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Abstract — This paper is focused on the research of environmental and human factors for a design of PMV-
based air conditioning system in the ship. In the results from environmental factor research, it is possible to dis-
satisfy thermally in the wheel house and communication room of 25 ton and engine room of 100 ton. The cloth-
ing and activity in the ship is modified using inland indoor characteristics. Thermal resistance of clothing may
be more sensitive to PMV (predicted mean vote) than metabolic rate because of large deviation among maritime
polices. The distribution of human factor is right long-tailed than standard normal distribution.

Keywords: Thermal Comfort(d &), Environmental Factor(Z#] 429 Q 4), Human Factor(F %% &
Y 2 4), Distribution of Thermal Factor(£% 242 ¥3), Ship’s Cabin(:i4])
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Table 2. Thermal resistance for clothing ensembles of maritime police

I(:l,i

Garment “T—/W_‘
Hat 0.03  0.005
Head" Ear plug 0.02  0.003
Mask 0.03  0.005
light, short sleeved 0.14 0.022
Shirt light, long sleeved 022 0.034
heavy, short sleeved 025 0.039
heavy, long sleeved 029  0.045
Necktie 5%
. i B .
I s 18 5
Sweater light 020 0.031
heavy 037 0.057
i 22 .
- oz o
Underwear 0.05 0.008
light 026  0.040
Lawer part Trousers m%edium 032 0.050
heavy 044  0.068
light 003  0.005
Socks vy 0.04  0.006
Footwear light (slippers, sandals)  0.02  0.003
Shoes shoes (sneakers etc.) 0.04 0.006
boots 0.08 0.012

1) There is not the thermal resistance of head part in ISO 7730. The
assumed values of hat, ear plug and mask should be confirmed.
#1.0 clo=0.155 m*C/W=0.133 m*h°C/kcal

¥ 1y=0.82 sum(l;)

Table 3. Metabolic rates of different typical activities in the cabins

Metabolic rate

Activit
cvity met W/m?
sleeping 0.7 40
Rest reclining 0.8 45
s seated, relaxed 1.0 60
standing, relaxed 12 70
slow 2.0 115
Walking moderate 2.6 150
fast 3.8 220
typing, computer 1.1 65
. sedentary activity 1.2 70
Affairs standing activity 1.4 80
packing/transport 2.1 120
Equipment handlin light machine work 2.0~24 115~140
quip J heavy machine work 4.0 235
cooking 1.6~2.0 95~115
etc. cleaning 2.0~24 115~200
exercise 4.0 235

*# exercise: running, table tennis, foot volleyball, etc.
3% 1.0 met=58.2 W/m*=50 kcal/m*h
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Table 4. Dry bulb temperature and relative humidity in various ships

?g—ulé\; . 3{4']-_“:_ =FS

by - olaF - R

Subiect 25 ton 100 ton 250 ton 1000 ton 1500 ton
ubjec
) DBT(°C) RH(%) DBT(°C) RH(%) DBT(°C) RH(%) DBT(°'C) RH(%) DBT(°'C) RH(%)
‘Wheel house 16.3 59.6 22.0 47.9 22.2 46.4 23.8 54.6 21.0 36.9
Communication room 20.3 41.8
Accommodation 1 18.1 56.8 24.0 47.6 23.7 43.2 29.0 46.1 21.3 42.6
Accommodation 2 21.8 53.6 24.5 40.8 25.6 554 21.8 439
Accommodation 3 20.4 43.0
Training room 23.6 53.9 211 40.6
Messroom 21.5 63.6 20.8 42.7
Engine control room 22.8 51.7 24.5 35.6 25.8 49.0 22.0 44.4
Engine room 19.9 39.0 24.3 37.6 21.7 34.0 24.7 52.8 20.8 38.2
Auxiliary machine room 26.7 479
100% . -
80% Relative humidity
60%
40%
Humid
Cold & Humid / v ‘ 20%
&> f: -0‘.‘- c
Cold & Dry .‘ @
P
’ & Hot &
<>\ Dry
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%25 ton [J100 ton  £A250 ton (1000 ton @1500 ton
Fig. 1. Thermal comfort zone.
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Fig. 5. Distribution of on-board total thermal resistances of clothing.
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Table 5. Kurtosis and skewness of human factors

Thermal resistance of clothing ensembles

Statisti Metabolic rat

AUSHES etabolic rate Spring Summer Fall Winter
Kurtosis 1.127 2.104 8.761 0.652 0.865
Skewness 1.432 0.980 1.837 1.195 0.732

ok A FF o GARATL P & AEE ZEeROI
2w, H 0.0910.03 m*C/W, 435 0.0710.02 m*C/W, 7H& 0.09
+0.02 m*C/W, A& 0.1220.03 mPC/WeE ZARE T

