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Thermal Environment—based HVAC Operating Design in Cabins on Naval Ships
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Abstract

This paper focused on the analysis of the thermal comfort conditions in 1,000 ton class
patrol ship's cabins through the evaluation of PMV(predicted mean vote) and PPD(predicted
percentage of dissatisfied). Different areas have different clothing and activity in the ship.
Therefore, any area may be thermally uncomfortable in case of air conditioning with equal
temperature, relative humidity and relative air velocity. PMV or PPD-DCAC (demand
controlled air conditioning) system is a new design that the whole cabins are maintainable
with the ideal thermal comfort condition.

#Keywords: Predicted mean vote(Hi4 B 2Z2), Predicted percentage of dissatisfied(0i& S
OHEG), Demand controlled air-conditioning(R #-X& &2X), Thermal comfort design(22 A
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t,=357-0.028(M-W)
3.96x10°
) I )
-1 xS, [(tc,+273)4-(tr +273) ]
+-f;'lhc (tcl - ta-)
238(t,-1,)""
Jor 2.38(t, 1,7 > 12.1v,,
h = (3)
2.1, -
for 2.38(1,-1,)"" <12.1{Jv,
1.00+1.2901,
for 1, < 0.078 m’°C/W
Ja = (4)

1.05+0.6451,,
for I, > 0.078 m*°C/W

Xatgk (mc/W) OICH AZRIHAI D oj=9) gXst
;2 22 met, clo 2l &g AMSEoP T o,
1met = 58.2 W/, 1clo =0.155 mC/W & EHAtEl
Ct.

ISO= PMV XISt 6082 =2 =ER240t US
o ¢l ol AS FR0I ALZS ASTHISO,

1994).

M =46 ~ 232 W/m (0.8 ~ 4 met)
la=0~0.310 ™T/W (0 ~ 2 clo)
ta=10~307C

T =10~407C

P, =0~ 2700 pa

HE == ACH)

O &2HE S (predicted percentage of
dissatisfied, PPD)= Z&OZ Z0EQl AIFES]
=XE FHNOZ Mol =0 28 S 230
CEE ARES PMVE E0IH D] 20 PPDO
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PPD = 100 — 95 X e—(0.03353}><PMV4 +0-2]79><PMV2) (5)

Table 12 PMVE HlAtEl= JHE
BOECHISO 1994).

MOl SJALEAIS

Table 1 Percentage of persons predicted to
vote

Percentage (%)
D

PV | PP T T
(%) 0 or or

+1 +1, +2
+2 75 5 25 70
+1 25 27 75 95
0 5 55 95 100
-1 25 27 75 95
-2 75 5 25 70

3. 24eA9 &F

% ry

22X 2E M (environmental factor)?! 4722
ToF AHS = SHUACIRR(2002)HIA <845 BHA
AUel SHZUE 018061 CE Hatder2 1000
ton 2ECZ XAEM U EA0N CHoll 24 Z20H0IA
=XMRUCEL SHIOPDI= 25=H (SATO SK-
L200TH)S OIS3IRILt
Table 2= 1000 ton &3
oI» 7{__'.1Ql: (=]} /\I-EHAE

2002). =cI& 2Ee4 S 4

r

A
2es A2 SO JHEGIRLH, o
IIFEEE 0.0~1.0 m/sOlAl 0.05 m/s SIHSHHA
Has AHSAUACE

Fox 8%Ri(human factor) @1 =2 AEHOI CH
SAEHO| (2 AR THAIE2

Table 2 Room air temperature and relative
humidity in 1000 ton ship

Space DBT (T) RH (%)
Wheel house 23.8 54.6
Cabin 29.0 461
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Table 3 Human factors in cabins
(a) Thermal resistance (M C/W)

