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PG9801-0115

98-1403-04-0304

98-1403-04-0304

98 9701-10012
7,500
0%
() 100%
C )
100% 100% 0%
50% 50% 0%
7,500 7,500 100%
30,576 20,104 65.8%

Intelligent building, Calibration and traceability, Thermal comfort, Sensor

Peng , Gwo-Sheng.

Yang, Cheng-Tsair

(Metrology)

Quality of life in Taiwan is improving gradually in recent years and more demands
for residential environment with higher level of health and comfort are also desirable to
be achieved. The Architecture and Building Research Institute (ABRI) in Taiwan hadll
already drawn up criteria for physical parameters, such as acoustics, lighting, humidity,

heat and air flow, and these regulations must be met in order to qualify for Greenlf

Building and Intelligent Building certification. However, standard measurement




methods, operation procedures of field assessment, instrument calibration and standard|
traceability still need to be clarified before applying them to the indoor environment.
Thus the purpose of this project is to establish the measurements and standard operation
procedures for physical and physiological parameters and build up the ergonomic
database finally. For the short term of the research project, the inspection and
examination methods of indoor environement are focused. And the long-term goal is to
integrate the environmental physical and psychological parameters and also help to

achieve the balance of environement and human comfortability.
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(DTU) (ICIEE)
( 98.09.20-98.10.20)
(Technical University of Denmark,
DTU) (International Center for Indoor Environment

and Energy, ICIEE)

(
PMV(Predicted Mean Vote)
(ISO 7730) (ASHRAE 55))
ISO
ASHRAE fellow( Professor Bjarne Olesen
I[SO/TC159/SC5/WG1  thermal environments Professor Pawel
Wargocki ISO/TC159/SC5/WG6 Perceived air quality )

ASHRAE SSPC 55, Thermal environmental conditions for human occupancy (past
chair)

ASHRAE SSPC 62, Ventilation for acceptable indoor air quality

ASHRAE SSPC 113, Method of testing for room air distribution

CEN/TC89/WG 10, Moisture transfer calculations

CEN/TC122/WG11, Ergonomics of the thermal environment

CEN/TC156/WG12, Design criteria for the indoor environment (chair)
CEN/TC228, Heating systems (chair)

CEN BT TF 173, Steering group for standards related to European Energy

Performance of
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Buildings Directive (EPBD)

ISO/TC159/SC5/WG1, thermal environments (chair)
ISO/TC159/SC5/WG6, Perceived air quality

ISO/TC205, Building environment design

ISO/TC205/WG@GS, Radiant heating and cooling systems (chair)
DS S 154, Measurement of pollution in indoor air

DS S 313, Ventilation (chair)

DS S 316, Heating

(1) ISO 7730 ISO 7726 1ISO 14505 ASHRAE 55
5 ISO 7730

(ISO/TC159/SC5/WG1 thermal environments)
14505-4 Equivalent temperature by numerical manikin Human Modeling
Revision ISO EN 7933 Analytical heat stress index Revision ISO EN 13731
Definitions Guide for working practices for moderate thermal environments
Revision ISO EN 7243 WBGT-Index Revision EN 10551 Subjective scales
Revision ISO EN 7726 Instruments and measurements Working Practices for

hot environments Personalized environment

(2) ISO 14505-4
(Numerical manikin for vehicle) ISO model of human thermal
regulation
(3) ISO
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0001860 0
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98.02.18
98.02.25
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098 0001811
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(
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Crystal House
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E+E EE10-FT6

AHT301W

SIEMENS QFA3171( )

————

E ]

| @
() 0 to 50 -40t0 120 0to50/-40to 70 /-35 to 35
+ 0.6 (15 °C to 35 °C)
+04 +0.5
) +0.8 (40°C to 70 °C)
PT100 NA PT 1000
(%) 0 to 100 NA 0 to 100
+2 (40 %to 60 %) +3(10
0 NA +2(23°C
(o) % to 90 %) ( )
NA
0.06 %/ (60 %) NA NA
output 4 mA to 20 mA 4 mA to 20 mA 4 mA to 20 mA
(RL 500 Ohm)

Response time

Temperature: 20 sec
Humidity: 20 sec

Temperature: 40 sec

Temperature: 20 sec
Humidity: 20 sec
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( )

AZBIL TY7043Z0P00 / HY7043D4000

ROTRONIC

() 0 to 60 -40 to 100

() +03(0 t060 ) +0.1(23 +5 )

PT100 PT100

(%) 0 to 100 0 to 100
+08(23 +5 )

+3(25 30 %to 70 %)
+0.2 (0.5 % to 20 %)
%
%) +0.3 (20 % to 40 %)
+5 % (15°C 10 35°C 20 % to 80 %) + 0.4 (40 % to 65 %)
+0.5 (65 % to 85 %)
+ 0.6 (85 % to 99 %)
NA NA
output 10Q@ 0/ (1to5)V (-0.4 t0o +0.85) V

