 100.0

UFAD-3 Case 4 7.96 34.0 127.2
Case 5 9.54 86.1 152.4

Case 1 6.94 88.5 100.0
UFAD-4 Case 4 8.75 92.3 126.1
Case 5 104 93.9 149.9

Case 1 6.82 87.0 100.0

UFAD-5 Case 4 8.64 91.1 126.7
Case 5 1041 94.0 152.6

Note) UFAD-# : Each UFAD Alt,,
Case # : Each Case.
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Table 7 Temperature and energy consumption

Occupied Unoccup.

Plant System
Alt. Temp. Temp.
) (C) (M]J/day) (M]/day)
UFAD - os) 9704 3995 303
(Case 1)
UFADS o097 o738 4022 240
(Case 1)

—+— Alt. 5 Occupied Zone Temp. ====Alt. 6 Occupied Zone Temp.

Alt.5 Unoccupied Zone Temp —===Alt.6 Unoccupied Zone Temp.
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Fig. 3 Zone temperature(UFAD-4, UFAD-5).
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