Season [Space| N | Ave |Stdev| Min | Max
spring 1 2310.097|0.026|0.066|0.148
2 |40/0.067(0.020|0.027{0.107
summer| 1 22(0.079(0.028|0.060(0.144
2 139(0.05910.010]0.027|0.086
fall 1 2210.096|0.025(0.060(0.144
2 139(0.084|0.03110.031(0.147
winter 1 2210.130(0.033|0.057|0.171
2 139(0.101)|0.026|0.031]0.162
{b) Metabolic rate (W/mf)

Space N Ave | Stdev | Min Max
1 21 | 78.14| 6.02 | 58.50 | 88.00

2 38 |44.45| 3.17 | 40.00 | 54.00

¥ N @ Number of data,
Ave © Average, Stdev :
Min @ Minimum, Max :
¥ 1 0 Wheel house, 2 :

Standard deviation,
Maximum
Cabin
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Recommended Comfort Requirements (ISO 7730)
2 Var : Winter < 0.15 m/s, Summer < 0.25 m/s
| -0.5<PMV <0.5
>
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Var (m/s)
(a) Relation between PMV and var
100 N . ; g g: ; | S
80 o ea By
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g 60 SR
a L % . B Recommended Comfort
[~9 40 g % - .
a . B o Requirements (ISO 7730)
° ) : Var : Winter < 0.15 m/s,
20 gz =
g 2 Summer = 0.25 m/s
4 PPD <10 %
0
) 01 02 03 04 05 06 07 0.8 0.9 1
Var (m/s)
(b) Relation between PPD and Var
Fig. 1 EffAects of‘the relative air velocity on PMV/PPD in wheel house
& RERAE HIECE X HES LOtEI| H (1) ZepA , .
ol JI?r%Eg 0.0 ~ 1.0 m/s E0A 0.05 Fig. 12 ZEHUIA S23 2020 CHBH =t
m/s # BISIAIZ|IHAN PMVSH PPDR| BHEE AT Z ISR PMV/PPDS 2HAHOICH JDEI0-HEAl
BUACE JIREEIH SItorH ._QOH Hator = MARE2 180 7730 OlA 2&sk= JIRsE %
£ = UL 2 B 28 Hgt g0l JIF PMV/PPD S8 UEHHCE 2 HAMSES *‘Uf EH
LZE0F HIglE He 24 oPM P £t =Hol J| aF SRR NI D550 EH“E
FEE L2 HIEHSZ ASE 259 AlsE G ‘ . -
EZE0IH AZ U2 252 AUST AEI0IA Flg Ha)E &2, ISO 77302 HEx A
PMVet PPDE H .

=0 JIE£E 0.25 msOILHOIA PMV 8401 1ISO &
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Temp. (C)
(a) Relation between PMV and T,
100
Recommended Comfort Requirements (ISO 7730)
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Temp. (T)
(b) Relation between PPD and Ta
Fig. 2 Effects of the room air temperature on PMV/PPD in Wheel ‘house
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Recommended Comfort Requirements (1SO 7730)
2 Var : Winter < 0,15 m/s, Summer < 0.25 m/s
-0.5 <PMV < 0.5

>
= 0
o
-1
-3 g i E % LD e
0 0.1 02 03 04 05 06 07 08 09 1
Var (m/s)
(a) Relation between PMV and va
100 !!‘T . g - . PR Cama
. 3 L2
80 ;" xR .
gg 8 -
$ 60 I T .
S »;' g x
e g * 4+ 08 + Recommended Comfort
a 40 | g {4 w : Requirements 1SO 7730) -
T ‘ = & . Var: Winter < 0.15 m/s,
20 : Y ’, S ) Summer < .25 m/s
 J«—————PPD<10%
0 : LR b 1 L I i1 L
0 0.1 02 03 04 05 06 07 08 09 1
Var (m/s)

(b) Relation between PPD and Vg

Fig. 3 Effects of the relative air veldcity on PMV/PPO in Cabin’
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Fig. 4 Effects of the.room air temperature on PMV/PPD in.Cabin
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