Response time

Temperature: <4.5 min
Humidity: < 40 sec

<10 sec
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Telasia Symtonic Pte Ltd
HONEYWELL C7232A
Venticator - VC1008T-1P54 ONEYW €723
ay
(ppm) 0 to 2000 0 to 2000
background signal 400 ppm 400 ppm
+ 30 ppm, + 2 % of reading + 30 ppm, + 2 % of reading
1 0~10 V(= 0~2000 ppm CO2) 0~10 V(= 0~2000 ppm CO2)
2 4~20 mA(= 0~2000 ppm CO2)
responds time <10 @ 30 cc/min. = 3 min
3min.
(NDIR)
NDIR
(ABC) ( )
4
HONEYWELL GD-250 NIGHTHAWK KN-COPP-3
L
N
(ppm) 0 to 250 0 to 999
+ 7.5 ppm (0 ppmto 150 ppm)
+ 25 150
+ 25 ppm (150 ppm to 250 ppm) ppm (150 ppm)
1 (4 to 20) mA (4 to 20) mA
2 (2t0 10) VDC
responds time 5 min 5 min
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Portland Energy Conservation Inc (PECI) [1]
(D)
a 4-8 data logger
b
C 100 %
d

€

2)

JTM 07 [2]
(L/10) ( )

(1)
10

O-n—l:\/Z(Xi_XAve)z/n_1 izcn-l

(temperature flutruation)
2)
(temperature variation in
space) |Max(XcornerAve(j)— XcenterAve)

(temperature gradient) XAveMax — XAveMin
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Volume (liters) Minimugang}s i

Max. 1000 50
Over 1000 to max. 2000] 100
Over 2000 150

10
La
b
I JTM 07
9
a data logger
b 30
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3
3
5 10 3
3 4
b-e 3
t

®

® o
e Sensor

e ) [

[ ) o e

3
t
Z-score  t-score
t t (paired two-sample t-tests)
t
T P value
t
(a).T<1 >
(b).To>1 o 0=0.05 95 %

P.k-1nk) P<a =
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Il
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s
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FEME | BT RS MIREREE 20

e

b

(st A

e

s

Ny ——
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sensor2

sensor

sensor(

max(Xcorner-Xcenter)

maxXcorner-minXcorner

23 +0.21 0 0.62
25 +0.29 0.12 0.63
27 +0.43 0.22 0.43
sensorl

max(Xcorner-Xcenter) |maxXcorner-minXcorner
23 +0.37 0.38 0.83
25 +0.27 0.27 0.64
27 $0.31 0.30 0.60

sensor2

max(Xcorner-Xcenter) |maxXcorner-minXcorner
23 +0.40 0.40 1.06
25 +0.50 0.52 1.12
27 +0.31 0.32 0.46
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sensor3

max(Xcorner-Xcenter) |maxXcorner-minXcorner
23 +0.18 0.22 0.87
25 +0.23 0.18 0.90
27 +0.20 0.19 0.46
sensor(
sensorl

sensor0 sensorl

sensor0 ()
sensorl ()

sensor2
sensor3

sensor2 ()
sensor3 ()
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33.0 3.0
2.0 Eﬁ 32.0 1
31.0 31.0 4
o 30.0 Egg_g -
% 29.0 - %29.0 .
328 0+ 328_0 —
g 27.0 - 527_0 - _ B
~ 26,0 o "26.0 - [——] ]
25.0 | 25.0 |
24.0 24.0 | 1
23.0 : - 23.0 : :
sensorQ standard sensorl standard
3.0 33.0
2.0 - 32.0
1.0 31.0 4
230.0 230.0 7
Sq0 4 229.0
gz:z . 52&0 7
E-g?-o - 2-2?.0 -
[ - E —
26,0 - 26.0
25.0 25.0 1 1
24.0 T - 24.0 o
23.0 . : 23.0 . |
sensor? standard sensor3 standard

5(b)
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sensor0(

sensor2(

sensor0

50 55 60 65

sensor2

5(c)

70 75 80
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sensor3(

sensorl(

50

55

sensorl

60 65

sensor3

70

75




75 1 I;;l

70 1

65

relative humidity

55 1

50 .
sensorQ

75

70

85

relative humidity

55 1

50 T
sensorz

0=0.05

sensorQ) sensorl

75
=
_ T 704
£ _
=
ﬁ B85
il = _ [ —
[1+] ]
e N
55
T 50 T T
standard sensori standard
50
75
=
S 70
_ g
:: E B5 |$ s |
- = L
= B0
55
T 5|:| T T
standard sensord standard
5
sensor( sensorl
5.4 % sensorl 5.8% sensor3
t 95 %

