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Nomenclatures

C Convection heat loss [W/m?]
clo Clothing level [-]

Cp Specific heat under constant pressure [J/kg. K]
Cres Rate of convective heat loss from respiration [W/mz]
d Production of diffusion substance [I/s]

Dm Diffusivity [m?/s]
DBT Dry bulb temperature [T

Esk Rate of total evaporative heat loss from the skin.  [W/ m?]
Eres Rate of evaporative heat loss from respiration (Wi mz]
H Specific enthalpy [I/kg]

k Turbulent energy [m?/s]
K Thermal conductivity [3/m.s. K]
M Rate of metabolic energy production [W/ m?]
met Metabolism [W/ m?]
MRT Mean radiant temperature [T

p Pressure of fluid [N/m?]
q Caloric value [3/m>.s]
Q Air volume m%h]
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Gas constant

Relative humidity

Temperature

Temperature of fluid of solid
Standard temperature of fluid

Mean radiant temperature

Fluid velocity in the direction of xi

Air velocity

Volume of room

Mechanical work load

Convective heat transfer coefficient
Radiant heat transfer coefficient
Body surface coefficient of expansion
Coefficient or air change performance
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Eddy viscosity

Local air change index
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The analysis of thermal environment by supply angle

of wall-hanging air conditioner at sleeping in sumner

Lee Sang ho

Department of Refrigeration and Air-conditioning Engineering

Graduate school, Pukyung National university

Abstract

In summer, main cause which feel displeasure is Tgrarature and humidity.
Human is influenced by solar radiation at daytime ad is influenced by the

tropical night phenomenon which keep up 2&hrough the night. For the

minimum displeasure, we use the air conditioner witch control temperature
and humidity. Generally, air.conditioner divides stand air conditoner and
wall hanging air conditioner. Among them, wall-hangng air conditioner
operates in room such-as bedroom. It operates bottiaytime and night time

including sleep. But supply angle of air-conditione didn’t consider at sleep

time. Thereby supply air of air-conditioner has comiderable a impact on
human who is sleeping. If human exposes cooling #ow, human may have
headache, suffocation and body heat lowering becausf rapid heat exchange

between skin and environment. Therefore this reseah analyzes thermal
- VII -




environment by supply angle of wall hanging air coditioner at sleeping in
summer. Above all we compare experiment data withisulation data at
supply angle 60for the accurate simulation data. Then simulation dta
Supply angleof wall hanging air conditioner dividefive CASE(15’, 3(°, 45°,
60°, 75°). The analysis factors are airflow, temperature, MV (Predicted

Mean Vote). Through the analysis, this research fiths optimal supply angle at

sleeping.
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PPMV = E3F off] A5 ste] ANE 5 Sl
PMV =(0, 303 ~0-0M 4 5 928}
(M_W_Esk_Eres_Cres_R_C)
= (01, 303 ~0-0M4 o 029)

x[ (M —W)

— 3,05 =10~3(5733 — 699(M W) P)

— 0. 420 (M= W) —55.15) . wE,
—1.7=10 " "M(5867 — P) Spup Em

_':] Gﬂl-ﬂM(Si—t :' " Cres
—3.96x10" %((t 1+z?3)" (t +2?3}") W R

—fgh (ty—ts)]- e 1)
o] 7] o] A,

ta = 35.7—0.028 (M =W ) —1Iy{3.96*10-8 fy

# [ (ta+ 2730 = (te £ 273)% ] + g he (ta = ta )}

he = 2.38 (to'= ta)0.25 for 2.38 (tg — t,)0.25> 12.1 root (v,

he = 12.1 root (vy ) for2.38 (tg— t,)0.25< 12.1 root (v, )
fqg=1.00 + 1.290 1, for 1,< 0.078 m''C/ W

fqo=1.05 + 0.645 I, for I,> 0.078 m'C / W

o] 71|, M : &5 (metabolic rate), &< @ AA EHA 2] W/m,
1 metabolic unit = 1 met = 58 W/m’

W 95 4 (external work), ©@$] @ W/, &2 &5o4 0

I o1& g7k (thermal resistance of clothing), & @ m*C/W, 1
unit of thermal resistance of clothing = 1 clo = 0.155 m*C/W

fo 0 YAIY A UA A thsh 2o A] QIA 24 vl&

t, . &7] % (air temperature), ©¢ : C

t, : H BAFEE (mean radiant temperature), ©% @ C

Vo o 3O 715455 (relative air velocity), @9 @ m/s




ii) PMV AxF &+ A3 PMV 2 Aol AFgE = A%

e 2,

g

1) %% (metabolic rate): olg] %5 Fx=2 sto] AAbsith BE

49 g F, oAl gk A Ax AL Mo BEFL 1 2 o] of

S AEow AW BT,

Metabolic rate
Activity
W/m*C met
Reclining
Seated, relaxed
Standing, relaxed 46 0.8
Sedentary activity 58 1.0
(Office, dwelling, school, laboratory) 70 1.2
Standing activity 70 1.2
(Shopping, laboratory, light industry) 93 1.6
Standing activity 116 2.0
(Shop assistant, domestic work, machine work) 165 2.8
Medium activity
(heavy machine work, garage work)
2)9E5e] @ ghlclo): oF AL @2 A TR d T o=
A7QEE DA ool BE Bato] 2AE 4 ek ”




