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Study On Cooling Load Reduction
of Air Vent Wall System in the Building

Sang-Jin Kim

Department of Refrigeration & Air Conditioning Engineering
Graduate School, Pukyong National University

Abstract

Various outside wall svstems have developed as the building scale
becoming much larger and higher for convenience of usage and
improvement of comfort in now. But suitable insulating construction for the
shape of building was insufficient. It leads not only dew and energy loses
by thermal bridge phenomenon but also fall of building stability which are
happened in many buildings.

On the other hands, the outside insulation level is just increased by
adding heat insulation materials to reinforce thermal resistance and national
policy of buildings authorities have recommend insulation strengthening
simply than developing a proper insulating method which is considered
climate. So it is needed to develop a effective structure of surface

insulation.



This study is focused on the air vent wall which using natural convection
to reduce cooling loads in summer. The air vent wall system is made by
opening the up and down slits of the sealed air cavity between metal truss
and curtain wall, which is installed for lightweight of larger and higher
buildings.

Although the air vent wall has been utilized as a conventional method in
the existing building, it does not utilize enough recently in the modern
building. But some countries are keep studying continuously to advance the
endurance of structure material of building and to promote the energy
efficiency of insulation wall.

The basic principle of this study is to make up for the defect of
outmoded curtain wall system by introducing the natural convection. The
defeci was that the air temperature of the inner side of outmoded curtain
wall became much higher when solar heat inflows the surface and it did
not exhaust properly.

This study is a improved model of outmoded curtain wall by using
buovancy as a driving force. The natural convection leads the outdoor fresh
air to the inner layer of outmoded curtain wall system. and it control the
temperature of wall surface and cut down the heat load of room.

From this study, It was verified that natural convection from the

_iv_



difference of density contributes to reduction of cooling load by simulation
and we studied the heat properties about shape of air vent wall and solar
radiation.

Also, it was investigated a character of heat transfer about air vent wall
system and efficiency of energy reduction from the actual measurement of
97 stories building which was applied air vent wall system.

And calculation was archived for expectation of indoor thermal
environment and heat fluid simulation about heat transfer of wall which
were based on the result from actual datum and model. By this calculation,
basic data for actual applying could be submitted after considering
quantitative character and various matters of wall with air cavity.

The ultimate installation purpose of air vent wall system is to save and
construct comfort buildings for residents. It was studied not only the profit
of economical evaluation but also the improvement effect of the thermal

environment from air vent wall system by the numerical analysis and

experimental result.
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Nomenclature

A, Skin surface area of human body [m']

C  convection heat loss [W/m’]

C . specific heat of air [k]/kg-C1
C .. rate of convective heat loss from respiration [W/m']

E ... rate of evaporative heat loss from respiration [W/m']

E . rate of total evaporative heat loss from the skin [W/m]
fo  clothing area factor (-]

Fni angle factor between person and surface Ai

at a certain direction [-]
Fpi  angle factor between person and surface Ai (-]
h overall heat transfer coefficient by convection
and radiation [W/m'-h-T]
H height [ml]
h. convective heat transfer coefficient [W/m'- C]

h. convection evaporative heat transfer resistance at

the clothing surface [W/m'-kPal
h, heal of vaporization of water [k]/kgl
h, linear radiative heat transfer coefficient [W/m'-C]
L heat stroage [W/m']
m  body mass kgl
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P Sh.ow

in

g ol

q towa!

Ql

rate of metabolic energy production

rate at which sweat 1s secreted

. pulmonary ventilation rate

pressure difference

water vapor pressure in the ambient air

water vapor pressure at the skin

inflow heat quantity

removal heat guantity

heat guantity(power consumption of plate heater)
total rate of heat loss through respiration

total rate of heat loss from the skin and clothing
radiation heat loss

evaporative heat transfer resistance of the clothing
surface

heat transfer resistance of the clothing surface
temperature of inhaled air

ambient air temperature

clothing surface temperature

temperature of exhaled air
surface temperature at surface Ai

operative temperature

= Xiii -

[W/m']
[kg/s m']
[kg/s]
[Pa)

[kPal
[kPal
[keal/h]
[keal/h]
[kcal/h]

[W/m']
[W/m']

[W/mr']