sensor) sensorl sensor2
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sensor0 standard | sensorl standard | sensor2 standard | sensor3 standard
32.3484 25.2378 | 26.0625 0.6220 | 25.3915 25.5901 | 25.7504 25.6288
9 9 9 9 9 9 9 9
t 19.9391 3.9333 -0.4650 1.1550
P(T<=t) 4.17E-08 0.0043 0.6544 0.2814
2.3060 2.3060 2.3060 2.3060
7 t -
sensor0 standard | sensorl standard | sensor2 standard | sensor3 standard
73.9434 64.4983 | 57.3481 62.7830 | 67.0388 63.6992 | 64.4359 64.1884
9 9 9 9 9 9 9 9
8 8 8 8
t 5.9605 -5.1799 3.9437 1.8059
P(T<=t) 0.0003 0.0008 0.0043 0.1086
2.3060 2.3060 2.3060 2.3060
sensor()
sensor(
sensor 1
sensor(Q
sensorl  sensor2
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Crystal House

sensor2

sensor2  sensor3
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sensor

sensorl

max(Xcorner-Xcentral)[maxXcorner-minXcorner
21 +0.50 0.01 0.64
23 +0.46 0.18 0.72
25 +0.20 0.32 0.24
27 +0.22 0.22 0.22
sensor2
max(Xcorner-Xcentral)|maxXcorner-minXcorner
21 +0.34 0.34 0.9
23 +0.75 0.75 1.64
25 +0.56 0.56 0.75
27 +0.70 0.70 0.90
sensor3
max(Xcorner-Xcentral)|maxXcorner-minXcorner
21 +0.35 0.35 0.7
23 +0.40 0.87 1.15
25 +0.86 0.42 1.07
27 +0.77 0.77 0.82

sensor2 sensor3
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sensorl sensor2
27 |
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"
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@« »
S e 21 F
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17
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7(a)
sensort zenzorl
300 0.0
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e —_— s
E| —— 5
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a ar
[= 8 [a'R
5 220 4 5 720 -
200 4 = 200 4 1
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1110 standard 1M1 standard
SEnsor? SENSO0r2
300 200
280 - 280
6.0 - i 260
2 2
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[=% =3 T
5 220 E 220 |
200 200 |
180 4 18.0 |
1110 standard 7111 standard
sensord 300
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E =}
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= - £
o
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sensor2

a=0.05 95 %
sensor3
sensorl  standard | sensor2 standard | sensor3  standard
23.4556 229725 | 249782 23.7773 | 24.7356 23.0624
27 27 27 27 27 27
26 26 26
t 1.1947 10.2212 17.1900
P(T<=t) 0.243 1.34E-10 1.02E-15
sensor2 sensor3
sensor2 sensor3
3. CFD
( 8)
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7 7 ] Height
% : >l
> > 7

Z .~ Z

zone |:

A \_/ ; wall jet

( Z

f“b Z

[ -

T l 7 zone 2
=i 7z / transition
Z - sensor
Z f «— profle
/,/;JJ . y . ‘. i

A A freeeo'nvectbn
Temperature
8
3.1
(
)
9
10) ASHRAE 62 (occupied zone)
1.5m
09m 1.8 m
11
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| |..L|HLU.1

=
\§ ‘‘‘‘‘‘‘‘‘‘ VDES K
WG J!
. —
_______.—--‘
— — ———
9
10
1 ( )
2
3
4
S ( )
11
( )
1 1.5m [3] Installation instructions, C7189A Wall Mount
Temperature Sensor, Honeywell.
2 1.5m [4] Influence of sensor position in building thermal
control: criteria for zone models.
3| 1.2mto 1.5 m | [5] Installation instructions, T28 Fan Coil
Thermosta Sensor, Johmson Controls.
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3.2

( )

1.5m [6] Installation instructions, TLC-BCR-T-US,
Intelligent binary temperature controller, VECTOR.

1.5m [7] Installation instructions, Humidity Temperature

Sensor type BO-TFK-120, AIRWIN.

13

1000 ppm

12

(breathing zone)

12

54




13

( )

1| 09mto1.8m |[8] Designing and Testing Demand Controlled

Ventilation Strategies.

2] 0.3mto 1.8 m | [9] 2005 Building Energy Efficiency Standards-
September 2006 Revision.

3| 1mtol.5m |[10] Installation instructions, GMT Series Gas
Monitor / Transmitters, KELE & ASSOCIATES.

4|1 1.2mto 1.8 m | [11] Gas Sensor Placement Guidelines, ADS-001,

Sierra Monitor Corporation.

5 2m [12] Installation Instructions, Space CO2 Sensor,
Trend Control Systems USA.

3.3

3.1 32 (10

[13]

5cm
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CFD
v i
4_ _______ 1
il
v i
E No
Y i
_________ Yes _____p
10
34 (virtual manikin)
Shinsuke Kato [14]
[15]
3.4.1 (Displacement ventilation)

Kato laboratory

56



CFD

11 ()
()

12
3@ () L, L
6%  14(a)
(b) L L
0.03 m/s

Probe value

Velocity, m/s 0.018329 TOE m‘"g
0.53
0.1 (BT
|0.46

0.43

H0.39

[10.36

H0.33

H0.29

0.26

0.23

0.19

0.16

0.13

0.09

0.06

0.03

0.00

1 () )

