538 B 3 45 21 Vol.38 No.3
2024 6 A Refrigeration and Air Conditioning Jun.2024.366~375

XEHS: 1671-6612 (2024) 03-366-10

REF R EESRIEARERRBHA LT

HINE kAR
(TRKFERIAZFR FT/R 400045)

[ FE1 AT HIEAMDCRAN “HEm” ITH Seil R, BT R i AR RS B 7 T e Sz iR g
GIAT T AT X s R oK Y 2 IR PR A AT R E B IR TR R . 25 REW]: TRE X 60% LA
A AR s SR IR KL A AR R A ROT R, HAR P AR A () AS X 2 SR AR
IR BV K IRLEE LUK 5 (8] BB R s AT A 1R o5 2 4 R AR ARV %0 T, /M
B PR X I — M T RGN 2, R0 5 VIR AP 16~18°C R\ A A 25 R oR,
POK T A SRR AR LT DU AR T AR RO ERR R, HLBR R SEia AT 9 A S R s (Rl AT
TEME R A H AT HOK R 2 SR AR AE DR GE AR L [X SR I8 FH o A Y 3 2 ) 7

[82iA]  JEAMIX: RFEE: SERE: MR ScHb iR

FESEES TUS2  HMFER A

Investigation and Analysis of
Air Source Heat Pump Heating for Rural Residential Buildings in Baoding City
Chen Shannan Zhang Hualing
( School of Civil Engineering, Chongqing University, Chongqing, 400045 )

[ Abstract]  In order to understand the implementation effectiveness of the "coal to electricity" project in rural areas of cold
regions, a field survey was conducted among rural coal to electricity users in Baoding City, Hebei Province. The usage behavior
characteristics of air source heat pump hot water units among rural residents and their heating needs were analyzed. The results
show that over 60% of rural households in Baoding area use air source heat pump hot water units all day during the heating season,
and the majority of users do not regulate the supply water temperature of the air source heat pump hot water units or the heating
terminals of the room during use; Under the heating conditions of air source heat pump hot water units, the heating areas of rural
residential buildings are generally the living room and bedroom, and the indoor temperature is mainly concentrated in 16-18°C; The
satisfaction survey results of rural residents show that the air source heat pump hot water unit can generally meet the basic heating
needs of rural residents. The high operating cost of the heating system and the poor thermal comfort of the heating room are the
main problems in the practical application of the air source heat pump hot water unit in rural areas of Baoding.

[Keywords] Cold regions; Rural residential buildings; Air source heat pump; Heating; Field investigation

0 3[‘5 BT O AR H s R IR AE
RIRAR RS OIR . A FFIE R L AT ARAHE B FERRIZ AT PR 8 5 1817 ROR AT BT
J&iﬂéﬁiﬁljtﬁ%‘//—ﬁﬂgﬂﬁ R BIHT Fte AREMISENEE 0T BT, 4l B

HEWH: EXRELARITR (2018YFD1100704)

EZ A BRINEE (1996-) , 5, WE#FFA4, E-mail: 834289595@qq.com
WRERE: KB (1967-) , 2, f§+t, #I¥, E-mail: hizhang@cqu.edu.cn
Wk H W 2023-10-20



