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Abstract: In order to reveal the thermal comfort
characteristics and heating energy consumption demand

of residents in winter under the effect of personal comfort
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systems (PCS), this paper takes Hangzhou as the object.

By means of questionnaire survey and on-site
measurement, the thermal comfort characteristics under
various typical thermal environment regulation methods,
such as opening windows, shading, using air conditioning
and PCS, and indoor hourly temperature and energy
consumption are simulated. The results show that the
neutral temperatures of “no equipment + sitting” , “air
conditioning + sittin” , “PCS+ sitting” , “no equipment +
“air conditioning + housework” and “PCS+
in winter are 17.3, 18.8, 16.4, 15.7, 15.7,
13.9C respectively. A comfortable temperature range
respectively is 14.3 to 20.3 C, 17.1 to 20.5 C, 14.4 to
18.4C, 13.7t0 17.8 C, 13.3to 18.1 'C, 11.0 to 16.9 C. The

indoor thermal comfort level in winter is greatly affected

housework” ,

housework”

by behavioral patterns. The proportion of comfortable
time in the living room is 43.74%~80.21%, and the
proportion of comfortable time in the bedroom is more
than 70%. When air conditioning and PCS are used for
heating, the energy intensity of a typical building is
1.28kWh-m™ in early and late winter and 13.06kWh-m? in

severe winter.

Keywords: hot summer and cold winter zone; personal

comfort system; thermal comfort; heating energy

consumption; residence
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Fig. 1 Research method of this paper
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Tab.2 Envelope structure and thermal performance parameters of typical buildings
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Fig. 3 Typical combination regulation mode of thermal environment in early and late winter

100
90
80
70
60
50
40
30
20

RS/ FRE/ %

10 tatatats /

0
14 71013161922

B %l / h

g BMNE R BTG &

100 -

R/ BE/ %

4 710131619 22
AfZl / h

b BITH P BB TITE &

100 -
90
80
70
60
50
40
30
20
10

R/ FFRE/ %

1 4 710131619 22

BfZ / h

f BN BRI R

E 4

e
|k
|+

/IR E /%

1013 16 19 22
B$Zl / h

14 7101316192

%1/ h
g BN B A BT

FEZHMBRIMEASETER

R /IFBE /%

AR/ FEE/ %

0 v
14 71013161922
wi%l) / h
h FhEPCSE M %

100
90
80
70
60
50
40
30
20
10

o1 4 710131619 22
2] / h

d &/TPCSERH i R
100
90
80
70
60
50
40
30
20
10

0
14 71013161922
%] / h
h [iNEPCSEMH R

Fig. 4 Typical combination regulation mode of thermal environment in severe winter



5 3 1

PRIBE , 4 SR T NG R SHUNMEEA FETIE S AEFE 485

“PCS+%55 55876 M2l , RAREUR LA
SERIEAE (yvrs) T ENIRE R LR, 2 yurs=0,
AL DA AN ] A 2 i A (AL %y U 533 stk
AT EEREE, 2 ywrs=10. 5, 1] LU H A [F] 4
LA ZE MR IL IR Ty ORI LIS SIPRAS T &7 3 T
X[a], L4, Hodr, 6 FhALA T A IR S PHE IR
P R S = RIS P AR ofE ) GB-T 50785-
2012 B 55 C AR B E IR PR B TS T RS
TR R R AR, B A Qs e AR 2 v B S
BIUE. AT DS o+ A A A
“PCSHHFRAL” “TiRk G+ K595 5h” W+ K5
FFEh” “PCS+% 4557 3) 76 Fh 00 R A p MR 43
M2 17.3.18.8.16.4.15.7.15.7.13. 9°C, &G 15
X 18] 43 ) 2 14. 3~20. 3°C . 17.1~20.5°C . 14. 4~
18.4°C ,13.7~17.8C.13. 3~18. 1°C. 11. 0~16. 9°C,
X BB AT I X A T ASHRAE 55-2017 #1421
T RAIA B A 6 IR 5 A 0 IR AR T T4
FHFER IR RA —E . S(RHERE
YRR B IEMN AR ) GB-T 50785-2012 (LA T & Bk
“FRUE” VA A AETE 25 57 FRifE R = N R B 7 A
TAREMIEN TR REAE ., XA TR IEZEN
5G4 22 Ja RO ABH > 1. Oclo, A ifE 2R
B B AT PR, AT 025 ARG R 1. Omet~
1. 3met i, IT S AT X A9 PR 8% IR B 7 L 249 o0 19~
24°C o ARSCIETE X I8) DL 25 SR M H8 bR, 6“4

Pal AR A BT, B A R X ] O 17, 1~20. 5°C,
Fie RS ME R S D Hr 38 0 M40 8GR B2 16, 7~20. 2°C,
FrRufEdn N T8 R EE 12 25 ISR A ¥ e 3 m
A PCS 1B B0, tho A B0 AR R 4 (i
TG+ 587 A+ 358 “PCSH 5817 T
0 ) B B 30 R DX JR) o PR N T8 R P 35
TEAN A T 87 38 XM BGRJE 16~30°C , AR 8 b
B SR D RTAT, I B A 8 T 3 B 4 12 AL, BRI
KT RETIE R By 16°C, A 3045 HY 1 & 2= T ik
B A T GRS X [H] 4 14. 3~20. 3°C, BHAIK
FARUE . X & TARAEXT T A8 A HE
T AR X8R T A [R] A &7 38 DX 8], 7F— o R B L
TG R S M — b X AT T e S0 T s R
EFIEFFIE

AR SR MUK BEA [ 5 R AIE B4 7 2%, 30T 38 PEA
it FH i B BRRR B 48 S — R b, B SR UR T
T MR 2 & &2 177 R (55 PCS B T ik
2 ) R RS S8 00 (Al (555 95 31 R I SE IR 45
T AT AR VR A S e 24 b AR A PN A HAET
L. XTI —F BT R, Toi a8 B A &7 38 X (1]
BB, (I ZS P PCS 45/ T IETAE X 7], FEAK T J&
FPPGE R PR, BN, 2 f AL B, AN 3 A8 B I B
A DABEZ IR R R 14. 3°C, fi FH PCS Fzs i)
X B R T 0. 1CH 2. 8°Cy Ao, AF5L
WAL, PCS [ -3 D)5% 2k 837TW o

x4 ZFHAHBEFTANERENRSAHS THHREEREMETEREZXIE

Tab.4 Typical winter neutral temperature and comfortable temperature range under the combination of

typical heating methods and residents” activity state in winter
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Tab.5 thermal comfort situation in living rooms
and bedrooms of the typical building in early

and late winter
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Tab.6 Thermal comfort situation in living rooms and

bedrooms of typical building in severe winter

FITEEY FITEEEE BMETEE Y RMETEE S

[P 5

YRR/ C WAL/ % IREE/C O mHE S E/ %
5 17.42 83.74 17.60 97.56
ik 2 10.41 47.95 14.05 84.32
i3 13.17 57.53 12.88 76.10
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Tab.7 Simulation results of energy consumption of

typical buildings in early and late winter

(kWh-m?)

i 2 PHAEFE PCSHE JLAERE
M1 0.77 0.30 1.07
iz 2 1.53 0.40 1.93
izl 3 0.64 0.53 1.17
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Tab.8 Simulation results of energy consumption of

typical buildings in severe winter (kWh-m?)

i 2SI REFE PCSfitk SLRBFE
i1 12.89 1.66 14.56
i 2 2.95 9.06 12.01
i3 2.58 11. 00 13.57
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