Probe valus
24.61104
02m 02m Awerage value

20,79
50 53 ' ry 2519897

29,66
#a.10
8. 54
.98
27.42
26.85
26.29
25.73
25.17
24.61
24.04
23.48
22.92
22.36
21.80

Temperatura

-

12
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25

20
15
&
2 10

05

0.0

20 23.0 24.0 250 26.0 27.0 280 29.0 30.0
temperature( )
(a) L
13 L L

2.50

2.00
150
)
ED ®  Experiment
2 100 ——CFD

0.50

0.00

0.00 0.05 0.10 0.15 020
velocity (nvs)
(a) Ly
14 Ly L,
Srebric

5.16 m

0.12 m/s
02mx02mx0.8m

ok

3.65m
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25

20

n

®  Experiment
—CFD

height (m)
=

05 |

0.0

220 2.0 24.0 250 260 270 280 29.0

temperature ()

(b) L,

30.0

1.50

height(m)

1.00

0.10 0.15

velocity (nvs)

0.20

15
243 m
0.03 m 21.2
0.43m x 0.43m

[16]



16

17

Computer room

16

()
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25

2.0

\

height (
s

0.5

0.0

4.1

0.0 0.1 0.1 0.2 0.3 0.3 0.4 0.4
velocity (nv/s)
Probe value
0.18
Average value
// 011

19

18

Crystal House

25

20

height (m)

0.0
20.0

22.0 24.0 26.0
Temp (C)

) (

28.0 30.0

3.0

25

15 r

height (m)

0.0

—CFD

®  Experiment

0.0

60

C/Cout

20 2.5

Crystal House

3.0



323 64.9 % 14 PMV

PMV

19 (Crystal House)
14 PMV

No.I 1 0.5

No.2 1.2 0.5

No.3 0.8 0.5

No.4 1.8 0.5

No.5 0.8 0.5

21
(Virtual manikins) 22
( 0.08 m” 0.17 m/s
0.25 L/min)
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4.1.1
23

__ Airinlet

_.»Elevator

“Air inlet
. Kitchen
L.Kitchen

Air outlef— .
a4
Air outlet

Flow inside a building
FLAIR

. PMV measuring location

20

Master bedroom

22

0.6 m
24.2
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24 to25

26 24 0.6 m PMV PMV
-0.41 PMV -0.4

Temperature Probe value

33.93 24.41 PMV Probe value
33.21 Average value 3.22 -0.41
32.4% P N 25.74 z.84 Averages value
31.77 f ™ 2.47 -0.15
31.08 2.10
- 30.33 1.72
- 29.6€1 M 1.35
28 88 M 0.97
28.16 I 0.60
27.44 Y 0.23
26.72 7 0.14
26.00 0.51
25.28 0.89
24 56 o7 1.26
23.84 1.53
23.12 2.01
22.40 2.38
2.76

23 24 PMV

25) 1.5m
m/s 27
26 ( )
( profilel)
I.5mto23m
1.5m

1.5m ( profile2)
0.9m
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Temperature
27.00
26.58
26.17
25.76

25

25 1

g
=
T

height (m)
I

=
T

05

0.0

—— sensor | profile
—— centre profile

22.0

4.1.2

23.0 24.0 25.0
temperature ()

26

27
30

25 ¢
—— semsor 2 profile
20— cene profile
Eist
=
=
o]
<
1.0 +
0.5
0.0
280 22.0 23.0 24.0 25.0 26.0 27.0

temperature ()

()

28 0.6 m
0.5 clo 0.8 met

PMV
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28.0

PMV



PMV -0.8 PMV -0.83

Temperature PMV

27.50 Probe value 1.85 Probe valus
27.41 26.50492 1.53 -0.80
27.33 Average value 1.21 Average value
27.25 26.55488 0.90 -0.70
27.16 0.58
H27.08 0.27
H 27.00 H -0.02
26.91 -0.35
26.83 -0.67
26.75 -0.98
26.66 -1.30
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26.25 -2.87
26.17 -3.19
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26.91

n
T

26.83
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25 58 average valus M 27.61 Average value
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28.37 27.62

- 28.21 H 27 e

- 28.06 U 27 23
27.30 27.34
27.75 27.25
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26.81 26 €8
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u .
Temperature b *
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27.50 26.90 " b ---e--- profile |
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A i: :; _ : : —a&— profile 3
M 2742 > p
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21.28 = . profile 5
27.15 2015
27.06 15} id ——s— profile6
26.96 < .
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26.78
26.68 ---8--- profile8
26.59
Geme 1.0 F sleep zone
- -- -occupancy zone
05 . . . .
26.0 26.5 27.0 275 28.0 285 29.0 29.5 300

temperature ()

33 ( ) 34
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37
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750. 564
Average value
7850.29
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(Tsensor-Tcenter)
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SEeNsOr | Sensor | Sensor | Sensor | Sensor | sensor | sensor
1 2 3 4 5 6 7
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sensor)
CFD
38
39 (PMV)
(Automatic Sampling Method ASM)
8
10 27.3 64.9

