a OPEN ACCESS

Journal of the Korean Solar Energy Society
Vol.44, No.1, pp.29-38, February 2024
https://doi.org/10.7836/kses.2024.44.1.029

pISSN : 1598-6411
elSSN : 2508-3562

Received: 19 December 2023

Accepted: 21 December 2023

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.

RESEARCH ARTICLE
=AY THO| Wg 2 Aok 2
&5lo0| o3

OfFe! - AR - BB

— Troo

1 5 =15
SEYeD AZBEY, Lue

20[sfoiAtThE HEEAAARBEHD, 24

3 fira 5 = 3 = 52|
FUZeBMoen A2EE AZIFeAUZ, Bl

Effects of Plenum Load on Cooling Capacity
Design of Ceiling Radiant Cooling Panels

Rhee Kyu-Nam' * Lim Jae-Han?  Ryu Seong-Ryong**

'Associate Professor, Department of Architecture Engineering, Pukyong National University
2pProfessor, Department of Architectural and Urbans Systems Engineering, Ewha Womans University
3Associate Professor, Department of Architecture Engineering, Kumoh National Institute of
Technology

TCorresponding author: archiryu@kumoh.ac.kr

Abstract

This study investigated the impact of the plenum load on the cooling capacity of ceiling radiant
cooling panel (CRCP) systems. A two-dimensional simulation model using Physibel BISCO
was developed to represent a small room (3.8 m (L) x 2.9 m (H)) equipped with CRCPs. To
analyze the plenum load impact depending on the CRCP type (top insulation, and open- or
closed-type installation), three cases were considered: closed-type with top insulation (Case 1),
closed-type without top insulation (Case 2), and open-type without top insulation (Case 3). The
simulation results showed that the presence of the plenum load increased the plenum air
temperature and caused the CRCP to absorb part of the plenum load, consequently leading to the
enhanced cooling capacity of the CRCPs. When the plenum load increased to 10% —20% of the
room load, the cooling capacity was enhanced by 7.9% ~ 16.8%, compared to the case without a
plenum load. This implied that CRCPs could be undersized when they are designed without
considering the plenum load. Furthermore, the cooling capacity showed a greater enhancement
in the CRCPs without top insulation (Cases 2 and 3) than in those with top insulation (Case 1).
Particularly, a higher cooling capacity was obtained with a higher water temperature when
applying CRCPs without top insulation. The results suggested that open-type CRCPs without
top insulation would be a good cooling solution for a room with a plenum because they are
suitable for removing the plenum load even at relatively high water temperatures.
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Fig. 1 Cross-section of the investigated CRCP
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Fig. 2 Simulation model of a room equipped with CRCP
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H:51] 20% (0 ~ 12 W/m’) 7] HAeH= 21 0 2 7Hgstet. Room B CRCP o] |0t £ 5] A1
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Table 1 Information of simulation input parameters

Component Dimension corggizrgjity Boundary conditions BISCO&Z(;undmy
Wall/Floor/Ceiling Thickness=0.1m  0.033 W/mK Adjacent to 26°C MATERIAL
Room Room air 3.6mx239m - he =5.5 W/m’K" BC FRES
Room load simulating layer 3.6 m x 0.01 m 380 W/mK Heat flux = 60 W/m® MATERIAL
Plenum air 3.6mx0.27m = he=5.5 W/m’K" BC FRES
Plenum Plenum load simulating layer ~ 3.6 m x 0.0l m 380 W/mK Heat flux =0~ 12 W/m>  MATERIAL
Aluminum sheet Thickness = 1 mm 160 W/mK MATERIAL
Water pipe Diameter =7 mm 1.4 W/mK MATERIAL
CRCP Conductive layer Thickness = 1 mm 380 W/mK MATERIAL
Insulation Thickness =18 mm  0.033 W/mK MATERIAL
Chilled water Tw =14 ~18°C® h.=3220 ~3520 W/m’K®  BC_SIMPL

1) Convective heat transfer coefficient
2) Chilled water inlet temperature
3) Convective heat transfer coefficient for internal flow (water flow rate = 0.033 kg/s, temperature = 14 ~ 18°C)
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Table 2 Evaluation cases for cooling capacity of CRCP considering plenum cooling load

Case 1 CRCP type Cooling load Water temperature
Room load Plenum load
Case 1-1 Closed type, with top insulation 60 W/m? 0 W/m® 14/16/18°C
Case 1-2 Closed type, with top insulation 60 W/m? 6 W/m® 14/16/18°C
Case 1-3 Closed type, with top insulation 60 W/m® 12 Wm? 14/16/18°C
Case 2-1 Closed type, without top insulation 60 W/m® 0 W/m® 14/16/18°C
Case 2-2 Closed type, without top insulation 60 W/m? 6 W/m® 14/16/18°C
Case 2-3 Closed type, without top insulation 60 W/m? 12 W/m? 14/16/18°C
Case 3-1 Open type, without top insulation 60 W/m? 0 W/m® 14/16/18°C
Case 3-2 Open type, without top insulation 60 W/m? 6 W/m® 14/16/18°C
Case 3-3 Open type, without top insulation 60 W/m? 12 W/m? 14/16/18°C

|
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Fig. 3 Temperature distribution of CRCP with plenum load
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Fig. 4 Evaluation results of cooling capacity
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Fig. 5 Cooling capacity, room and plenum temperatures
Table 3 Summary of simulation results
Case Room temperature Plenum temperature Cooling capacity Capacity increase ratio
Case 1-1 26.3°C 18.7°C 71.1 W/m® Baseline
Casel  Case1-2 26.5°C 21.4°C 76.7 W/m® +7.9%
Case 1-3 26.7°C 24.2°C 82.4 W/nm® +15.8%
Case 2-1 24.3°C 16.4°C 76.5 W/m® Baseline
Case2  Case2-2 24.4°C 17.8°C 82.9 W/m? +8.4%
Case 2-3 24.5°C 19.2°C 89.3 W/m® +16.8%
Case 3-1 21.6°C 21.6°C 76.7 W/m® Baseline
Case3  Case3-2 22.2°C 22.2°C 83.0 W/m® +8.3%
Case 3-3 22.7°C 22.7°C 89.4 W/m® +16.5%
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