[m'-kPa/W]
[m"-kPa/W]
[T]
[T]
[T]
[T]
[C]
[T]



f,- plane radiant temperature at a certain direction [C]

t, mean radiant temperature [T]
r. mean skin temperature [T]
t« skin temperature [T]
v air velocity [m/s]
W fraction of the wetted skin surface (-]
W, specific humidity of inhaled air [-]

—=
|
—

W .. specific humidity of exhaled air

[N
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Subscripts

air

back
convection
cloth

down
evaporation
exhaled air
front

left

radiant
right
respiration
sweat
standard environment
skin

up
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Summary of the Study

[ |

Background and Fundamental of
purpose of this Former studies air vent wall
study system
[ ]

¥

Raising the necessity of new air vent wall system

Measurement in the real
air vent wall system of
27 stories building

[

Experimental test on
air vent wall system

L]

Comparison - Analysis

Y

Simuiation

v

Analysis of energy Evaluation of thermal
reduction effect environment (PMV, SET*}

Conclusion
Certify of energy reduction avaitability
in air vent wall system

Fig. 1.7 Structure of this thesis
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Fig. 2.1 The general view and the air vent wall

of the local surveying building
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Table 2.1 General facts about the local surveying building

. 863-1, beomcheondong, Busanjin-gu
Location ) .
(latitude 35.1°, longitude 120.01°)
Structure Reinforced concrete structure
Use Office building
Story Ground 27, Underground 7, Roof
Architectural .
rchitectura 56,.334.26 m"
area
Scale
Air B w
ditionin Basis floor @ 11335 m”
conditio
g Total : 29,860 m’
area
Height Basis floor : 4.0m Total : 1108 m
Cools Absorption heating and cooling unit
(0101504}
8 (00RT 3set, 100RT lset)
Heat Absorption heating and cooling unit
resource . (1,512,000 Keal/h 3set, 302,400 Kcal/h 1set)
Heating .
Steam boiler
(1.5 T/h 2set, 1.0 T/h 1set,)
Arir CAV+FCU : 1, 4, 5, 12, 25 Floor
conditioning VAV+FCU : 6, 7, 8, 9, 10, 11, 13~24 Floor
system CAV : 2, 3 Floor
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Table 22% 254 AZs7] A¢ Fuel 2% depd Holoh B/1%
Wel - %% ZHe AsH QA ithermo couple)st FEAH, F71% el
AR4EE AZe7 A4 GARSAT TERPon, AR - F - oS
FRael 24sA. 295, B7129 QETIA JF, LE, FEE FH
shelch

A% 79 #7¢ 47 A% 44 137 SPFol AP 2A8
o £xs FE UIIRe FRAen, S4B TP EEAS LE 4
Astd ABol AYS T AU HE FRAYG 5 ANVL 5 v
Mo 2447 F% ERsslch

T9, AABE DATAE #4Pelstel 2t Bo¥e Bagdons Yz
$82 5 Y= Hgn

Table 2.2 Measuring equipments of heat properties

Measurement

Equipment

Data logging

FLUKE NetDAQ (America)

Temperature

Thermo couple (Korea)

Humidity

VAISALA HMW20UB (Japan)

Atmospheric pressure

VAISALA PTBI100A (Japan)

Air velocity

TSI model 8455 {America)

Direction and velocity of

the wind

VAISALA WAV151 (Japan)
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759 4AERE AZsY] AT FHAAE 7159 4 0ms ET

(108m), 62 (H2% : 20m), 16% (F&% : B5m), 263% (&FHF © Olmos

sRsgon 2 B9Ez FREYC Table 238 F71%9 94 542 ¥
stav] Qs FANAES el Aol

Table 2.3 Measuring positions in air vent wall

Position Measurement

T t 1, Ai locity 1,

Ventilation inlet - outlet cmperature . rveloelty

Hurmidity 1

5th floor (20m) Temperature 1', f’\ir velocity 1,
Humidity 1

16th floor (55m) Temperature 1', fAir velocity 1,
Humidity 1

%5th floor (91m) Temperature 1-, Air velocity 1,
Humidity 1

njo

Table 24% %919 87 AZd7 98 2P FPYRE ek

Z}Z} Table 2.5% Fig. 2.3, Fig. 24

o
4
©
=1
8*)
Frd
N
rir

Aolth. AAHA &
o pEnggle

Table 2.4 Measuring positions for estimating environment

Position Measurement

Solar radiation 1, Humidity 1, Temperature 1 ,
Rooftop Direction of wind 1, Air velocity of wind 1,