38 2F
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27.1
43

41

30 10 26
252  to 27.1
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Temperature Probe value
27.81 26.09
27.65 Average value
27.48 e 26.53

Temperature Probe value
27.00 25.78
26.88 Average value

26.77 25.78
26.66

S5cm
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254 10 26.5
46
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Temperature s 26.10
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26.41 . 27.32
26 33 : e
26.25
26.17
M 26.09
M 26.01
25 93
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o
T
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25.77
25.59
25.50
2552
25.44

—_
[
T

25.36
25.28
28.20
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P
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—— centre profile

05 r

0.0 I I
25.0 26.0 27.0 28.0

temperature( )
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47

0.1

47

4.2.4
4.24.1
49
30

5 cm
1.26 m
48

— sensor profile
— centre profile

25 T
20

Temperature
26.50
26.41
26.33
26.25 —_
26.17 g L5
2¢.09 =
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=
En2
25.77 210
2559
2550
2552
25.44
25.36 L
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28.20
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23.0 24.0
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Temperature

32.17 Temperaturs
32.06 s2.17
31,95 32.06
3185 31.96
3178 31.85

L3ies 3178

L 31es Ha31.es
43 Ha31.54
a3 314
s 31.33
n
.02 3102
0.1 30.91
0.8l 30.81
30.70 30.70
30.60 30.50
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49 50
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900 ppm 52

=
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25 b
20
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Lo —— sensor 2 profile
—— sensor 3 profile
—— sensor 4 profile
0.5 —— sensor 5 profile
—— sensor 6 profile
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00 { L
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4242
57 58
(a)(b)(c) 5min 10 min 30 min

Temperature Temperature
Temperature
30.00 30.00 1 80
29.81 29.70 27 63
29.62 29.40 27.47
29.43 29.10 27.31
29.25 28.80 27.15
29.06 28.50 M 26.98
28.87 28,20 H 26.82
28.68 27.90 26.66
28.50 27.60 26.50
28.31 27.30 26.33
28.12 27.00 26.17
27.93 26.70 26.01
27.75 25.85
26.40 25 o
27.56 -
26.10 25.52
27.37 .
25.80 P
27.18 .
25.50 25.20
27.00 25. 20

(a) Smin (b) 10min (©) 30min
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c1 n c1
900.00 500
884 .37 884
868.75 868
853.12 853
837.49 837
821.87 821
806.24 806
790.62 ;32
774.99 759
759.37 713
743.74 728
728.12 112
712.49 696
696.87 681
681.24 665
665.62 650
649.99

(a) Smin (b) 10min (©) 30min
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and PPD indices and local thermal comfort criteria
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(Local thermal discomfort)
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S0 AGHE * Local thermal discomfort
@ ISO 14415 (2005) » Non-steady-state conditions

« Adaptation
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ISO/TC159/SC5/WG 1 — Ergonomics of the thermal environment
Convenor: Professor Bjarne Olesen, Denmark

61

19

ISO 7726

1i.
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ISO 7730
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(e
T

21
tn

24
[—]

T AE

+*
2.0 '
2 2.5 3.5 5 s 5.5
ARl &
74
e —
(Homogeneous)
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(Non-steady-state thermal environments)

(Temperature cycles)

I K

(Drift or ramp) 2 K/h

ISO 7726:2001, Ergonomics of the Thermal Environment - Instruments for
Measuring Physical Quantities.

ISO 7730:2005, Ergonomics of the Thermal Environment - Analytical
Determination and Interpretation of Thermal Comfort Using Calculation of the
PMYV and PPD Indices and Local Thermal Comfort Criteria.

ANSI/ASHRAE 55:2004, Thermal Environmental Conditions for Human
Occupancy.

EN 15251:2007, Indoor Environmental Input Parameters for Design and
Assessment of Energy Performance of Buildings Addressing Indoor Air Quality,
Thermal Environment, Lighting and Acoustics.

(Operative temperature, T,) (Imaginary black

enclosure)
(Clothing insulation)
clo lclo=0.155m> /W

(Metabolic rate)
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met 1 met = 58.2 W/m>

4. 90 % (90 % response time) 90 %
4.
( )
(PMV PPD) (
)
4.1 (PMV PPD)
(PMV PPD)
+3 Hot +2 Warm +1 Slightly warm 0 Neutral
-1 Slightly cool -2 Cool -3 Cold (
) PMV PPD

PMV =[0.303 x exp(—0.036 - M) + 0.028] x

(M —-W)-3.05x107-[5733-6.99x (M - W) —p,]-
0.42[(M — W) —-58.15]-1.7x107° - M- (5867 —p, ) —
0.0014-M-(34—1t,)—3.96x107"-f, [t +273) —(Er+273)4]
—f,-h,-(t,—t,)

t, =35.7-0.028 (M —W)— 1 x {3.96x 107 f, -[(tc, 1273y [t + 273)4J+ £ -h,-(t, —ta)}