38 H5 3 W

MRINFE, 25 DR TRAHME

TP AR BT S o) <367+

TS HLIX 600 J7 7 4 4R 2 SR IR it
B 2T, 4R P (1) AR IR 25 SRR S 3 R D A4 o
BRk I R B AR AT B 0 G AT i 58, % LB
TS R i (1) B A P R DL XML A R R i )
BUE S 1 AT IS, Sl g SRR B,
P ENFEIREZ N 163°C, W4l COP 414
2.28; MNLELE H P ENFEEZ8 17.9C, #l
H COP 2y 7y 2.21, Z/UEHGEN H TR EeHh X &
FAEBAEBE RIS RIT. TREARNEE AL T
¢ i 247 FATRAE IR0 L2 I 4 AR IR AT A A SO 4 HL T
H it S8 22 7, 456 T H 549 1 B A2 4
TR TE AT ROR . B3804 At b 5t i
RAHME B2 RIRAE - AR IR BERR R Gk T 58
T, MAREE R R, % RG] DA AL = N IETIE
MER, ENEEHERE 1SCU L, HiRES A
1570 TR MEARIOEE N AE AL 7 A b X 8 37 R L
INYE T RPRERIREE . AR R R . FER R
SERCHRHEAT I I 308 T 0 e A ) 43 B SR 1A
FH XU s 4 78 AR s B 1 23 SR IR AE AL 5 &
FAZMRRR AT 525, DR N fEdL
TR 1 X PR A5 MR SRR B, SRR R
MMAEIL I A ZEF MR A N IR BT, A
LR S = el 1 S N VAT T AR N = SR
23kWh/m?>~33kWh/m?, A7 g [ A7 HL 2% 7F 9 JT
m?~12 Jo/m? Z [i]. 225 FAAE N EL 1 b 5t X
15 AN SRR 2 2 AR IR LR R 4t EAT (R B U e
W, SRR, SRIEHRIE RGAE RN 1SR R
ORI, PR R JE U0 R 48 COP HA B34 5
Wi, ARSEAEECARA BT R4 COP HHE Tt .

AWK Z AT RVEATEAE L L T
SIS AT S A3 BT, Sl DS B P (A F A R
BE Fa SRR BT 9T Ak, ASCEBUR AL S e i
BRI SR FAGE P AT St A e, B TR T
A DL AR i RAE 23 SR B IR AR A A7 A (1 ]
PEIE— 2250 B FF 3R AR RSO 2, LA AR A 3
X A SIFRIR B — D IR S %

1 AFERER
1.1 R SN

WEREIEE A 2020 46 12 H 15 HE 2021 41 H
14 H, AR 5N 2020 57 56 AR IE 740 250
IR RGNS R RERKIA R F H R

gt 1 BN AL IS R AN T 1 AR 2= 1 AR A A3
Fo WHEHLIX () =AMV RS H O 1 Fos, 3
AIF 407 1) By 75 b X B 2 A0 2 SRR B -5 K P 4R
HIGOLE 1 Prox, Hi, =AMRELE-20CT~9C
Z A, EANFIERER-5C, EIMERRELE
15%~80% 3 [l N A8 4K, 2 4h 7 35 AH XF 8 BE N
41.2%, HRIT KRR E K Z 4T 4.18~10.61MJ/
(m>d) , RALMEELIERAE,

£1 REBRFHIEREH

Table 1 Outdoor meteorological parameters in Baoding
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Fig.1 The outdoor temperature, humidity, and solar
radiation in Baoding area during the investigation
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Table 2 Content of the questionnaire survey
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Fig.3 Layout form of rural residential buildings
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Table 4 Information on the enclosure structure of rural residential buildings

PER

BAMEBEIIMERZ N 370mm JF K SI00FH e (A EE— B0 240mm
BN TET D 7K e RS SR T R o T s R R I T, J5
IR R, A 71%HRPTR BAMERE T IRIRZ, R EE

RAHE BT T RIS 2 HEEARA RIS, L 4.8%H0IHHEK
FOM RIS T RS RIRACE, PSRBT EONIZIK IR (EPS fRESO -

ZIRRBRSNTE —BOARITE, TEIEEAE, TEBGETEME
PATTEAEIL 20 SFRIERIARBP R ABON Z, Wi & s, 8
W R DI TR AT B W K BE IR - A 1 B BRI K 2 0 L2 3¢
T, R Z B s b 2 BB AR B TS RE 2 L 19%. 215
FEARFFRHPRE, IRDAR P I EIEN, NSRRI R E. N
T S AR ECR, BT AR LA T B ORI T AT R AT 2 A

o ¥
[l 37 45 o F 3
FIFRAL e
SO R - RE B 83.3%
. TR s A 10.7%  JBHISZOEL HRERSD
(Gi}
A S TR B 6.0%
" R R
pNEL 41.7%
SZIH Tk TR AR S 44.0%
RN IR A L ARME 14.3% M EENR (XPS fRIEHD
KITE 38.1%
WAL HE 39.3%
AN 19.0%
ITE
Wi iR T & 3.6%
(KGR D ) 1) b i
FK e HbTH] 25.0%
o T B AR A VAR JE
i EErRE 75.0% HAEAA BRI