Atmospheric pressure 1

Atmospheric pressure 1,

Ground (outdoor) L
Temperature 1, Humidity 1
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Table 2.5 Measuring positions and drawing marks

Division Mark sensor Measurement Direction Hight
Inlet SA-1 3 Temp.(1), Hum.(1), Vel.{1)| South 1st floor
(2) iﬁi’l‘;};} OUT-2 | 3 | atm.(D), Hum.(1), Vel1) Outcioor
Inlet WA-1 3 Temp.{1), Hum.(1), Vel.(1}] West 2nd floor
Inlet WA-2 2 Temp.(1), Vel.(1) West 2nd floor
Inlet EA-1 3 Temp.(1), Hum.(1}, Vel(1)| East 1st floor
Inlet NA-1 3 Termnp.(1), Hum.(1}, Vel.{l1)| North 1st floor
Inlet WA-3 3 Temp.(1), Hum.(1), Vel.(1) | West 1st floor
Air vent SB-1 11 | Temp.(8), Hum.(2), Vel.(1)| South 6th floor
Alr vent WB-1 11 | Temp.(8), Hum.(2), Vel.{1}| Waest 6th floor
Air vent NB-1 11 Temp.(8), Hum.(2), Vel.{1}| North 6th floor
Al vent EB-1 11 | Temp.(8), Hum.(2), Vel.(1)| East 6th floor
Air vent SB-2 11 | Temp.(®), Hum.(2), Vel.(1) | South i6th floor
Air vent WB-2 11 | Temp.(8), Hum.(2}, Vei(l)| West 16th floor
Air vent NB-2 11 | Temp.(8), Hum.(2), Vel.(1)| North 16th floor
Air vent EB-2 11 | Temp.(8}, Hum.(2), Vel{l}| East 16th floor
Air vent SB-3 11 | Temp.(8), Hum.(2), Vel.(1)| South 25th floor
Air vent WB-3 11 | Temp.(8), Hum.(2), Vel.(1) | West 25th floor
Air vent WB-4 11 Temp.(8), Hum.(2), Vel.(1}| West 25th floor
Air vent NB-3 11 | Temp.(8), Hum.(2), Vel.(1)| North 25th floor
Air vent EB-3 11 | Temp.(8), Hum.(2), Vel.(1)| East 25th floor
Qutlet ED-1 3 Temp.(1), Hum.(1), Vel.(1)| East Roof
Qutlet WD-1 3 | Temp.1), Hum.1), Vel{1)| West Roof
Ontlet WD-2 3 | Temp.(1), Hum.(1), Vel.(1}] West Roof
Qutlet SD-1 3 Temp.(1), Hum.(1), Vel.(1}| South Roof
Qutlet ND-1 3 Temp.(1), Hum.(1), Vel.(1)| North Roof
Qutdoor SR(1), Di(1}, O_Vel.{1)
Condition OuUT=z 6 Temp.(1), Hum.(1), atm.(1} foof
Total 184

atm. . Atmospheric pressure
Di. : Direction of outdeoor air
O_Vel. : Outdoor air velocity
Vel. : Air velocity in the air cavity
Temp. @ Temperature
SR : Solar radiation

Hum : Humidity
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Fig. 2.4 Measuring points of the floor in the local surveying building
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Fig. 2.7 Solar radiation at each direction (25th July 1999)
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Fig. 2.8 Temperature in the air cavity
(height : 55m, 25th july 1999)
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Fig. 2.9 Solar radiation and materials temperature(25th July
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Fig. 2.10 Solar radiation and temperature difference between air cavity
and inlet (25th July 1999)
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Fig. 2.18 Heat transfer at each point of the wall (25th July 1999}
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Heat Transfer (kW/m°)
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Fig. 2.19 Comparison of heat transfer between general curtain wall and air

vent wall system(25th July 1999)
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Table 2.0 Removed and inflow heat quantitv to indoor [kcal/dayl