) {2.38 xlty —t,[ for 2.38xft, —t " > 12.1xv,

12.1x v, for 2.38xJt, —t,|” <12.1xfv,

f _{1-00+1~290|c| for I, <0.078 m* - K/W

c =

1.05+0.6451,  for 1, >0.078m>-K/W

PPD =100 - 95 exp|- (0.03353x PMV * +0.2179x PMV *)]
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W (W/m?)
Lo (m’K/W)

fo (m’)

t, ()

tr ()

Var (m/s)

Pa (Pa)

he (W/(m’K))
tal ()

M : 46 W/m?® to 232 W/m® (0.8 met to 4 met)
lg : 0 m*K/W to 0.31 m*K/W (0 clo to 2 clo)

t,: 10 to 30
t.: 10 to 40

V,:Om/sto 1 m/s

P, : 0 Pato 2700 Pa

PMV PPD
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80

70 F
60 |-
50 -
40 B
30 F
o 20
a
o
10 |
| 1 | | 1
2 15 1 05 0
PMV
PMV  PPD
4.2 (Local thermal discomfort)
4.2.1 (Draft)

)
DR =(34—t,,)(V,, —0.05)"?(0.37 x Vas x T, +3.14)
T =50 100

\'

1 < .
SD =,/m;<vai -v,)
T, ()

Vay <0.05 m/s Va1 =0.05 /s

DR>100% DR=100%
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20 26

Va,l 05 m/S

v

Vai

T, 10%  60%( 40%)

4.2.2 (Vertical air temperature difference)
100

D=
1+exp(5.76 - 0.856x At, ,)

PD (%)
At,, ()
423 (Warm and cool floor)

PD =100—94xexp(—1.387+0.118xt, —0.0025xt,”)

PD (%)

4.2.4 (Radiant asymmetry)

(Plane radiant temperature

difference)
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(1)

(Warm ceiling)

100

D= -55
1+exp(2.84—0.174x At,,)

At

)

<23

(Cool wall)
100

D=
1+exp(6.61-0.345x At )

At

pr

3)

<15

(Cool ceiling)
100

D=
1+exp(9.93-0.50x At )

At

pr

4)

At

At
pr

PD

<15
(Warm wall)
D= 100 -3.5
1+exp(3.72-0.052x At,, )
<35
= 7
40T
(%0)
()

At

pr

5.1

(Occupied zone )

116



(1)

(2) I m
I m
3)
Occupied zone 0.6 m
( 1.8 m)

5.2

(Homogeneous)

0.6

m I.1m
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0.6 m I.1m
PMV  PPD
0.lm,0.6m, 1.1 m| 0.6m 0.6 m 0.6m|0.1m,0.6m, 1.1 m 0.6 m
0.lm1.1m,1.7m| 1.1 m 1.1m 1.1m{0.lm,1.1m, 1.7m 1.1m
53
(1) 5
(2) 3
(3)
) «C/7 )
5 2
= 60 X (t 0,max to,min )/tlme
5.4
(1)
(Black globe thermometer)
(2)
(3)
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4)

(5) 05 1.0

(6)

5.5
( 80 % )

5.6

(1)
PMV

)

(Welghtlng faCtor) To,lim it,upper To,lim it,lower
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(21) To,limit,lower STo STo,limit,upper Wf :1
(22) To STo,limit,lower To 2-I-o,limit,upper
wf =1+ To _To,limit ’/To,optimal _To,limit
2.3)
( )
wt=> wf xtime for T, >T, i umer
wt=> wf xtime for T, <T, i ioner
(3)
PMV PPD
(31) I:)I\/Ivlimit,lower < PMV < PI\/Ivlimit,upper Wf :1
(3-2) ’Ple > ’PMVlimitl wf = PPD ,ctaipmv /PPDPMV lim it
(3.3)
( )
wt=>"wf xtime for PMV >PMV, ..
wt=>Y wf xtime for PMV <PMV,_  ouer
(4)
PPD
(5
PPD
6.
1. . AIJES-H002-2008
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(90 %)

t | 10 to40 t-t,| 10
Required: 0.5

Desirable: 0.2

t, 0 to50 Required:=1
Desirable: +0.5

£ | 10 to40 Required: £2
Desirable: 0.2

t 0 to50 [t -t.| 10

Required: £0.5
Desirable: +£0.2

r, |-35W/m®to 35| 5 W/m’ Required: 1.0
W/m® S
Desirable:
0.5s
Pa | 0.5kPato3.0 1t-t, | 10
kPa
+0.15 kPa
v, 0.05m/sto 1 | Required: Required:0.5
m/s +(0.05+0.05y_ ) m/s S
Desirable: Desirable:0.2
+(0.02+0.07y_) m/s S
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to 0.4 m/s
to 0.7 m/s
29

CFD —

]l mto 1.5 m

ISO 7730
TS TA TC
235 to 28
23 0.2 m/s
26 0.5 m/s

0.6 m/s to 0.8 m/s
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[1] http://www.peci.org/ftguide/csdg/CSDG.htm

2] P A3F%E B 1 L€ BEAFEN - FEK D 2 E JTM K 07:2007

[3] Installation instructions, C7189A Wall Mount Temperature Sensor, Honeywell.

