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2.1
Activities w/m 2 met
Resting
Sleeping 40 0.7
Reclining 45 0.8
Seated lquiet 60 1.0
Standing 1relaxed 70 12
Walking (on level surface )
3.2 km/h (0.9 m/s) 115 2.0
43 km/h (1.2 mls) 150 2.6
6.4 km/h (1.8 mls) 220 38
Office Activities
Reading lseated 55 1.0
Writing 60 1.0
Typing 65 11
Filing 1seated 70 12
Filing 1standing 80 14
Walking about 100 17
Lifting / packing 120 2.1
Driving / Flying
Car 60 to 115 10t0 2.0
Aircraft, routine 70 12
Aircraft linstrument landing 105 18
Aircraft 1combat 140 2.4
Heavy vehicle 185 3.2
Miscellaneous Occupational Activities
Cooking 95 to 115 16t0 2.0
Housecleaning 115 10 200 2.0t034
Seated , heavy limb movement 130 2.2
Machine work
sawing (table saw ) 105 18
light ( electrical industry ) 115 to 140 201024
heavy 235 4.0
Handling 50 kg bags 235 4.0
Pick and shovel work 235 t0 280 40t048
Miscellaneous Leisure Activities
Dancing , social 140 to 255 241044
Calisthenics / exercise 17510 235 3.0t04.0
Tennis 1singles 210 t0 270 3.61t04.0
Basketball 290 to 440 501076
Wrestling Lcompetitive 410 to 505 7.0 to 8.7

: ASHRAE, ASHRAE Fundamental Handbook 2001 (New York : American
Society of Heating, Refrigeration and Air-Conditioning Engineering, 2001), Chapter8.
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2.2

Season Description of
typical clothing
Winter Heavy slacks 1
long-sleeve  and
sweater
Summer Light slacks and

short-sleeve shirt
minimal

36

Operative temperature

(<1.2 met) 50%
0.15 |/
Optimum Operative temperature range
(clo) operative (10% dissatisfaction criterion)
temperature
0.9 22 °c 20-235°c
71°F 68-75°F
0.5 245 °c a3 a5
76 0F 73-T90F
0.05 27 °¢c 26 - 29 °c
81 0F 79-840F

Other than clothing, there are no adjustments for season or sex to the temperatures of Table 2.2. For
infants, certain elderly people, and individuals who are physically disabled, the lower limits of Table

2.2 should be avoided.

- ASHRAE, standard 55-1995a : Thermal environmental conditions for human occupancy
(Atlanta : American Society of Heating, Refrigeration and Air-Conditioning Engineers, 1995)
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SET* ET*
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2.1.3 Predicted Mean Vote ( PMV )
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Fanger — PMV M
3

2.4 exponential

= PV 0.352exp[—0.42( M—W) ] +0.032 (64)

PMV

PW = (0352eXp[—042(M- ) +0032 L (65)
Fanger (62) (L)

'3.96X10'8f,[((0+273)' - ( +273)7'
+ vV lte, -> )

+3.05573- 0.007(M— ) —Pa]

4+ 0.42[(M-W) -58.15]

+0.0173 ( .87 —Ry)

+ 00014 M (34-ta)

2.3 PMV
Activity level M , v PMV at Rh = 50%
(kcal/hr 2 (cio) (ml)
Sedentary 50 0.6 01 PMV=-8.471+0.331ta
Low 80 0.6 0.2 PMV=-3.643+0.175ta
Medium 106 0.6 0.25 PMV=-3.356+0.174ta
High 135 0.6 0.32 PMV=-4.158+0.265ta

. Fanger, P.O., Thermal comfort analysis and applications in environmental engineering
(NewYork: McGraw-Hill, 1970), p. 113.
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2.1.4 Predicted Percentage of Dissatisfied ( PPD )

PMV  Fanger
PMV 0.3
(slightly cool) (neutral )
Fanger
PPD (Predicted
Percentage of Dissatisfied) ~ PPD
PMV

Fanger
PMV
-2 (cool) -3 (cold) +2 (warm) +3 (hot)
PMV 1
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Fanger 25
PMV
256°C
256°C

(comfort equation) Fanger
PMV 0

Fanger semilog PPD  PMV 2.6

(68)

PPD = 100-95exp[-(0.03353PMV4+ 0.2179PMV2)] (68 )

PMV Predicted Mean Vote
PPD Predicted Percentage of Dissatisfied

6 6 10 72 74 7% B 80 8 8 86 88 N°F
71111!1]111111

o COLD -DISSATISFIED
O WARM-DISSATISFIED

PROBIT

2 T T T T T T T T T T T T T

9 20 21 22 23 2 25 26 27 28 29 30 31 32°
AMBIENT TEMPERATURE

. Fanger, P.O., Thermal comfort analysis and applications in environmental engineering
(NewYork: McGraw-Hill, 1970), p. 13L.
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2.0 1.9 1.0 0.5 0 0.5 1.0 1.5 2.0
PREDICTED MEAN VOTE

PREDICTED PERCENT DISSATISFIED

SO O O

: Fanger, P.O.,, Thermal comfort analysis and applications in environmental engineering
(New York : McGraw-Hill 1Q7DY 131

2.6 PPD PMV

2.15 ( Mean Radiant Temperature )

(black globe thermometer)
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0.08 tpr(uP) + tpr(down)] +
<0.23 tp(right) + tpr(left)]+ >
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2[0.08+ 0.23+ 0.35]

0.18 tpr (up) + tpr (down)_
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2[0.18+ 0.2+ 0.30]
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2.1.6 Thermal Sensation ( TSENS )