Length Removal Inflow
25 m 11793 3698
50 m 7962 4509
100m 4526 5223
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Table 2.7 The building’s condition of heat insulation for evaluation of
economical efficiencyil4)

Heat transfer Heat transfer coefficient of
Region coefficient of the the wall(K)
window none air vent wall| air vent wall
Central district 384 W/mK 0.72 W/m'K 0.35 W/nr'K
Southern district 419 W/m'K 0.89 W/mK 0.35 W/m'K
Jen island 523 W/m'K 1.17 W/m'K 0.35 W/mK
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Table 2.8 Comparison of initial cost between general wall and air vent wall

Initial ivestment coslL

Item - Remarks
General wall air vent wall
- Each area of wall Granite fabricating,
20,000won/ oy carrving, installation and
Metal \ . .
Truss - x11,721m working, annex material
™ = 234,420,000won cost, etc common cost
increase exclude
. - Each fire proof
Fire proof . . .
zomi ; zoning length B Material cost, assembling
Wall ng o 13,000won/m * 4,238m and working cost include
allleach floor| _ .
part = 55,094,000won increase
Worki . 7 .
orking Each ar(led of wall ? Working cost
of 3.240won/m' x 11,721m - (Material cost Hude)
insulation | = 37,976,000won increase iMaterial costexclude
. Initial investment cost of
Sub 93.070,000won increase 234‘4 20,000won wall part: 141,350,000won
total mcrease .
increase
- Central district : - Central district :
Capacity of 100RT decrease 58,292,000won decrease
cooling ~ - South district : - South district :
equipment 125RT decrease 82.933,000won decrease
decrease - Jeju Island - Jeju Island :
160RT decrease 115,385,000won decrease
Regional - South district -
insulation - South district © 1,000won/m’ decrease 11,721,000won decrease
material « Jeju Island : 2,000won/m* decrease + Jeju Island
decrease 23442 000won decrease

Increase of investment cost

» Central district :
83,058, 000won increase
- South district :
70,140,000won increase
- Jeju Island :
49.409.000won increase

% Wall area : 11,721m" basis
¥ The construction cost of general curtain wall was refered to the up-to-date prices

information data (comprehensive price information 02.8. & monthly circulating prices) and
calculated by the cost account table of producing and manufacturing which was collected

from the company.

Air vent system is calculated by considering of cost account and construction costs,

those are actually invested during performance evaluations for not only fire proof

estimation of actual size and airtight ability, but also experiment of heat properties.
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Table 29 Annual consumption of cooling energy in the model building

Central district

Southern district

Jeju island

Division
General | Airvent | General | Air vent | General | Air vent
Consumption(Gceal) | 1,524 1,410 1,715 1,560 2,018 1,799
Reduction 114 Geal 155 Geal 219 Gceal
Reducticn ratic 7.5% 9.0% 10.8%

Table 2.10 Regional cooling and heating energy consumption

Division Ceniral district | Southern district Jeju Island
Cooling
y 2.726,000won 3.682,000won 5,200,000won
consumption
Heating
i 5,840,000won 6,105,000won 5,601,000won
consumption
Total 8,567,000won 9,787,000won 10,801,000won
Payback period 97 vears 7.2 vears 4.6 years

# Gas price @ 250won/m’
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23 Agge #4 Az 7S Figo 31 vdebdided, 238 dae
Abgg A Ao Table 3.1 Vebgiich [1-9]

Fig. 312 28 Azde 74& Ve 3ol 49 A& #Zdgw 3
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At ooy F A Hroom)Z FAEA vk 2y, S de|Sd
F7re F71 %87 (air conditioner)g A&t F7lel 2EE dHsiA FA @
T AEE sFH

T e A Atole] o] 2.4m, & Im, T4 30mmel % wtEAE 24 A
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Table 3.1 Equipments for experiment

C-C Thermo-couple (0.3}
Hybrid recorder{ YOKOGAWA)

Climomaster (KANOMAX 65113

Multi channel anemomaster

Temperature

Air velocity

Watt-meter
Sliducs(d kw)

Air conditioner

Electric power

Temperature control Reheater
Plate heater
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Fig. 3.1 Schematic diagram of the experimental model

(Front) (Back)

Fig. 3.2 Figure of the wall for experiment
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Fig. 3.4 Figure of the plate heater
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£71%0] JHAE WAEAE Botaly] Asted 7 Case® TR, BAHL

Z AYL AANEFT 7 Cased A8 EHE Table 329 2.