[4] P. Riederer, D. Marchio, “Influence of sensor position in building thermal control:
development and validation of an adapted zone model”, Seventh International IBPSA
Conference, August 13-15, 2001.

[5] Installation instructions, T28 Fan Coil Thermosta Sensor, Johmson Controls.

[6] Installation instructions, TLC-BCR-T-US, Intelligent binary temperature controller,
VECTOR.

[7] Installation instructions, Humidity Temperature Sensor type BO-TFK-120, AIRWIN.

[8] Designing and Testing Demand Controlled Ventilation Strategies.

[9] 2005 Building Energy Efficiency Standards- September 2006 Revision.

[10] Installation instructions, GMT Series Gas Monitor / Transmitters, KELE &
ASSOCIATES.

[11] Gas Sensor Placement Guidelines, ADS-001, Sierra Monitor Corporation.

[12] Installation Instructions, “Space CO, Sensor”, Trend Control Systems USA.

[13] P. Riederer, D. Marchio, “Influence of sensor position in building thermal control:
criteria for zone models”, Conference Clima 2000, Napoli, Italy, September 15-18, 2001.

[14]Murakami, S., Kato, S., and Zeng, J., “Flow and temperature fields around human body
with various room air distribution -- CFD study on computation thermal manikin — Part
I,” ASHRAE Transactions, 103(1), 3-15,1997.

[15] Srebric, J. and Chen, Q., “An example of verification, validation, and reporting of
indoor environment CFD analyses,” ASHRAE Transactions, 108(2), 185-194, 2002.

[16] Chen, Q., and J. Srebric. “How to verify, validate, and report indoor environment

modeling CFD analyses”. Final Report for ASHRAE RP-1133, 58 pages, 2001.
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07-3-986363 CFD 20091222 |FR-2214
07-3-986385 20091221 |FR-2208
07-3-986597 20091229 |[FR-2241
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98.11.06

72

58

72
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BACnet |Building Automation Control Networks
BAS Building Automation System
BIG-NA BIG-EU
11
BIG BAChnet Interest Groups BIG-AA(Austral Asia)
BIG-RU BIG-SE
BIG-ME
. . BACnet compliance
BTL BAChnet Testing Laboratories ) .
interoperability
CFD Computational Fluid Dynamics
CTE Coefficient of Thermal Expansion
HVAC heating  ventilating and air-conditioning
ICT Information & Communications Technology
IEC International Electrotechnical Commission
LDV Laser Doppler Velocimetry
LonWorks |Local-operating Network
NREL National Renewable Energy Laboratory
OSI Open System Interconnection
PMV Predicted Mean Vote
TCP/1P Transfer Control Protocol/Internet Protocol /
WSN Wireless Sensor Network
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98.03.01~98.12.31
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ASHRAE Standard 55

Abstract

Thermal comfort has become an important issue in complying with indoor environment and
energy savings. In ASHREE Standard 55, discussion has been focused on the thermal comfort range.
Instead, in this study, effort has been emphasized on analyzing correlation among temperature,
relative humidity, indoor air velocity, and mean radiant temperature, to compile the PMV index for
local environment. In addition, recent development in this research field was analyzed so that the
main structure of CNS standard on thermal comfort can be established, which is the main goal of

this research project.

P.O.Fanger 1990 PMV

ISO 7730

ISO 7730
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3.1

3.2

to 29

ISO 7730

100

ISO PMV-PPD

50 % to 90 %

136

20 %

23



(Taguchi
Method)

18 L8(2") L9(3%) L16(2%) L27(3%) L32(2°"

L12(2') L18(2'x37) L32(2'x4%) L36(2"'x3"%) L54(2'x3%)

L27(3%%)

L27 27
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5.1

1. Field study on occupants’ thermal comfort and residential thermalenvironment in a hot-humid

climate of China

/
Jie Han | 2003-2004 College of Civil | 110 22.81
et al. Engineering,
Hunan University

2003~2004 110 26
ASHARE 7 0.15 clo ASHARE
87 % ( )
28 ) 22.81

2. Adaptive comfort temperature model of air-conditioned building in Hong Kong

/
Kwok 2003 Department of 225 to
Wai Building Services 23.5
Horace Engineering, The
Mu Hong Kong
Polytechnic
University

7% 22.5
23.5
3. Thermal comfort in classrooms in the tropics

/
Nyuk 2002 Department of Building, | 12 27.1 to
Hien School of Design and 29.3
Wong Environment,  National
University of Singapore
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ASHARE 55

27.1 to29.3

4. Thermal comfort evaluation of naturally ventilated public housing in Singapore

/
N.H. 2001 Department of
Wong Building, School of
Design and
Environment,

National University

of Singapore

5. Adaptive thermal comfort standards in the hot—humid tropics

ASHRAE

Standard-55

80 %

/

Fergus 2004 * Oxford Centre for
Nicol Sustainable

Development,

Oxford Brookes

University

Fanger ISO 7730
6.
/
2003-2004 17 to
31
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ASHRAE 7

