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A Proposal of Hybrid Cooling System Coupled with
Radiation Panel Cooling and Natural Ventilation
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ABSTRACT: In order to saving the energy for HVAC system of buildings, utilization of
wind~induced cross ventilation is thought to be promising. However, utilization of natural ven-
tilation alone is not sufficient for maintaining the human thermal-comfort such as in hot and
humid regions. A hybrid air conditioning system with a controlled natural ventilation system,
or combination of natural ventilation with mechanical air conditioning is thought to overcome
the deficiency of wind-driven cross ventilation and to have significant effects on energy re-
duction. This paper describes a concept of hybrid system and propose a new type of hybrid
system using radiational cooling with wind-induced cross ventilation. Moreover, a radiational
cooling system is compared with an all-air cooling system. The characteristics of the indoor
environment will be examined through CFD (Computational Fluid Dynamics) simulation, which
is coupled with a radiation heat transfer simulation and with HVAC control in which the PMV
value for the human model in the center of the room is controlled to attain the target value.
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Fig. 1 Concept of hybrid cooling system.
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Fig. 2 Detail of dehumidifying radiation panels.
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Fig. 3 Office model for CFD simulation (by CFD, half space of the symmetric office module).
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Table 1 Boundary conditions for CFD simulation

Natural Inflow openi Kin=3/2(Uin X 0.05)* [m?/5%], &mn= Cikin”*/lin (m%/s°],
pening . . . . .
Cross lin=width of the opening [m], Ti\n=21C, Ui : velocity of inflow [m/s]
ventilation Qutflow opening Vel. : Mass balanced, Kou, €ar, T, AH : Free slip
Under floor Supply outlet Kin=3/2UinX 0.05), &n=Cukin" /lin, lin=width of the opening
AC Exhaust opening Static pressure O at ceiling
Velocity Generalized log-law, free slip at symmetric plane
Surface temperature is determined from the heat balance at the solid
Temperature surface through radiation and conduction simulation.
Convective heat transfer coefficient is fixed at : Radiational-panel : 5.5,
Comouter : 20.0, others : 4.0 [W/(m®C)]
Wall, 1. Human model : Emission rate of sensible/latent heat is changed based
radlatlxo::(lj— on energy balance of human.
p?ﬁﬁman 2. Radiational-panel : AH (Absolute Humidity) is given corresponding to
model . the saturated vapor pressure, when the surface temperature of the ra-
Humidity .. . . :
diational-panel is lower than the dew point temperature of the air and
condensation occurs. In other cases, gradient of AH=0. Humidity trans-
fer coefficient is calculated based on Lewis Relation.
3. Other walls : Gradient of AH=0
Emissivity of radiation; Wall, human model : 0.9, Symmetrical plane : 0.0
Mesh system CFD : 71 (X;) % 27 (X3) X12 (X3), Radiation : 31 (X1) X 12 (X3) X 8 (X3)
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Table 2 Cases analyzed and their heat load conditions

Case

Case 1

Case 2

Heat sources (W)

Human body (1 body) : 120, Lighting (4 units) : 400, PC. (4 units) : 800,
Floor (4 human body) : 480, Solar heat (window) : 225

Natural cross ventilation

Temperature : 21.0 C, Relative humidity : 60.0%, Air flow rate : 505.0 m’/h

Radiational panel™ Size (m?)

9.2

Air flow rate (m¥%h)/

Under floor AC™ | Air velocity (m/s)

230.0/0.8

Relative humidity (%)

80.0

* Sensible and latent heats from humans are assumed to be provided from one human model and the floor.
** Radiational panel surface and under floor AC temperatures are modified to obtain the target PMV value (=0.5)

for the human model in the center of the room through coupled CFD simulation.
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(b) Case2 (Average temperature : 24.4C)

Fig. 5 Temperature distribution.
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Fig. 6 Relative humidity.
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