}

ol

Table 3.2 The experimental purpose in each case

Case Changing factor Experimental purpose
C I Opening or closing of air | Comparisen of performance
ase i . .
cavity for opening and closing
) . . Comparison with air velocity
Case II Air cavity slit width control P . . )
change in the air cavity
. Comparison with change of
Case I Input heat quantity . .
mput heat quantity

Case [ 4% gase] 4Basts 284 +#

oAl AbRE]E Ao HFE vl uSE o
Caseld o] A= d
¢ JAsA FAANAT 282

=

Haglel me E71% W

_72_

717} E@ske WHDR 9%, 27%,

7FEE



Caselll e &£3EFS 3cm UNFHAY 27%)8 245, HEa2

2S 240W, 360W, 480W=Z WA g ozs, oA £UdFe] mE F

Table 3.3¢ 7} Case® HIAZFHES Uebd Aol

Table 3.3 Experimental conditions in each case

Opening Ratio 47T Q v
Case .
[95] [C] [kcal/h] [m/s]
Open (100%) 0.21
Case I 3 1315
Close (0%) x
9 88 0.08
Casell i 3 93 0.14
54 93 0.23
200 0.16
Caselll 27 3 307 0.18
421 0.21

AT : Temperature difference between indoor and outdoor
Q) | Heat quantity
» 1 Average air velocity in the air cavity
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shojof ).

Table 4.1 Airflow network node data in ESP-r program

Tvype

Supplementary data

0. Internal : unknown pressure

None

1. Internal : known pressure

total pressure (Pa)

2. Boundary : known pressure

1} total pressure (Pa)

2} fluid temperature flag, indicating
0 = node temperature is constant
1 = node temperature equals

outside air temperature

3. Boundary @ wind pressure *

1) wind pressure coefficients index

2) surface azimuth ( clockwise from North)

* Only avallable when fluid type is air
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K, a: %

Table 4.2 Constant of each location (K, a)

location K a
plain ground 0.68 0.17
hill 0.52 0.20
small - middle city 0.35 0.25
large city 0.21 0.33
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Fig. 4.3 The model building of Simulation

Table 4.3 Heat transfer coefficient of simulation model

Division Out wall Indoor wall Roof
Section l
I
HTC 0.35W/m2K 0.22W/m2K 0.27W/m2K
Division Floor Dividing wall ‘Window
IR
O g E]l’
] L o
Section 1 N I
i [ &] i (} é ‘ b E_
HTC 1.03W/m2K 0.16W/m2K 2. 75W/m2K

# HTC(Hcat Transfer Coefficient) is 0.35W/m'K and it is equal in the air vent
wall system and general wall system
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Fig. 44 Annual simulation result of cooling energy consumption
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Table 44 Annual cooling energy consumption of simulation model

Cooling energy consumption (kWh)

System | Jan | Feb | Mar | Apr [May | Jun | Jul } Aug| Sep | Oct | Nov | Dec | Total

general 0 0 0 0 0 9 43 | 65 | 22 1 0 0 140

air vent | 0 0 0 0 0 8 42 | 62 | 18 0 0 0 130

013 kW/m'Z et 71728 HEFE Fe oF 30% o9 Hd Wrys;

7} ApEE Ao E e
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Fig. 45 Simulation result of cooling load at peak time
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Fig. 4.7 Main boundary laver temperature of the wall
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(b) air vent wall system

Fig. 4.8 Variation of boundary laver temperature
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Table 45914 Rol upeh go] Uatel o% WHRs7t aA BAsh: B

i

714 doly 74 2149 WA @EEL2 AvbFIo A4 2.299%kWhldl ®
3 FrlTxe WA= 1462 kWhE AES F7]727F dvbaze] vlsf o
35% ol ZAdE AR ‘EwTh

Table 4.5 Cooling load of building applied air vent wall (unit : kWh)

Heat load general system | air vent system
QOutdoor air 0 0
Men 0 0
Lighting 0 0
Equipment 0 0
Heat transfer of wall : outside 0 0
Heat transfer of wall ! inside 2.299 1.462
Total 2.299 1.462