TSENS

1 TSENS (+5)

(74)
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TSENS PMV  TSENS
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TSENS PMV
TSENS (tnd)
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TSENS
o= —— (M -W )+36.01 75
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2.1.7 Thermal Discomfort ( DISC )

(@ e - € rwreq €t ¥

DISC
DISC
()
DISC
DISC
TSENS  DISC
il TSENS
5
t4
3
12
+2
0
DISC -
DISC — (e s - Groreq /)
Erav

iy
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TSENS
TSENS DISC
DISC
(Id 0.5 cio)
the < tn@ (79)
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ASHRAE Fundamental Flandbook (ASHRAE, 2001)
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b oont)
?
BLAST Simpled/Detailed
Convection Model, MoWitt, TARP Detailed Convection Model DOE-2 Convection
Model
BLAST Detailed Convection
Model TARP Detailed Convection Model
TARP
TARP Detailed Convection Model
McClellan, T.M. (1997)
(9"WR)
BLAST BLAST Design
Day Sky Model, TARP Sky Model, Brown Sky Model
Brown McClellan, T.M. (1997)

2.2.2

(Conduction Transfer Function, CTF)
(Response Factors Method)
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Hitdle, D.C. (1979, 1983)

57

(order)



%

AWK

qGO'I’W

% T8 ot kT QWS - Gon =0

(9"wx)

(@iws)

k83)

58



59

(qgW)

gl

Liesen, R.J. (1997)

(Qi:\/\b() <

Liesen, R.J. (1997)

MRT Balance (Mean
Radiant Temperature with Balance)

MRT Balance

MRT Balance



MRT Balance
MRT Balance
(Liesen, R.J., 1997)
2.2.4
HVAC

Qonv T C1@E'*'q’*rv +QSys =0

gCOﬂV

gl g'w

HVAC
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10%

(quasi-steady)

(84)
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2.3

(ventilation) (infiltration)

Bernoulli
(discharge coefficient, cq)

(Network Models)
(node) (space)
Bernoulli

231

= Sign[cdA effAlp [Ap ] (85)



Sign
cd
Adf

AP

(orifice)

0.7

P
h
h

(65)

(effective flow area)

orifice
cd
cd 0.65
- Caj (AP)%
Si9nlcdAeffVpd

AP = F]-P\-g-F’e‘T-(h)-h )

Bernoulli

Reynolds

cd 0.6

(86)

<8§7>
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avg

PO

Pw

cw

(c]

ASHRAE (2001) harmonic trigonometric
Walker ~ Wilson 1994 cw
1

cw

c 1 (c 1+ c 2XCOs2 <) + (CWL- ¢ 2X COS <)<

2

f(89)
t(c 3+ ¢c 4X5M2M)24 (¢ 3-M X 3N

owl ; 0°

cw2 180°
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CV3
cvd

0

ASHRAE (2001)
Akins etal. (1979)  Wiren (1985)

-0.65

-1.175sin2(0)

k2>

cwl 0.6 cu2 -0.3 cv8 cwd
(90)
1.248-0.703 sinf -
C =
+0.0762sin2" °
V2l
0
G

: 0
+0.131sin3(20g) + 0.769 cosV

+ 0717 cos 2 ¢
(2)

(2544)

90°
210°

(69)

cw

(90
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(shelter factor, )

_15 ((1+ 2)cos2()+ ( 1— 2)cos ()
2| 3+ s4) 2+ (3 4) ind
0
1
2.4
0
(power law)
fs am(H y
[ (92)
| Hme 3 UJ
H H
H

H met
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(5)
2.5
(8 1gt) (@ 210 0.14
(Hd 10
24
Shelter Description

Class

1 Noobstructions or local shielding
Typical shelter of an isolated rural house

3 Typical shelter caused by other buildings across the
street from the building under study

4 Typical shelter for urban buildings on larger lots
where sheltering obstacles are more than one
building height away

5  Typical shelter produced by buildings or other
structures  that are  immediately  adjacent
( closer that one house height )

No
Flue

1.00
0.90
0.70

0.50

0.30

One
Story
with

Flue
1.10
1.02
0.86

0.70

0.54

Two
Story
with
Flue
107
0.98
0.81

0.64

047

: ASHRAE, ASHRAE Fundamental Handbook 2001 (American Society of Heating

Refrigeration and Air-Conditioning Engineering, 1993), Chapter 26.

66

Three
Story
with
Flue
1.06
0.97
0.79

0.61

043
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2.5

Terrain Description Exponent  Layer
Category a Thickness

A

0,
1 Large city centers Lin which at least 50% of buildings are higher ~ 0.33 460
than 2.1 mover a distance of at least 200 m upwind
2 Urban 1suburban Iwooded areas land other areas with closely 0.2 370
spaced obstructions compared to or larger than single-family
dwellings ( over a distance of at least 200 m upwind )

3 Open terrain with scattered obstacles generally less than 10m  0.14 210
high
4 Flat 1unobstructed areas exposed to wind flowing over a large  0.10 210

water body ( no more than 500 m inland )

: ASHRAE, ASHRAE Fundamental Handbook 2001 (American Society of Heating
Refrigeration and Air-Conditioning Engineering, 1993), Chapter 16.

r=Ip f I7h_Y (93)

2 Vet J y

=P, X (94)
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2.3.2
Models)
(control zone) (node)
(85 (8)
2.8
ZNCX L)+ N_O 0(i,k) + mf(i) =0
J
0( k)
mf(i)
NC

No

68

(94)
(88)
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pressure node
3~<U)—C}<>£ ==

cm flow resistance

1]

O30 50
AR

2.8

(89) (99)

(... pr p)=0

(convergence criterion)
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