Haz Ho5W e ffr K% 2% CH % B 2R Vol.42 No.5
2021 9 H Journal of Huagiao University (Natural Science) Sep. 2021

DOI: 10. 11830/ISSN. 1000-5013. 202011009

BERWXAEHEETZFT IR
HARFIIT SR

CRIFB TR £ARTREBE, 1hp K 030024)

HE: WARMENANSGEEERAERARSERA R TS5 2GRN FEEITIR. 8k, %A
TRNSYS A4S ] 60~2 000 m® 35 F P AS [a] 41 4 10 BROR B84 2 e 0 1) 3l 25 B4 A7 o 00 K FH 68 F
v Hb YR AR B s SRR 4 AN TR B BE DR R G 9 45 B AT I B AT AL ﬁ%?%[ﬁlﬁ‘i@vfﬁtﬂfi%é}ifﬂﬁl
BT AT PR AG R 48 AR A L xS [ R VR AL 08 2R SR 7E 4 A= i SR 00 9 00 2 B M R AT 0T LG 43 T A5
A TR AR A 2 AL R BT A R T 5. A5 R I 6 R [R] BT ft lﬁ%%é}ﬁﬁ’ﬂ)aﬁﬁﬁ,tﬁ’rm%\ﬂﬁ%éﬁ
IR K PHRE AL B2 25 B0 05/ » K PH RE LI 28 46 5 9% 0 L o 4 (L B8 R S i I8 65 %4,

KR PRIEMLE RS BUERL; BRI EURES T

FES%ES: TUS33 XEARERR: A XEHS: 1000-5013(2021)05-0628-08

Design and Optimization of Single Heat Source Heating System
for Rural Residential Buildings in Cold Regions

LIU Jihong, ZHANG Henan, WEI Guodong, CHENG Yuanda

(College of Civil Engineering, Taiyuan University of Technology, Taiyuan 030024, China)

Abstract: The optimal design scheme of heating system for rural residential buildings of different sizes and
the economy in the whole life cycle are studied. The dynamic thermal load of rural residential buildings with
60~2 000 m® heating areas is obtained by TRNSYS software, the control operation of four different heat
source heating systems are simulated, such as solar energy, electric boiler, ground source heat pump and air
source heat pump, the optimal design scheme of different heat source heating system under different heating
area conditions is obtained. On this basis, the economy of different heat source heating systems in the whole
life cycle is compared and analyzed, the recommended heat source schemes under different heating areas of ru-
ral residential buildings are obtained. The result shows that among 4 heating systems, the total cost of the elec-
tric boiler heating system is maximum, the total cost of the solar energy heating system is minimum. The total
cost of the solar energy heating system is nearly 65% less than that of the electric boiler heating system.
Keywords: single heat source heating system; numerical simulation; energy consumption analysis; economic

analysis

KA RIS o 3 [ KA 1 2 R 1 7™ B A BRI ¥ e R) AL b 75 3ol B 0t R JE A T o R AR
i AEBE SR IR 77 He ) 35 Qe W TS 0] BRI )7 A T R I’] EE%;%%F:Q%%%}JL%[H‘- SN RPNV

WREEHE: 2020-11-04
BEESE: FEA985-) 5 88 L LA S0, 2 FE SR8 AT 58, E-mail: chengyuanda@ tyut. edu.

cn.

HE&WMB: EFE LM AITRTE2018YFD1100701)



555 XITF R G5 JEV DO BT B s SRR PR B R BT 501K 629

TP A BE R AT T A A 9D B T AR AL R A B T Bl RSB AR R JE A s iR —.

UL BV T AL B AR 45 O P R AL I L 9 0 AR IR AR R S0 0 2 U O I R AR e R AT BT
FE KRN B AL E VR R 4000 BV R AT 800 5 PRI R B0 25 . AR M T R B RE A B T IR BE 1Y
B K FH BE L EAPE AN W B R A LB AT ROR @ T 80— AR TP R T o X H R AE R R B
IS 1T RCE R B R GE I B LB AT 7 58 i D R A L A B B I R GE . K V2 1 IR AR AR 45
RGBT ST ATREAR LY 1506, FF T 40 2 B Energy-bus 3 3 94 2 5 42 AT $2 55 R S 1) AR R A
PR IF AT 32 3 R Go 0 ] S v S e 4. Labidi 80 5850 Ak 5071 3 $OKBE L i3 2 R 5 X305 7 11
AT AR Y — R T B T A . Blaud™ SEHF S L BEIR R S8 (MES) FI 42 P AL B 2 48 (EMPO)
1o AR I A 2 7R R (MPND.