443 917] EQo) BE Rat 54 NBHo A

BA dEAAE TG HA FoA e HrGRRIS 71AS7e o o
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A=A 15000 “ x 10000 Mx3600 “'mm TFREER HdAINEm ML
7NEES TR F3d3gY alziA "o HARE xWHoEREH 192m

of £V AT FHel W FH(one)e 142 AU

L AlEEeld g 3 e

YRt HAF 2= A 8mmE HFE 7Y vtE F xRy, HaA T
T wvE ST wE THE AAE UG, T YATFxRE T
g ?EA 80mmE FHF-5tal, HAs dEA Aol FolM FIHFel T

st 839 Bk GRE WEol e Fxolnh of A JETaE
o

Tl VI =RFE SevtEA A7 Aol E sta 7] =i o E o

}
@ Case 1-1: dwt++= 97]=¢) (0.27ACH)
@ Case 1-2: &7]+3 + &7|2¢ (0.27ACH)
@ Case 0-1: dWrF2 + 9)7]%% (0.96ACH)
@ Case I-2: B7]7% + &7]1=¢ (0.96ACH)
© Case M-1 : ARFZ + 2}7]=9 (1.68ACH)
® Case M-2 : 7173 + 97]=¢ (1.68ACH)

@ Case IV-1 : ¥l % + 71%=¢] (23ACH)

® Case W-2 : 7132 + 27|29 (2.3ACH)
@ Case V-1 : 93z + 917]%9 (28ACH)
0 Case V-2 : B7|7% + ¢|7]|=%] (28ACH)
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Table 4.6 Amount of ventilation in each case[15]

Case ACH Remark
The least amount of ventilation of
case | 0.27 office building

(Almost no outdoor air inflow)

The least amount of ventilation of

casell 0.96 office building
caselll 1.68 -
The least amount of ventilation of
caselV 93 office huilding
(Actural environmental condition of
office building)
caseV 2.8 -

* ACH : Air Change per Hour

(2) NEHIA =3

18l AP 247 el F 26700 Eow TSR BUFR %

o

L= 2F20 F77l YER WSHEE V) HF UEYIES FATozy
TES 08 FUIEHeE AgY oA stdrh

7h Az 44

b

4 A2 F8 FERAA g A5 E4HAE 49 Table 437 Table 4.7

of YERd Wi 2o},
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Table 4.7 Heat transfer coefficient of the wall

Position Heat transfer coefficient (K)
Outside wall 0.35 W/m® - K
Ceilling 3.14 W/m® - K
Floor 314 W/m® - K
oAzt 717, 2 A4S B Uy gd

TF, B8, dads vd A4, 717, 2% 2AFL Table 483 Zth

Table 4.8 Available schedule of model building

Division Weekdays Saturday Sunday
Room .
condition
Equipment . _—
Lighting _L S SRR
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Fig. 49 Simulation model building and airflow network of air vent wall
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Fig. 410 The saving cooling energy according to outdoor air
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Fig. 411 The efficiency of saving energy of building applied air vent wall
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“That condition of mind which expresses satisfaction with the
thermal environment”: 1SO-7730

"Thermal comfort is defined as that condition of mind which
expresses satisfaction with the thermal environment”. ASHRAE

St.55-81
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Fig. 5.3 Concept of PMV

Aol @ ¥ohd 2¥ Y YASRE el Bis dwew vHd 4
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2 ATAZ FEY = 0Y df SREHLIE 0clgte 27|21 E ddste] 73
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—% 03036 I L 0008 s 5.1)

PMV = (0.303¢ M. 0.028)
(M-W-E g -Frc=CraemRoC)  oeeeeeees s ees s serec e (5.2)

M : rate of metabolic energy production [W/m"]
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E. - rate of total evaporative heat loss from the skin [W/m-]
Fre © rate of evaporative heat loss from respiration [W/m’]
Cres : rate of convective heat loss from respiration [W/m’]

R : radiation heat loss [W/m”]

C : convection heat loss [W/m®]

