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ABSTRACT: The optimal design method of indoor thermal environment using CFD coupled
simulation and genetic algorithms (GA) is developed in this study. CFD could analyze the
thermal environment considering the distribution of temperature, velocity, etc. in a room.
Therefore, It would be appropriate to use CFD for the optimal design method considering
their distribution. In this paper, the optimal design means the most appropriate boundary con-
ditions of the room among the conditions where the design target of indoor thermal environ-
ment is achieved. Two step optimal indoor thermal environment design method is proposed. It
includes the GA for searching the optimal indoor thermal environment design. To examine the
performance of this method, the optimal design of hybrid ventilation system, which uses the
natural cross ventilation and the radiation-cooling panel is conducted. The optimal design
which satisfies the design target (thermal comfort, minimum cooling load, minimum vertical
temperature difference) is found using two step optimal design method.
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Table 1 Organism and genetic algorithms

Organism Genetic algorithms
Genotype | TT, Tt, tt, -- (T : dominance, t : recessiveness) 000, 001, 010, ---
Phenotype Characteristics according to genes Conditions according to genes
Human race, type of flower, - Type of HVAC system, -
Fitness Ability of adaptation, - Efficiency of HVAC system, -~

Gene T, t, -

O’ 1,
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Fig. 3 Phenotype and genotype for optimal
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Fig. 5 Optimal indoor thermal environment design system.
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Fig. 8 Radiation panel installations (4 patterns).

Table 2 Functions for indoor thermal environment evaluation

. G(@) D@) N
Function (Weight function) (Evaluation function) |(Normalization function)
PMV of Human model When [PMV| <1:0.125 B
(4 bodies in total When [PMV] > 1: 00 1~ IPMVI 10
Cooling load 0.3 Quotat — Qpanel Quotal
. . When 4T <20:02 20— vertial
Vertical temperature difference When 4T > 20 0.0 |temperature difference 20

Qtotal - Cooling load of room, Qpane : Cooling load removed by radiation panel
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Table 3 Conditions of cooling load (units: W)

Solar radiation™ Lighting™

OA equipment?

Human® Total

500 600

1008 3308

*] Provided uniformly on the window surface, *2 Generated uniformly in the space, *3 The value
including sensible and latent heat. A cooling load for 4 out of 8 people (=0.25 person/m2) is
generated in the human model; the rest is generated uniformly in the space.
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Fig. 9 Process of optimal design investigation
using GA.
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Table 4 Optimal design candidates and their optimal values according to the first investigation

(GA) (top 11 figures)

D)t

Height: 0.1m
Single panel type
Surface temp.: 21°C

(1) No. 1:0919

Q, 0.5m
7,/ Single paneltype
/ 21°C

(3) No. 3:0.916

0.5m
Single panel type
21°C

0.5m
Single panel type
21°C

0.1m
Single panel type
21°C

0.5m
Single panel type
21°C

0.1m
Single panel type
21°C

0.1m
Single panel type
21°C

. 10 : 0.906

0.5m
Single panel type
21°C

(11) No. 11 : 0.906

The figures in the table indi-
cate numerical evaluation values
(Ewta) for the indoor thermal
environment.
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Table 5 Optimal evaluation values in the first
and second investigations

Evaluation value | Evaluation value
Order using GA using CFD
1 0.919 0.676
2 0.919 0.650
3 0.916 0.640
4 0.915 0.659
5 0911 0.631
6 0.911 0.203
7 0911 0.649
8 0.909 0.658
9 0.909 0.667
10 0.906 0.611
11 0.906 0.610




CFD Q4343 8% Snelze

S
~
N
v
v
i
‘4
‘
¢
‘
-
.

— 05m/s

(a) Velocity distribution (section)

o
Q

—
)

trever

i

i
sadidi
‘

DRI RN P I
N

Nevrvvorr s o
SRV N

1y

e g g VN — s gy

PR IPES L S PN

Voo 44 1o SRS~ A gy
VIR X ET

NI N R RET;

(a) Velocity distribution (section)

Gt AW A7 XA B8 a7 119

16 1st step: -0.02,-0.02
2nd step: -0.37,-0.38

A

(b) Temperature distribution (C)
(The figures are PMV of human
model in the first and second steps.)

Case with high optimal values (Table 4(1)).

1ststep: 0.02,-0.02
2nd step: -0.98,-0.10

(b) Temperature distribution
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