Clothing ensemble

Icl

(m' 'C/W) (clo)
Nude 0 0
Shorts 0.015 0.1
Typical tropical clothing ensemble : 0.045 0.3
briefs, shorts, open—neck shirt with short 0.08 0.5
sleeves,light socks and sandals 0.11 0.7
Light summer clothing : 0.16 1.0
briefs, long light—weight—trousers, open—neck 0.23 1.5

shirt with short sleeves, light socks and shoes
Light working ensemble :
light underwear, cotten work shirt with long
sleeves, work trousers, woollen socks and shoes
Typical indoor winter clothing ensemble :
underwear, shirt with long sleeves, trousers,
jacket or sweater with long sleeves,
heavy socks and shoes
Heavy traditional European business suit :
cotten underwear with long legs and sleeves,
shirt,suit including trousers,
jacket and waistcoat, woollen socks and heavy

shoes

-10 -




Icl

Garment

(m' - CT/W) (clo)
Pantyhose 0.002 0.01
Socks : light 0.005 0.03
heavy 0.006 0.04
Underwear : bras and panties 0.008 0.05
half slip 0.020 0.13
full slip 0.029 0.19
briefs 0.008 0.05
undershirt 0.009 0.06
Shirt : T—shirt 0.014 0.09
light, short sleeved 0.031 0.20
light, long sleeved 0.043 0.28
heavy, short sleeved 0.039 0.25
Skirt @ warm 0.034 0.22
Dress : light 0.026 0.17
heavy 0.098 0.63
Sweater : light, short sleeved 0.026 0.17
heavy, long sleeved 0.057 0.37
Jacket : heavy 0.076 0.49
Trousers : light 0.040 0.26
medium 0.050 0.32
heavy 0.068 0.44
Shoes : light 0.006 0.04

FAF(Clo)E AN PR o dE gRFFom Ais:

PH (e, e A)e] glom 1 AL ofsl 2ot
X

clo(male) = 0.000558 x ¢

T Flgl + 0.068




(2)
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Fig 2 Flowchart for CFD analysis
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Table 1 The summary of a room
Classification Contents
Dimensions 4.2m x 3.6m = 15.18°
Ceiling height 2.6m
Window (Double window) 1.5m x 2.0m x 2EA
wall: 0.5 kcalf’'hC
Coefficient of heat transmissioff
Window: 2.9 kcali’hC
(e NN
TA -

3.2 43 9 SAHAA
ISO-773¢1 w2t ¥vkE 9 0.1m<e}

=
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S

3214344
AL o Mg FEe e 1.1mee] 2 EAE 54t vl wsty
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Photo 3.1 Completé view of experiments
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Fig 6 Sketch of the ceiling type air conditioner
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Distribution of room temperature[20min]
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(b) CFD simulation result

Fig 7 Horizontal temperature distribution (F.L+1.1m)
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Fig 8 Model of the numerical simulation

Table 2 The summary of a room

Classification

Contents

Dimensions

4.2m x 3.6m = 15.1%

Ceiling height

2.6m

Window (Double window)

1.5m x 2.0m x 2EA

Coefficient of heat

Transmission

Wall: 0.5 keali'hC

Window: 2.9 kcalithC




Table 3 Boundary condition

Persons Model 1.70m (2node)

Core Temperature: 368 ¥

Wall-hanging Air-conditioner Control range : 2€

Temperature Initial temperature: 28.8

4.22 90| dojAe HEF=E 2H

Hdo] A&z A4 V= coje] HEAR HHE FHoR
60" & 7o otof )& ampoll A AR Aol ofsiA A skl
H2 ZEs 15 ol 75 7HA] 15 A s £ st Table 4.3

CASES] ¥ AZZEE Yehil ZolEk

Table 4 The condition of supply angle

Supply angle( ) Airflow(m/s)
CASE1 15
CASE2 30°
CASE3 45° 2m/s
CASE4 60"
CASES5 75
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Fig 12 Horizontal temperature distribution of F.L+0.8m
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