ASHRAE RP-884 1995~1997
17 to3l
7.
/
2007 | CFD 0
(CFD)
(TEDT) (ADPI) (PPD),
ADPI  PD

b b

8. Thermal perception, adaptation and attendance in a public square in hot and humid regions

/

Tzu-Ping | 2009 Department of 23 to
Lin Leisure 24.5
Planning,
National
Formosa

University
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23.7 25.6

24.5 23

9. An investigation of the potential for natural ventilation and building orientation to achieve

thermal comfort in warm and humid climates

M. Haase | 2008 SINTEF,
Building and

Infrastructure

9 % to 41 %
3% to 14 %

10. Evidence base prioritisation of indoor comfort perceptions in Malaysian typical multi-storey

hostels
/
N.D. 2009 Welsh School of
Dahlan Architecture, Cardiff
University,

50

11. Additive model for thermal comfort generated by matrix experiment using orthogonal array

/
Reuy-Lung | 2009 Department of 23 to
Hwang Occupational Safety and 28
Health, China Medical
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University

23 to28 50 % to 85 %
0.2 m/s to 0.8 m/s 0 to 40

12. Thermal perceptions, general adaptation methods and occupant * s idea about the trade-off

between thermal comfort and energy saving in hot—humid regions

/

Ruey-Lung | 2009 Department of 20.4 to
Hwang Occupational Safety 28.4

and Health, China

Medical University

ISO 7730 PMV
(PD) 5%1t09%
ISO 7730 226 t029.2 204 to28.4

13. Hybrid ventilation for low energy building design in south China

/
Yingchun Ji | 2009 Institute of Energy and
Sustainable
Development, De
Montfort University
30 % (CFD)

14. Thermal comfort in residential buildings — Failure to predict by Standard model
/

R. Becker | 2009 Faculty —of Civil & 19.5°C 26
Environmental Engineering, | 205 °c
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1. o o ~ Cm Kg
2-1
Cool Slightly cool Neutral Slightly warm Warm Hot
-2 -1 0 1 2 3
2-2
4.
2-3
3. 4. 5. 6.
3-1
3-2
4.
3-3
3. 4. 5. 6.
4-1
4-2
4.
4-3
3. 4. 5. 6.
5-1
5-2
4.
5-3
3. 4. 5. 6.
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(1) 2) (5) (9) ET* PMV  |PPD
T RH \Y% MRT
1 23 50 0.2 0 23.0 1.2 35.9
2 23 50 0.5 2 25.1 1.1 29.1
3 23 50 0.8 4 27.3 0.6 12.5
4 23 70 0.2 2 25.4 0.4 9.2
5 23 70 0.5 4 27.5 0.2 6.0
6 23 70 0.8 0 23.3 -1.9 72.6
7 23 90 0.2 4 27.7 0.3 7.2
8 23 90 0.5 0 23.5 1.5 48.6
9 23 90 0.8 2 25.7 -1.0 27.7
10 25 50 0.2 2 27.1 0.2 5.5
11 25 50 0.5 4 29.2 0.5 9.9
12 25 50 0.8 0 25.0 1.2 33.1
13 25 70 0.2 4 29.5 0.9 24.2
14 25 70 0.5 0 25.3 0.7 16.4
15 25 70 0.8 2 27.4 0.3 6.4
16 25 90 0.2 0 25.5 0.1 53
17 25 90 0.5 2 27.7 0.1 53
18 25 90 0.8 4 29.8 0.6 13.9
19 28 50 0.2 4 32.2 1.9 74.1
20 28 50 0.5 0 28.0 0.4 8.2
21 28 50 0.8 2 30.1 1.0 24.5
22 28 70 0.2 0 28.3 0.9 21.5
23 28 70 0.5 2 30.5 1.3 39.5
24 28 70 0.8 4 32.6 1.9 72.1
25 28 90 0.2 2 30.7 1.7 62.3
26 28 90 0.5 4 32.9 2.2 84.4
27 28 90 0.8 0 28.7 0.6 13.2
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tsv tsv tsv
-1.50 -1.27 -1.80
-1.50 -1.27 -1.90
-1.27 -1.27 -1.50
-0.05 0.27 -0.40
-0.82 -0.55 -1.20
-2.05 -2.00 -2.30
0.18 0.09 0.30
-0.95 -0.91 -1.00
-0.73 -0.27 -1.30
0.36 0.36 0.40
0.36 0.27 0.40
-0.64 -0.55 -0.80
0.95 0.73 1.20
-0.14 -0.09 -0.20
-0.36 -0.55 -0.20
0.09 0.18 -0.10
0.45 0.45 0.40
0.59 0.45 0.70
1.91 1.73 2.10
0.23 0.09 0.30
0.36 0.36 0.40
1.36 1.18 1.60
0.91 0.82 1.00
1.27 1.18 1.30
2.09 1.91 2.30
1.55 1.36 1.70
0.86 0.64 1.00
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