Table 5.1 Scales PMV

PMV English Korean

+3 hot @t

*2 warm u} &= 3ok

+1 slightly warm o7t whiE T}
0 neutral 4

-1 slightly cool ek AlEETt
-2 cool A5 3t

-3 cold o

Table 5.1 PMV ~#2g edo] 2 5oz EAF Ao B ATolA

sEAd Aed TdelY. doiu B3 m@el A dojste] ol

=

Aoz 9 Hegge xEsvlde o= AEE BEde ddm A7l

i

o},

¢

PMVE A4da theel FFA SHTE BAF Aolehs S Feidel
sdl, PMV = 07} Sl& @2Z2dME £BHOR WHS UEHA BT

Abzro] it} Fanger: @At 28 Sa 2@z -1 0, +1 o€l @a A

T8 Alge B&e EUELPPD)R dte] PMVE BEHE A& FEHOU
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Croe*Ee=[00014 - M - (34-1,)+00173 - M - (5.87-P_ 1A
a7\ A, my. HE7F [kals]
Wty HIEEE 3719 FdF=(-] 2 258 [C]

Wt EdsE 279 AdFE] R 2% [C]

~l &k g o}
B0 K e * Mmoo seeeoseeeees oo sesesres s s (5.22)
£ = 32640066 « 1,432 + W goooooooeoeeseoessssssees e e ssessssee oo (5.23)
W~ W, = 0.0277+ 0.000065 £, ~0.80 * W yrroesrmrrrsssemeeerresssnsosrrssnren (5.24)

a7 A, K, B #44 [0.00516 kg - m/k] or 0.30 kg/h - met]
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Table 5.2 Heat production in rest state[25]

Heat Production
organ Wt(%BW)
(kcal/h) (%6 of total)
Brain 2.1 12.5 16
Kidneys 0.45 6.0 7.7
Heart 0.45 8.4 10.7
Lungs 0.9 3.4 44
Splanchnic 38 26.2 336
organ sum: 7.7 sum: 724
Skin 7.8 15 19
Muscle 415 12.2 15.7
Others 43.0 7.3 10.0
sum: 923 sum: 276
Total 100 78 100
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Table 5.3 Equations to estimate mean skin temperature
{quoted from Tanabe)

Author Equation of mean skin temperature

Burton T. = 0.5ty (chest) +0.14t , (arm) + 0.36t , ( thigh)

T, = 0,043t . head ) + 0.0550 ¢ face) + 0.081 * 2, { abdomen)
+(1.1861 ., (back ) +0.082t 4 (upper armi~(.061t(fore arm)

Kurata

+0.063t 4 (hand) +0.172t o (upper thigh)

+0.134t, {lower thigh) +0.072t, (foot)

Mitchell & 1.7 0.07t 4 ( face) +0.35/4t 3 { chest) + 0.35/4t , ( abdomen }

+0.7/41 4. {back) + 0.14t 4 (upper arm)~+(.05t 4 (hand)

Wyndham (119t {upper thighs)-0.130, (lower thighs)+ 0.07ts(foot)
.= 0.07t (face} = 0. 1t 4 ( chest} + .09 3L, { back)
Nadel
<0.07+ 2t (arm) +0.11 L, Chand) + 0. 16t ( thigh) + 016t (foot)
.=ty for ehead) X 0.07 + 1. ( forearm) x0.14«ty (back of the hand)>0.05
Hardy & : ‘
. +1t gl abdomen) X 0.35+ty (upper thighs) X0.19+t,(lower thighs) x0.13
DuBois

+1 4 foot) % 0.07

Olesen® thebsh zo] 278t FEAR S8 #H87] AT & T4
Ho® $Eat%X, Fangerts tAEe BE=H BFudd TEE FIT A=
At & QA gxeg FTHE FA] Al FAE7) SR A
LdrE BEEE

TEx w4 Eoh

1= 35.7 - 0.02750M =W ) oot esessessssnssnneees s (5.25)

T ETEReE [C]
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Icl
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clo|mC/W
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Table 5.5 Typical metabolic rate on various activities[23]
{from ASHRAE fundamentals, 1989)

