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Thermal Environment Analysis of a Classroom by CFD Simulation
to Determine Optimal Temperature Sensor Position in Ceiling
Type Air—Conditioning System
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Abstract : Nowadays,

SEAA)

the thermal environments of classrooms are usually adjusted by the ceiling type

air-conditioning system with a temperature sensor installed on inlet of an air-conditioner. However, it is not

clear that the conventional temperature sensor position is proper to satisfy both thermal comport and energy
saving in summer especially. Therefore, this study is aimed at finding out the best position of the temperature
sensor on the purpose of the comfort thermal environment and energy saving. The different 5 positions for the

temperature sensor are supposed in this paper to analyze thermal environment by CFD . From the analysis
through the CFD simulations, the best position of the temperature sensor satisfying for both comfort thermal

environment and energy saving is obtained.

71z &Y

x - Dimensionless axial coordinate

u : Horizontal velocity component(m/s)

C : Constants for the reynoles number in k-
¢ model

t - Time(s)

p : Pressure of fluid(N/m?)

¢  Turbulence dissipation(m?®/s®)

k : Turbulent energy(m®/s?

g+ Dynamic viscosity(kg/m - s)

o The bias value

i, - Component(j j = 1~3)
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Fig. 1 A numerical simulation model
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Fig. 2 Mesh in the numerical simulation

Table 1 Cases according to sensor position

Case Sensor position

Case 1 Inlet

Case 2 Door side

Case 3 Aisle middle

Case 4 Contiguity wall of aisle side
Case 5 Contiguity middle
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Table 2 Boundary conditions

Persons Modelf Student: 0.36m x0.34m x 1.446m

Volume Professor: 0.36mx 0.34m x 1.70m
Flow rate: 1680CMH
Ceiling type | Qow=Cp X ¥y X V X (Tave=Tin)
Air-conditionen Tin: Outlet temperature
system Tave: Inlet temperature

Control range: 23C 26T

Persons Heat 61kcal/h-person

Production
Initial temperature: 30C
Temperature | Outer temperature: 32C
Aisle temperature: 31T
Time Total time: 30min, time step: 0.Bsec

Table 3 Dimensions and coefficients of a classroom

Classification Contents
Dimensions 7.5m X 9.0m = 67.5m'
Ceiling height 2.7m
Window
X
(Double window) 1.om > 2.0m > 4EA
. Door 0.9m X 2.0m X 2EA
Aisle -
Window 1.5m X 2.0m X Z2EA
o Outer wall : 0.5 W/m'hC
Coefficient of Roof  : 0.35 W/mhC
heat transmission
Window : 2.9 W/m'hC
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Fig. 3 The average temperature of F.L+1.1m

Case® H1 2 HA 2E%& Fig. 49149 2ol
UEPG o™, Case 13 Case 2+ AAHXTHT} Yo}
Ae AL Bt uexdd HAAKXEE Hu
& A3}, Case 3°] 3Col3l2 71 3L Aoz
et} oot & AIE Case 3°] thE Casedl
vl 971 FeEu oA HELT JFE M
s e X0 gEQ Aoz Azt

Temperature( C )

Case3 Case4

Fig. 4 The maximum and minimum temperature of
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Fig. 5 The average temperature of F.L+0.1m
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Fig. 6 The average velocity of F.L+1.1m
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