a OPEN ACCESS

Journal of the Korean Solar Energy Society
Vol.40, No.1, pp.25-33, February 2020
https://doi.org/10.7836/kses.2020.40.1.025

pISSN & 1598-6411
elSSN : 2508-3562

Received: 23 October 2019
Revised: 14 January 2020

Accepted: 14 February 2020

Copyright © Korean Solar Energy Society

This is an Open-Access article distributed under
the terms of the Creative Commons Attribution
NonCommercial License which permits unrestricted
non-commercial use, distribution, and reproduction
in any medium, provided the original work is
properly cited.

7124 HigESx A|AEN ORZH 9|7 dE2
80| I of|R]|AZ g0l 2et A+

BEE

LASOER 223et, 2as

A Study on Energy Saving Performance by Night
Purge Cooling with Pressurized Under Floor Air
Distribution System

Yoon Seong-Hoon'

Associate professor, Department of Architectural Engineering, Namseoul University

c orresponding author: aquila@nsu.ac.kr

Abstract

It has been reported about the energy saving performance of UFAD(under floor air distribution)
system and NPC(night purge cooling) system respectively which are applied for commercial
buildings. However, when two systems are used at the same time, the effect of heat transfer
from floor plenum to slab may vary depending on the operating conditions of NPC. In this study,
cooling energy demands were analyzed for building models with UFAD and NPC by using
TRNSYS 17 program. UFAD was applied as a cooling system of the base building model, and
the cooling energy demands were compared for 64 cases in which the operating time, supply
airflow rate, and outdoor air temperature(T,) of NPC. As a result, it was confirmed that the
cooling energy demands were reduced to 30 ~ 80% level compared to UFAD alone, and in
particular, the energy demand was reduced in proportion to the supply airflow rate or the
operating time while T, was 16 ~ 20°C. However, when T, was 22°C, the increase in the supply
airflow rate or the operating time results in a disadvantage in terms of cooling energy demands.
In addition, the cooling energy demands for UFAD+NPC model were analyzed by applying
weather data from three regions with different average outdoor air temperatures. As a result, the
cooling energy demand of operating NPC only when T, was below 20°C was reduced by 27%
compared to that of operating NPC continuously for 8 hours.

Keywords: HHE-5 A ARI(UFAD ;Under floor air distribution system), ©FFe] 7| JH(NPC ;
Night purge cooling), A&-3Z A AE(CBAD ; Ceiling based air distribution system), 1|1 Z]
Q% (Energy demand)
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Fig. 1 Conceptual drawings of analysis area and HVAC system of building
Table 1. Sizes of analysis area, heat gain and cooling condition
Size of analysis area Heat gain Cooling condition
. 2 . o
Floor area : 300 m People : 10 W/ Set temperature : 26°C
ting time : 07:00 ~ 18:00
Ceiling plenum : 0.8m Operating time
Equipment : 25 W/m® Airflowrate: 2,880 CMH (4 ACH)
Height  Offi : 2.4
o 1e¢ space m SA  Temperature : 16°C
. . . 2
Floor plenum: ~ 0.4m Lighting : 20 W/m Abs. humidity : 0.008 kg/kg

Journal of the Korean Solar Energy Society Vol. 40, No. 1, 2020

27



el ] =2l

Table 2. Thermal specification

Thickness  Thermal resistance Thermal capacitance Convective heat transfer
[mm] [m’K/W] [kW/K] coefficient [W/m’K]
ceiling 24 0.353 1.3
office side
floor 46 0.545 2.8 (ceiling & floor surface) 5.6
slab 150 4.726 21.9
. floor plenum side
virtual wall - 0.0001 0.0 (floor & slab surface) 27.8
2.2 Alzefopd =

Table 32 NPC] -8z HgtE & Al2eold 20& Yehdie 2o, 7FeARNEAARD, w71
&, 72l 37 FEER A7 471 9] vhE 2 295! 64 Case’S AAASHAL, oUAd 5] vl
= 5l NPCE HAI5HA] @42l UFADRE 280t 7} BElZEA] & 65 Caseo]l tiet Alg=o1 & AAISHAH. o
714 27| 2ot Bsit g, 7FeARE B 3718 Ee] A e gklsr] Sl Al 71 HlelH

AT DS 25(16, 18, 20, 22°C) A0 7 st A AX7I7ES 1784, time step 30& 7HH 02

Al

Table 3. Operation conditions of Night Purge Cooling

Operating time Airflow rate of Supply Fan OA temperature
2 hours (05:00 ~ 07:00) 1 ACH (720 m*/h) 22°C(T22)
4 hours (03:00 ~ 07:00) 2 ACH (1,440 m’/h) 20°C (T20)
6 hours (01:00 ~ 07:00) 3 ACH (2,160 m’/h) 18°C (T18)
8 hours (23:00 ~ 07:00) 4 ACH (2,880 m’/h) 16°C (T16)

3. 22t 24

314U 2ERE
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7o) Bt 2= 717 19.3°C, 26°C R, Zd o] L7 F AR F1tol| Hlel Bt 6.7C WA B/ =k et
Y99 JTESAD) NN ETEEFED 7S] B 2 AF5ES 0.2 [C/m]E, ol ASHRAES] UFAD 4
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Fig. 3 Temperature variation during 48 hours
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Fig. 4 Relationship between the airflow rate of supply fan and cooling energy demand
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Table 4. Simulation conditions with local weather data

. . Airflow rate
Case ID NPC operating condition . .
Cooling (day time) NPC
Case A N/A (without NPC) 2,880 CMH (4 ACH) -
Case B by schedule (23:00 ~ 07:00) 2,880 CMH (4 ACH) 2,160 CMH (3 ACH)
Case C by outdoor temperature 2,880 CMH (4 ACH) 2,160 CMH (3 ACH)

(under 20°C during 18:00 ~ 07:00)

8,000
7000 +
6,000 +
5000 T
4000 -+
3,000 +
2000
1,000

OChoon-cheon

B Dae-jeon

B Gwan-ju

Energy demand [KiWH]

Case A Case B Case C

Fig. 6 Cooling energy demands
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