EAHE B . DA T AR GER 0 R 2 B0 I e S8 I+ o A [ MR A LA 2 3 3 M
DX 35 (3t R 2 (I 2 2R 8 B E 5 5 R A . AN [R) R BT 3 i (A AR R e R Y R B 2R A T 2 B A
507 AT T HE— WS B0 L TR AR LA L PG A ORI DX Ay ] ) S T RASE ) A B S0 9005 A3
ARG BT 5 5 5 4 A i A 00 P 8 22 5 P R O O

1 FEHBERGERENSH

1.1 BFEHRBRS

TP AR 2 A SRR B TG AR 3L 4328 60,200,500, 1 000,2 000 m? FA 00 » ¥ 52 A8 i FL >4 500, 1 000,
2 000 m* 1) 3 A>T 49 Ay 4 40 TG AR — SO PR 2. 3 T AR AR 48 T AL K FHAE IR R 4 L A e it
B8 R 40 R A LR R 40 S s SRR A G R R 0. K PHRE (L B 22 6 3 135 SR % . vl gl b R L L TG 75 42 i
Xof A At DU L2 A F AN (. d B b iR R 48 i T4 A0 A ] W] AR A IR A I 0 W B8 L T T e 08 I
ZIME RGBT S T IR R R, 401
il V2 B8 & 5 G A AL (COP) ¥4 , AR IR R FH R 2 % 30
TR R E IRE R T N 3.5 R A BV R 20f

P R e F AR BB TR TR N2 . 2
FUATE R S GE TR IE 0 —7~40 OB fim
AR 3 3 T 15 B B A 0, B

1.2 #w=PUSH

M K U A RS AN E B S A IR 11 dsal 2m1 a1 s7el 7200 o4

t/h

Jrn. B1 A0 il R s S )] B A g 5 LA 25 A
Sh P O HOT B AR R G AL, A D RO TUR SR IR R

[ S BT 0 R s 53 0. 335 B 0. 24 7 3 Fig. 1 Hourly change of outdoor temperature

N 0. 363t h 0. 24, 4R GB 50176 —2016¢ R A 51

TR D X R X F IR A S S5 S HOE TR B R 1R, R 1 W bk

of typical climate year in Taiyuan area

F 1 AFE SRS

Tab.1 Service life and influencing factors of different heat sources

FEl 3P 4 1 Ty 38 W/m’ - K
Hh it NGB 2 + R A YR sk 2 + R )2 (90 mm R +190 mm R #E + 4 0. 47
: NN 7/B5 .
s SPRRVEUR R SR MR R R RO 180 e S
&t A Py R )
e L2 8 A 58 1 o A2 SO vl IR Oy S AT A R JER ) 4 mmn FEA MR R 2. 70
B AR B D o
b 1 20 mm A KAV +200 mm K REPIK KV 2 +20 mm F KPS 0.89
Mt 20 mm KIRAPIK +150 mm 45 1R #E 1 + 30 mm JEHLA PR ERD S 1.41
B i IU A2 ORI 450 mm $F 8 IR R R)ZE + B K )2 + 15 mm K Je i 3 87 12 0.59

- h o 30 mm B &R ERHE BE L SRR + 99 IR BE L R W AR

http: // www. hdxb. hqu. edu. cn



630 LN S QNN = N D) 2021 4F

MR GB 50736 — 2012 [ FH A SR il X5 25 A0 Bt ) S A S BB BN R &
PR O 18~22 'C s /NI XL 0. 7 Y B /NI B i 0. 35 Y XTI AN 5 Wi B R 10 Wi 4
FITRNEC 0.1 N = NIRRT B B

PR 2R GE 1012 A7 I 8] 32 2R 08 {3t 2 2 48 1) (o 7 iy 2 A7 2 6. A () EAUSUAIE I AR 8 104 {6k ] 7 i %
Wi R I 2 R, Gastr 4 a R R G R RT A e i Rk 20 a KL b L. BL 20 a /Dy 4 R
PR I 28 48 19 A A S AT 22 PR A0 A

F 2 ORI EAUR Y A7 Ay S e I R

Tab. 2 Service lifes and influencing factors of different heat sources
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Tab. 3 Solar heating system optimization value .
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Tab. 7 Initial investment cost of solar heating system

sCHESR) /m? PUEASD /T1 TG POKHD /Tt POKH) /T 76 PCHAl) /7T PRI /T T8

60 2.56 0.6 0. 20 0.2 3.56
200 9.20 0.9 0. 20 0.3 10. 60
500 22.40 1.0 0. 26 0.3 23.96

1000 43. 20 2.3 0. 30 0.5 46. 30
2 000 88. 80 2.8 0.50 0.8 92.90
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Tab. 8 Initial investment cost of electric boiler heating system
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Tab. 9 Initial investment cost of ground source heat pump heating system
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Fig. 9 Operating costs and total cost of each heating system in life cycle
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