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ABSTRACT: The purpose of this study was to investigate the interactions between the thermal
factors in existing thermal control methods and to find out the control logic that can create more
comfortable thermal conditions. For it, four thermal control logics were developed : conventional
temperature-based control; temperature-based and humidity-based control; PMV-based control;
and TS-based control. Their performance was comparatively tested in the U.S. typical 5-story
office building in two climate zones (Detroit, Michigan and Miami, Florida) for two seasons (winter
and summer) incorporating IBPT (International Building Physics Toolbox) and Matlab/Simulink.
Analysis on the thermal conditions and energy efficiency revealed that each control logic created
comfortable conditions for their respective target, i.e., temperature, humidity, PMV or TS, but
uncomfortable for others (e.g., temperature-based control logic maintained PMV or TS uncom-—
fortably or vise versa). In addition, energy efficiency was significantly different by logics. In
conclusion, it can be said that the overall thermal comfort can be improved by the adoption of the
PMYV and TS as a target variable and their economical benefits are expected in the hotter climate
zones with the reduced cooling and dehumidifying energy consumptions.

Key words: Thermal controls(€ 27 A]¢]), Predicted mean vote(el* B 297}, Thermal
sensation(2 < 7}), Control logic(A o] Z7)
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Heating Heating Cooling Cooling Cooling Heating ) g
END
Fig. 1 Logic for air temperature controls.
Current
Indoor Humidity
‘Humidifying O} m
? ON?
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Humid Humid Humid Humid
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STOP CONTINUE STOP CONTINUE START START Do Nothin:
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Fig. 2 Logic for humidity controls.
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no

PMV (TS) PMV (TS) PMV (TS)
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(TS) increasing range
2
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STOP CONTINUE STOP CONTINUE START START
PMV (TS) increasing PMYV (TS) increasing PMV (TS) decreasing PMYV (TS) decreasing PMV (TS) decreasing PMY (TS) increasing Do Nothing
operation operation operation operation operation operation
END

Fig. 3 Logic for PMV or TS controls.
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Table 1 Descriptions of a test building

Area 1,500 m*(300 m® each floor)
Walls R1.43
Insulation Roof R2.79
oK/ W Floor R2.02
Windows R0.61
Envelope Doors RO.2
. 0.25
Window

(South : 0.3, North : 0.2,

Wall Ratio
East : 0.3, West : 0.2)
People : 9,340 Watt
(115 Watt/91x82¢21)
Sensible Lightings : 93,600 Watt
Internal heat (62.4 Watt/m?x1,500 m?)
loads Appliances : 15,000 Watt
(95~12.6 Watt/m*x1,500 m?
Latent 4.1 Kg/hr
heat (0.04~0.06 Kg/hrx<%1x8221)
Ventilation/ 0.35 ACH

Infiltration (tight construction)

Convective heating and cooling :
80,000 Watt heat supply,
95,000 Watt heat removal
(Detroit, Michigan, USA)
142,000 Watt heat supply,
51,000 Watt heat removal

(Miami, Florida, USA)

Humidifying and dehumidifying :

12.5 Kg/hr moisture supply
20.9 Kg/hr moisture removal
(Detroit, Michigan, USA)
5.0 Kg/hr moisture supply
21.0 Kg/hr moisture removal
(Miami, Florida, USA)

TMY?2
(Detroit, Michigna and
Miami, Florida, USA)

Systems applied

Weather data

Initial air temperature : 23C
Inintial humidity : 45%
MRT = air temperature
Air movement : 0.0 m/s
Activity level : 1.0MET

Clothing level : 0.9CLO(winter),
0.5 CLO(summer)

Assumptions
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Fig. 4 Profiles of air temperature, humidity, PMV and TS of developed logics
(Jul. 03, Detroit, Michigan, USA).
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Fig. 5 Relations between PMV and air
temperature in winter.
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Fig. 9 Comfort periods in winter
(Detroit, Michigan, USA).
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Fig. 10 Comfort periods in summer
(Detroit, Michigan, USA).
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Fig. 13 Heat and moisture supply in winter
(Detroit, Michigan, USA).
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Fig. 14 Heat and moisture removal in
summer(Detroit, Michigan, USA).
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Fig. 16 Heat and moisture removal in
summer(Miami, Florida, USA).
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