+370 « il ¥4

G| 2024 4F

2.4 RIMEETSIFEREAE RGN

WHER B2 T RIEAEMEERR — B H
PAPRARIENLA . PRI IKIE . SRPKAE . HERE K i
FAEEKE S Hh, SRERAENARE
==, DECEFIAR B AR BN 2R
HAN2~3 6, ZENAHRENRAIFRER.
Ak B DL AL S 2 B AR AL B A B
50%. FuHREEFIANE, LA W] 5 B s LA A4y
AL . B UMLK 28 R 2% . IR AR A ik
ARG BEEEIWIAE T, AR AR w5 HL4H
HEH O HOK B AHIE o 2 PR L K R 4 LA 28
RIGEHI R BEEI, TR — I, BEAE
WIENIIK B e BIEE N, ER—E AL, =
PN AL 3 I 1A R T A, IR AR 5 & AL
B KRS . AR LA AR, i sHL A
EHGAER MR . MIHBEARSERE, B 6
TAVRGENLAL I B X EAE 5.5kW~14.5kW
AN, 4 SR RE R COP 1E 2.20~2.44 i ]
W, R G o3 B 1t R R IPLV(HD A T 2.65-3.10
Z 0B o ATLH JE A58 2 ER AR P U I HE KGR R
il I 30 K BA B e KR BT, L E
FHFHL, /KRR T 1% € HKIR BEAE R, M4 E 30
JE 8. MU s K —h 55°C, D Er
WU AT S 5t 1 60-65°C A A5 (1) HE 7K FBE

H— P RATRBRFEN AT EE REEN
HFIC R, T2 ST LLH ] Fvm 2  a ob
Tt DA B AU 7K I P e T AR AR A, 25 R E AL
S 1) 38 BT [ 7 39 s vEE U3 S it 3T DA, LA [R] ot
INLZH FLEA R B 25 H 0 48 S AR 0] B2 1R 56 T
DAl REAAAE — 20 . N T PRIE RS Tolm—3K
PE, RIS SORAT R I o 21 58 2 (1 R 5 RE , I I H
PSP R E AR : -12°C, #EAh
BERIREE: -14°C, HLAHAKIREE: 41CE&H T
IR 4 U A IR AL, X
S HLZH 7R 1% T T i U e 5 R B @ S
AT ——XT B, L5365 4R, Bk 4
ke B 4 LG 45 RAT LR R B 221
TARPMENAS &R EFTHAEAR R EM
% (M2% £% R>=0.85102) .

LSRRG AL SR AT
FHMFERIAE: -12°C FAMBIRELE: -14°C °
HLALH KIS : 41°C

(%)
(=1

25+

20

R VRSN A SR FE kW

A ER?=0.85102

w
T

1 1 1 1 1
50 100 150 200 250 300
RERGH/m?
i REZEREFEARIALE ARG LR, RS SHIEE CHREZ i

El4 =SREARNERESREZAERNEXF
Fig.4 The corresponding relationship between the
heating capacity of air source heat pump units and the
building area of rural residential buildings

PR 2R G BRI K IR XN e SRR, LAY
HUEI K SR HF AN R BT IS AT« S 7K AR 12 R 1
TN 28 G 7K 25 B DA Tk ) 9 /b 2 AR IR R 5 R
PR, B G2k KA G T A7 Sl B I A L
= N IR AR S R AL WIS - B 8 A AR
Ao =F, AR TWIAR B AR EEE] 7353008 47.6%.
34.5%A0 17.9%. M A R 4 ok G, B
T 2 AR RN EAS T T 5 Al P o o g B O 7 8, (LA
i AR R A ], SR XL E
A BAT A B 5 SRR THGE, R
(EAEAE 2 5y 3 JCEE R B 0 AT AN KT, MR A A i
PEIR R FIAET @ BT, (H 5 e A e
2.5 AR JE R SIR

