Korean Journal of Air-Conditioning and Refrigeration Engineering
Vol. 29, No. 9(2017), pp.472-481

ISSN 1229-6422(Print), 2465-7611(Online)
http://dx.doi.org/10.6110/KJACR.2017.29.9.472

- _— = D~ P

2x melole{§ 0|88 B 2Y |k HISH Lhy AjAH
C

==

Simple Modeling of Floor Heating Systems based on Optimal Parameter Settings

uk 2 % (Seung Hoon Park)', 284 (Yong Sung Jang)’, 7€)% (Eui-Jong Kim)"

sttt ekl ‘GsHA VEAT A, sk eta

lDepartment of Architectural Engineering, INHA University Graduation School, Incheon, 22212, Korea

ZGS E&C Building Science Research Team, Yongin, 17130, Korea
3Department of Architectural Engineering, INHA University, Incheon, 22212, Korea

(Received July 25, 2017; revision received August 23, 2017; Accepted: August 29, 2017)

Abstract Radiant floor heating systems have been used as common heating supply systems in most residential buildings
in Korea. Since the system uses a floor as thermal storage, proper control strategy should be adopted to avoid over-
or under-heating problems. So far, studies related to control of the floor heating system have been conducted based
on computer simulations. The active layer in TRNSYS is known for its usability as a floor heating system model
and is integrated with the TRNSYS building model (Type 56). However, floor heating system simulations with the
active layer are operated only if pre-defined minimum mass flow rate is ensured. This study proposes a simple RC
(Resistance-Capacitance) model for radiant floor heating systems. Model parameters such as Rs and Cs are defined
by optimization. The active layer, in this study, is used as the target system to search for optimal values. A TRNOPT
optimization tool was used to conduct optimization under given simulation conditions. The RC model with optimal
parameters are tested in other mass flow rates that were not used during optimization. Results reveal the RC model
describes the active layer with successfully optimized model parameters. The RC model has fewer model limitations,
and is expected to be used for various target systems, e.g. experimental data of a real radiant heating system.
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Table 1 Summary of previous work related to control strategies for radiant floor heating(or cooling) systems
Methodology
Authors Control Strategy - - -
Simulation Experiment
Cho, S. H. and M. Zaheer-uddin.®)  Model predictive TRNSYS Vv
Weitzmann, P. et al.® * On/Off FHSim
Ibanez, M. et al.0? * Indoor temperature TRNSYS
Song, D. S. et al.UD * Outdoor reset with indoor temperature feedback TRNSYS N4
Memon, R. A. et al.0? * Indoor temperature feedback TRNSYS

Chen, T. Y.®

* General predictive
* On/Off
* PI control

By modelling

* On/Oft bang-bang

Lim, J. H. et al.® * Variable flow By modelling v
* Outdoor reset with indoor temperature feedback
Mazo, J. et al.(® * On/Off Energy Plus N4

Laouadi, A. et al.(¥

* Model predictive

By modelling

Hong, H. K. and Kim, S.('®

* On/Off
* Constant flow

TRNSYS, EES

Yeo, M. S. et al.(®

* Outdoor reset
* Outdoor reset with indoor temperature feedback
* Flux modulation

By modelling

Choi, J. M. et al.0D

* Multi zone(proposed by their work)
* On/Off

TRNSYS v
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Fig. 1 Flow chart of modelling process for the floor-heating RC model with the TRNSYS Active layer.
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Fig. 2 3R2C model for a floor heating system.
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Fig. 3 Modeling assumption of the fluid portion of the floor heating system.
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Table 2 Input and output variables and parameters of the 3R2C model
Letter Description Zone 1 Zone 2 Unit
Abpipe Inner pipe cross sectional area 2.01x10" 2.01x10" m’
Av  Floor surface area 4934 20.89 m’
Cr Fluid thermal capacity Optimizing Ki/m’ - K
Cw Floor thermal capacity Optimizing ki/m’ - K
Rw Floor thermal resistance Optimizing m’ - K/W
Parameters Re Indoor thermal resistance Optimizing m’ - K/W
T'o Initial temperature of fluid medium Optimizing T
Two Initial temperature of floor medium Optimizing (¢
a Equivalent flow rate coefficient Optimizing -
cp Fluid specific heat 4.19 4.19 kl/kg - K
/ Overall pipe length of floor heating coil 208 116 m
w Floor slab thickness 0.18 0.18 m
Tr Indoor zone temperature Calculated by type 56 T
Inputs Ttin Fluid supply temperature of heating coil Data input(Fig. 5) (¢
m Fluid mass flow rate 400 250 kg/h
Or Heat transfer rate from 7w to Tt - - W
Outputs - - - -
Ttout Fluid return temperature of heating coil - - C
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Table 3 Active layer inputs for radiant floor heating

Active Layer inputs Zoon 1 Zoon 2 Unit
Inlet temperature Data input(Fig. 5) T
Inlet mass flow rate 400 250 kg/h

Floor area 49.34 20.89 m?
Min. mass flow rate 360 209 kg/h - m?
Number of fluid loops 20 20 -
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Fig. 4 Radiant floor heating zones(Left) and heating loads of zones(Right).
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Table 4 Parameters and constraint for optimization

Design . Zone 1 Zone 2

variables Unit Min. Initial Max. Min. Initial Max.
a - 0 1 2 equal to the left
Rr m’ - K/W 0.00794 0.07944 0.7944 0.013 0.13 1.3
Rw m’ - K/'W 0.00282 0.0282 0.282 0.0063 0.063 0.63
Cr kJ/K 0.001 103.52 0o 0.001 34.33 0o
Cw kI/m’ - K 0.001 2,400 0o 0.001 9,024.48 0o
Tro T 5 38.81 50 5 36 50
Two T 5 22 50 5 22 50
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Fig. 5 The result of optimized RC model compared with active layer(Zone 1). Two 25.75 €
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Fig. 6 The result of optimized RC model compared with active layer(Zone 2). Two 22.25 €
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Fig. 7 The result of case study for zone 1(m2 = 600 kg/h). Two 25.75 C
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Fig. 8 The result of case study for zone 2(m2 = 400 kg/h). Two 22.25 €
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