1, 1000 ton Y 7} AN AdUAE 2B Jxg)
)¢} Az @A A (NS AL 2441702 ke 3
o ulal] @k}, S, AR -SE FU)olA 1900] o7 AEH] o)
E718F o) e @gtem® thE o) vla] AHE vk
3 2ke 2 VeRdol o17)4, 1000 ton S8l T3t Fa4 29
Q43 B2 g MEE o AA Sxdolds A

B2 AOE Wol ol Rl

33 FHN 2¥eso| B

re
—"J
2,
x
flrom
}:,
FN

XN

= THEEY] TARS AESIL SAFCE
7P ko Bl o) 8H s i) vjwale] ofd

M

ARANET F o AAFEA Y] FE E3E ) §HY B
= F8d 2494 A8E PHOE Crystal Ball 5.5 o831
Fig. 4 283 Table 59} 2T} Table 55 ¢

Eo} AT HEOITh AT WER AES, A=k Fel vhsh
=
[«3

bor
2
b
o
£
ih3
&
F]F

NAGAEE DR TRE 3

# e
A3 B SR A2 2 4 A, ohs Table 52 ShEgk

Fig. 58] B2} Table 59| AEE ARE F o8 A A
A= BT 050 kg Bo] g sk tiAlE 2 BFoR 1
Aok ohek, AEHe] A9 AEst
T} 7P ZARIG A Ay,
B ouvt AA EEA0] 9E WES FelE BRA AR
EFYFEETARC W2 HEE Ve 28y o 52 8761

£ EFPTRE Fuch o 3 GRS B HES ngich

ic)
N
o~
=
fu)
o
H
bl
alt
T
9,

o
3
i

i
iy
o2l
=
2=
NJ
2

EYA
e sies)
o} gol, AT eI HEEH WPHE o8 AL T
PH LQoat B R D ¥ 7 BEFAAE 3

FEERT dEETEER Qs Zo) Bhae Ao® ekt
o Jeh & o geke e A2 ol AEs) o gl &
wg F A7kl & Zeld),

4.4 B

B =Rola= 25, 100, 250, 1000, 150022] 4o s} =
EM, BAIA, HAL, A4, Al 7130, 71 W odd )
Aol &% 2 HUEEE AZ31a 250, 500, 1000, 15008 T
4o w3es o HAEIE S e SIS
Brpseh. A7 A= oy 2o, A AAA] 29 3
Ve F3 AAFe|1 HA sk AF-ddhd Alaglo] EE]o

of Stk M2 e nolFE 712 ART o187 4+ g ROl

Tt B 7] Avks AR $Y) e w1k wEE 4
2of Z1918ka 9lat 3 SUeAvt Adel wF A% B T
A 2ol B JTE WA 0|2 TelalA] ggorE 34
Aol g dlES Bushs 2ack deb 35 oleld
2 ;ElRt Bk AEA AT R Rolnk

() B4 2AQEQ LG YTREE ZHAN 25E T
ZEMI3 BAAE T Fokgion, 1008 $AS /1BAe &
& o2 Ueht 93 BulEe] MAE Ao wadrh. w3,
by

Bl ST 10002 B3 A5 7 A9 43017}
27 et 44 ofEA 92 2A-E e 7h54ol

@ F83 2den F A% I AP 2E P 4
oA H2d Aole] Habk AN AAchkEe] Hls) L7t

B =S ARAGATY P AGAAAT Y S| RATA
o= 9 B2 AU A PELFAL T 7% )
u (PE009SO)S] AT A7 F9 ARUS WEEL

(1] Buls, AT, £, o1&, 24, 2004, W 228
e 1Es I A 7N, 24818 FskediE] =2,



38 e E R et

721-724.

[2] Zr)=, o1ZF, 2002, “oi7] 5 vIgEEe] e kel
et 2o FHEE 24, S dir]@
465-474,

(3] E=elgaT S ARIMEAT &, 2002, “BHT 2
T 34 a4, AR A, 41-86.

[4] Funakoshi S., K. Matsuo, 1995, “PMV -based train air-condi-

tioning control system”, ASHRAE Trans., Vol. 101, No. 1, 423-
430.

[51ISO, 1994, “Moderate Thermal Environments - Determination

SO

7Asta]x], 418 A6Z.,

K]

of the PMV and PPD indices and Specification of the Condi-
tions for Thermal Comfort”, ISO 7730.

[6] Lechner, N., 1991, Heating, Cooling, Lighting : Design Methods
for Architects, John Wiley & Sons.

[71U.S. EPA, 1997, “Guiding principles for monte carlo analysis”,
EPA/630/R97/001.

20044 10¥ 14¢ daHSF
2005 1€ 208 3E A