PABIAR B LR I 1] — AR NRE4E 11 A 15 HIT
4, BEXFEIH 1S H, BIEEELE 44T (120
Ky Fefi. SWEERARNAZ, e hAE
WA S SI8E, O T ERE I, B R AR
PIRIRRIGL, RIS SR TE VS, AT i RAE R =
WEREE, KK K¥E. FEBR. ERT/AHR
BE JEACHE . MRACONIAR BE A5 AR i S L
ACH J5 2o XA AE P A2 HERR 2] 1A (1 24 > 4583k
AT VTR, U5 iR 7 A3 2 R A LA A
AR BHERR 3 ] AR 5 R AR S8 AT 5
i B R, UGB R AR H R
PRSI, Fsk b, T2 NiR 2 ORI, K
FHESHER B I BT 8 5P AR BOR 2 57, 1Y
1B H AR P A7 AR e A R ARt — 2B IR B 7 #r



38 H5 3 W

MRINFE, 25 DR TRAHME

TP AR BT S o) +371-

2.5.1 Z PRI I

B s SRR T RBEARAE S 2 R RGE LA
RVBLCEE B A ot . B 5 ATELE Y, HLAH 4R
FERBEIEL B 65.5%, & Hrm, X5 D
SEUIRHIE 45 R L, B ORE M X AR A E B
VRIGRHL 42 R IT I8 ARSI S50 W1 S o 16 LT
Bl FARKHLE 13.1%, RAZE KR K2 AE
W b AR S HTIT R LA, B ARSI BRIFHL,
W ML R 26 2.4%, RIAPLA R TE AR AL
MR s1T 77 B W K A AT, WA Ak
RETELH & 17.8%, AT, RAMET N B ZRE
FE— L BN T OIRAS - AR
s A 12%MA 7 RUR G RIFE R AT, EIRE AT
FE /D ER 73 A P BV AL A= S B0 N B AT R AL
HERR, AT 2 WA BT TC TR AL R (R IETiE 7 2
JER A2 IF JE HLALEEAT TR -
[ PRt
i =g }é\j‘fﬁ; AN
[ D e EFFHL, AR

178% [l E HAGERBIF, KA AR
B ¢ s AT

65.5%

0% 10% 20% 30% 40% 50% 60% 70%
i Ee/%

5 REZ|[FEAFNAFERER
Fig.5 Usage modes of air source heat pump units in rural
residential buildings

HE— 2B 7 b 2 IR R AL AL R 0 K
SIS R, WE 6 fas. FTLLE M, AFRKEL
AT P ENLA TR B AP —E 2 5, R
AR BUAE T B SRR ARSI 2 R E L 4L
RABECR 2 R A RIT R, T L SR BEAN R ZE SR REAL
A RIT AR S A R LA, o HEEE,
T S E R P A 2 ANNUNZ, XA
AR AR = I TR A HARGT 0859, W3 N AR5
FIRTE Ik R By, PRI s A ) T B 4 R R
Ja#E X P AN O EE NP E ER AT D E R
(R S A B N 7 S SIS Y R A
P B 8 MEITT A 6 RUETA R E REK,
B R E, AEBAN A ES, IR FERECOR, $

HUAAE T A H IS B 2 R i R SIE AT, B
DL A RES RIS AT, IWE MR TR 6
%O K BEM R ZE A NEZ T, KBEBA N
IR IR L v PR S A

[ Jaxr—dsrE AR, g [T B, ARxEH
[l A A NEFHI, FERE MK

ENFRE 57.1% 28.6% 14.3%
RIEFEE | 20.0% 40.0% 40.0%
R B2 85.7% 14.3%
FEFHEE 87.8% 122%
b e 33.3% 8.3%|8.3% 50.0%
0% 20% 40% 60% 80% 100%
== == e
= =A =X eI iR . =
6 ARIRELEM TN SIFEARVAERIER

