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Evaluation of Thermal Performance for Air-Barrier Air-conditioning System
in Perimeter Zone by Scale Model Experiment and Simulation
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ABSTRACT: For the purpose of evaluating the thermal performance for air-barrier air con-
ditioning system in perimeter zone, two air-conditioning systems, conventional perimeter air-
conditioning system and air-barrier system, are evaluated and compared by scale model ex-
periment and simulation during cooling season. As a result, measurement shows that supply
air velocity of 1m/s in the upstream direction at perimeter is more effective. Air-barrier sys-
tem could reduce the cooling energy by 10~20% compared with conventional system. Nu-
merical simulation was carried out considering solar effect for reliable result. This method has
improved the accuracy of numerical simulation for the space affected by the solar radiation.
Both measurement and simulation results show that supply air velocity of 1m/s at perimeter

is the most effective.
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Table 1 Detail of model
Model A Model B
Diffuser #1 m
(a) Plan of model Detail
4 % 7
Detail A" “A” = =
' Diffuser #2 ' ‘
900mm*20mm
ﬁ \ ( Detail"B* \ 8 ——— ——
8 . AL : Detail 8 ]
4 “g” [ |
\_ RA diffuser RA diffuser
Pair glass, reflect 30%
§ GTassui:slnslaII:d z:‘: by indoor § 900mm+20mm
g it i
Detail"C" . iffuser
/ - Access Floor /] Detail % %
g g 5 c zzz% EZ%
DT T T 1T 1 ¢
\\Lﬁ ‘J * Diffuser #1
_.l/ 1800 | Case-1 : Supply diffuser from return air
2000 Case-2 : Exhaust diffuser from upstream air

(b) Section of model
Fig. 1 Plan and section of model.

* Diffuser #2 : Supply air diffuser

* Diffuser #3
Case-1 : Exhaust diffuser from downstream air
Case-2 * Supply diffuser from return air
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Table 2 Specification of air handling unit

Capacity System Note
Heater 10,000 kcal/h Electric heater
Cooler 8,000 keal/h Compression type
Fan in interior 400 CMH Sirocco type Inverter control
Fan in perimeter 100 CMH Sirocco type Slidacs control

Table 3 Measurement condition

Case Azimuth Perimeter supply direction Air velocity
Case-1 Model A South Downstream 05~2m/s
Model B South Downstream 05~2m/s
Case-2 Model A South Upstream 05~2m/s
Model B South Upstream 05~2m/s
Table 4 Measurement item and location
Item Instrument Measurement point Note
Structure Thermo-couple Wall Interval 1 min
data logger
Temperature| 11 oor/Outdoor | Ondodori (TR72S) SA, RA, EA, 0A | Vertical/horizontal
temperature
Perimeter Multi-anemometer Perimeter Vertical 5 point

Globe temperature
Humidity
Solar radiation Pyranometer

Air velocity

Globe thermometer
Ondodori (TR72S)

Multi-anemometer

Representative point
SA, RA, EA, OA
Horizontal
Representative point

Air volume Pressure meter AHU
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Fig. 3 Temperature change (Case-1, Model A).
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Fig. 4 Temperature change (Case-2, Model A).
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Table 5 Average temperature distribution of perimeter (Case~1, Model A)

Measurement 1m/s 1.5m/s 2.0m/s
point tIC] A4t[T] t[C] 4t [TC] t[TC] 4t [TC)
SA 25.0 32 25.0 32 25.1 2.5

110 cm 326 —44 330 -48 306 -30
85cm 339 -57 34.1 -59 31.2 —-37
60 cm 323 —41 326 —44 304 ~29
35cm 32.1 -39 325 ~4.3 30.3 —-27
10cm 238 -16 299 -1.7 28.4 ~09

EA 28.2 - 282 - 275 -

* At=EA temperature— measurement point temperature



ol 2=
=

2dAy

FAHNE T HuEHE dojulE 3L E4F Pt

951

Table 6 Average temperature distribution of perimeter (Case~2, Model A)

Measurement 1.0m/s 15m/s 20m/s
point t[C] 4t[7C] t[T] 4t[C] t[C] 4t{C]
SA 236 4.3 249 39 26.2 19
110cm 249 3.3 271 1.8 295 -14
85cm 24.4 43 26.7 2.1 29.5 —14
60 cm 243 44 266 2.2 29.2 -11
35cm 239 47 26.1 2.7 28.8 -0.7
EA 218 - 288 - 28.1 -
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Fig. 5 Supply enthalpy change (Case-1, Model
A).
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A).
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Table 7 Simulation boundary condition

Item Condition
Radiation Radiation/no-radiation
Curtain porousness 50%
Supply air velocity 05~25m/s
. {Supply temp. 17°C
Interior -
Zone Return air Pressure boundary
condition condition
. Supply temp. 25T
Perimeter -
Zone Return air Pressure boundary
condition condition
Window Heat flux (solar condition)
Wall Measurement results
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Fig. 7 Simulation modeling.

(a) No-radiation

(b) Radiation

Fig. 8 Temperature distribution ( X=0.1m, 0.9 m).
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(a) No-radiation (b) Radiation
Fig. 9 Temperature distribution (Z=0.3m, 1.2 m).

(a) Air velocity 0.5m/s (b) Air velocity 1.5m/s (c) Air velocity 25m/s

Fig. 10 Temperature distribution according to perimeter supply air velocity.
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(a) Air velocity 0.5m/s (b) Air velecity 1.5m/s (c) Air velocity 2.5m/s

Fig. 11 Temperature distribution according to perimeter supply air velocity.
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Table 8 Temperature change in perimeter

Velocity 05m/s 1.0m/s 1.5m/s 20m/s 25m/s
Indoor temp. 244 235 22.2 225 229
Simulation Exhaust temp. 345 30.2 28.6 273 26.5
E.A-SA 95 5.2 36 2.3 15
Enthalpy 92 100 105 89 73
Measurement Down-stream supply 36 - 32 32 25 -
Upstream supply 5.0 43 39 1.9 0.94

* Elimination enthalpy =0.299xQx(E.A-S.A)
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