W/ m' met”
Resting
Sleeping 40 0.7
Reclining 45 08
Seated, quiet 60 1.0
Standing, relaxed 70 1.2
Walkington the level)
0.89 m/s 115 2.0
1.34 m/s 150 26
1.79 m/s 220 38
Office Activities
Reading, seated 55 1.0
Writing 60 1.0
Typing 70 1.2
Filing. standing 80 1.4
Walking about 100 1.7
Lifting/packing 120 2.1
Driving/Flying
Car 60-115 1.0-2.0
Aircraft. routine 70 1.2
Aircraft. instrument landing 105 1.8
Aircraft, combat 140 24
Heavy vehicle 185 32
Miscellaneous Occupational
Activities
Cooking 9%-115 16-2.0
House cleaning 115-200 2.0-34
Seated, heavy limb
movement 130 22
Machine work
sawing(table saw) 105 1.8
light({electrical industry) 115-140 20-24
heavy 235 4.0
Handling 50kg bags 235 40
Pick and shovel work 235-280 40-48
Miscellaneous Leisure
Activities
Dancing, social 140-255 2.4-4.4
Calisthenics/exercise 175-235 3.0-4.0
Tennis, singles 210-270 36-4.0
Basketball 290-440 5.0-76
Wrestling.competitive 410-505 70-87 |

a) Compiled from various sources, For additional information  see
Buskirk(1960). Passmore and Durnin(1967). and Webb(1964).
b) lmet = 582 W/m’

- 145 -



54 E719A) Hgo] BE 487 ¥4

541 ¥4 249

A EA ABeeld RasE S ten gL RS V2R HAG

O Ay 2719 ext Frlzstel g8 26TE FAHH, drre) RS ¥
= 9w olgjelx 7 wHel exvl Hule £E9 FUsH

@ gEEe kol 24mz d¥l HL ALse e Ao® U

@ wus wee BASAYASL (a)F 45 keal / m’ b T, 22

@ HAETRL B3 A2 FYsE EF2 117 kcal/m’h2 #tt}.
& PMVS SET 9 AatalAdes o 06 clo, thA e 1.lmet, AFE & &
04 2 3ot

o)ate] 7hAel wel ®ds & ANED S Fig. 5.11¢l JEpRC

- 146 -



2400 : i Q ‘QL Q o) ¢
! 50 500500 500500500

Fig. 5.11 Simulation model of indoor environment
542 BA2x e A4l

Aol AbgE e thE 3 ZTh[28]

(R LR L e R R—— (533)
o 7] A T, DEIIER(T)

T, HEMEIZEC)

T, = E2H2% (T

9y, @ EREZEH HAHE & FHAT

B A= Fig 51201 o#Aa Fargon, BALRe Hxd B

&
o
it

Fig. 5131 vt At

- 147 -



R
o 5N
0 e
: -t
5
5 ) LJ/ 0‘:
&, Z 1/ 65
- Ga |
I /‘,/J 50" L]
L1141
I %% oz
- ///// LA —/44"':112" a
0P T : T
7 o i t ;
? //// /]’ : 1 ¥=0.1
: ;
L Az I
oL L A LA ‘
N4 1|
a4 ¥
A4 4Rt ;
// L '
1o -2 . i l | w1 { 1
! 2 3 & 5 678 10° 2 3 a4 5§78 10 2 o

Fig. 5.3 Geometrical relation of angle factor

- 148 -



Table 560 T7] Al2dz ZHAY F

272 ehRgeh

TE T2

9]

H| o

5 A% A%

Table 5.6 Evaluation of thermal environment using radiant temperature

Fig. 5.14 Distribution of radiant temperature difference
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Differance of
‘ Shape radiant PMV SET’
Distance| h/d
factor temperature
Close Open Close Open Close Open
0.5 241 90 3.14 0.39 06936 | 0.2310 276 26.2
1 1.2 70 278 0.30 06342 | 0.2164 274 26.2
15 08| 53 1.84 0.23 04751 | 0.2048 26.9 26.1
2 06| 43 1.50 0.19 0.4164 | 0.1981 26.8 26.1
25 048] 35 1.21 0.15 0.3679 | 0.1916 26.6 26.1
3 04| 3.0 1.04 0.13 (03395 | 0.1883 26.5 26.1
35 0347 2.7 0.94 0.12 0.3228 | 0.1866 26.5 26.1
4 03] 23 0.80 0.10 0.2995 0.1833 26.4 26.1
45 027! 20 069 0.09 0.2812 0.1817 26.4 26.1
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