Fig.6 Usage modes of air source heat pump units under
different household structures
2.5.2 KRB
K7 B s 1 R AR S8 AR 5 1) D g K fit
I b 6] B e g H-45

40%

36.9% [ e s i =1
I 407 531 K =2

35%

30%

25%

/%

20% |
15% 14.3%
10%

5% -

2.4%
=
kb T+ HITHENE A

E7 REMBRFEEINEERMEEEEIRE
Fig.7 Function and number of heating rooms of rural
residential buildings

M7 ATER, 83.3%04 7 RXHEE K 7T/
B = HEATBER , 7.2% 104 B 1O T AN R == R
PG, X B B gt AT kg, 00T fab = R A o
N 9.5%, A EA_EHdE v BUE AR P AE A 2R
VR AEIRI , SEBR b R T 1 #4023 (A4 T it
I 171 J 4 3 2 (L e, 52 B 3l R AIE P L B s ) Ay
T ANENE, HA B A B R UK, IR A
JUE S KR o3 I TR AR R A2 T L, oAt T
R 5 1A BRI (A1, PRI BN =2 AR T e R B d &



«372 - il ¥4

G| 2024 4F

BPERR X, F3— 0, A 7 IE T BUE W,
W b5 AV ECE o 3 AR B BT o LBl e %2 (3R 15 1)
HE>6 MR TR b plRd, BiFmE, g
i (RN 3~5 8] [F AR B iy LAY
2.5.3 FRUERGEMRE RGN AT N

T A FAR B IR et 2 N 22 5, N
BN, LERAITAR 0 2 SRR R 22 Gt S it
VAEAT N DU SQTE IR AR P 2 75 X HLAL H /KR
JEREAT AT LA 750 s 18] (R A S 14t AT 1% OR
i A2 B A TR T A ST R AR I BE %) o

P 8 DR FAS ] 4 I A s 1) AR P A (1 I 2= Y]
()% LI 28 Gt S Y P47 A S L

100%

I o RS LA K 8L 5 P AN 42 L A O
90% | [0 b VA HLALH K B

[ c s png A

80% | 77.5%

72.4%
70% - 66.7%
60%
50% |

40%
33.3%

27.6%
o
PR 20.0%
17.2%
10.0%
a | b I c

a | b | c a I b I c
[ B RALELE

8 AR RIA P HESEIRIFEIT AN S

Fig.8 Distribution of control behaviors implemented by

30%

20%

10% |

0%

R A i

different heating terminal users during the heating season

AULEH, 72 DLBCAES D B AR s R A P
O AN R T AL ZEL E 7 B2 1 AR S0 AR i A 6 >R T 428
BRI EER 77.5%, 78 LARWLAEL A i R
S PR AR P R, AN SR ECTE AR 3 i A AR B A AS 2
30%, FERFH HURAR S A S A A - BEAS AL
ZH H ARt A X 2R S 15 8% SR HCI 2 A e P A
5 66.7%. M 8 IERTLLE H, KA A LR AR b
A 2 ST AL ZH HH K B E T B TR T X — AT |k
L BIAHZE AR 1t — B RBE 73R, A E R
FOHLAL K B8 TR B AT N B A — 2, X
BRI I A RET G, 10 = A AR
A LA KRB, B0 T E R
15, BIEnAE A R S RRHLAE KR E, Bal &
i R LZE 7KL E AR DA AR ™ 2 DR 2K — Bt 1)
1713 3 B RARALZH H 7K 8 i FE o X (A I A Sy SEC e
IEAT N B, XU A B 2 825 s T AR
7RI R S AR o P 5 3 T 5 ol UL AR B

AR [ RGPS TR L, AN HERE R
it 9 WAL AL PR AR A AT £ 7 B T s [ — B 1)
TR T 5% P 53 1) A i AL A, 24 P HE N o 1] I
FIFR, RN, IR AR B 5 AR T =

W U S RTEASAL, AR T oAl PR AR S 2 3K
R R A A 58 By S I AR S8 70 3 B ST 45 3 A 5 (1]
I A o B B 5 452 428 1

0%

61.2%

60% ‘\\\

N
N
N
R
X
=
22.4%
20% | R \
R
R
10.2%
10% [ \
X N 0%
R R N N [ESRRSEY
i

-'\
5] FEMA I 2R LA HoAl
EE ORI MRS

RiE o
B9 RIMEPIHERRZEAREBIEHEREREE

Fig.9 Reasons for rural residents not taking control

PR T
150 A T

measures on heating systems

Ak, o BEAN T A5 ALZEL Hh Kl B2 AN 0] oK i 23k
AT A HEAT IR LR 3, S5 RN 9 PR . /]
LA H, RS0 AR AN RHRCA $2 4 it ) i [A] A
PR AN T RS B R 2, R AL
P n BN & TR B RAE. Bt rT I, AR
FI AT I SR =250 22 SR IR R G AR
2.6 REFTIIARMRAGIZTHA

W 10 Fros IR B2 IR AR LR R 4
IR ZFIEAT S AT o

50

e

30

A4 /%

20

10 -

>

0 : : . i i
1000 2000 3000 4000 5000 6000 7000 8000
TR PR RGP FEAT W/ oT

10 HEBERFREZSFEARBBERGESITERS T

Fig.10 Distribution of operating costs for air source heat

pump heating systems in rural residential buildings during

the heating season



38 H5 3 W

PRINFE, 25: DR TRAME B2 IRIAR BRI BT K b <373+

ATLLE Y, R SRR R R8T 2
FHEEARAE 1000~8000 Tyl N, HAig T o FH1E
3000~4000 JTiX— X [E] KA & Eieo R, 35147
Pk 3685 i, HALTIAIEAT T N 11.25 TG
/m?~42.86 Ji/m?, AL ARIZAT 2% ISP 3N
28.68 JT/m?, Fi HE LR 5 Hb X EE AR B O e F R U B
%, PERFEE R B R 1 7T LE BLR A
0.32 JG/kWh, ik 1 77 FFLr ), &8ss B
9 0.52 Jt/kWh, WA THES2EBER AR TS
EAREMRE RGP AR FEREBEERN
31.25kWh/ (m%a) ~133.93kWh/ (m?-a) , FL7TH
FUHERE 2= E H 5 (1) IR 87.2kWhH/ (m?a)
27 REMEEENIRE

A B AR == N IR BN B (Rl A 11 R,
Forp s T AN [R B R 7R (1) 2 B AR B AR A
R B AT 5% R B AL = N IR U = 6 [A] B

REFTFERRETENX

23:00-00:00 4
22:00-23:00
21:00-22:00 n S REBIENT
20:00-21:00
19:00-20:00 -
18:00-19:00 - | X
17:00-18:00:. | | | A = ] HNEF I
16:00-17:00 § >
15:00-16:00 1 MMM WM i HIARR
14:00-15:00 {18
13:00-14:00 - o
12:00-13:00 - e bizty
11:00-12:00 | IR KM
10:00-11:004 W EEE. H E NN
9:00-10:00 {CHEN ' EEE"HE "EEN"EE"E N EN
8:00-9:00 {MEEEN_EE | | | N | e
7:00-8:00 458 W FIRIET
6:00-7:00 [V SN
5:00-6:00 |
4:00-5:00 -
st (EBN RSB
1:00-2:00 - AL
0:00-1:00 -

E 11 RIMEEHBERRENERER
Fig.11 Measurement period of indoor temperature in
heating rooms of rural residential buildings
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Fig.12 Indoor temperature distribution of heating rooms

in rural residential buildings
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Fig.13 Investigation results of satisfaction of rural
residents with air source heat pump heating
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