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Numerical Study and Comparison on the Performance of the Series-type and Parallel-type Heating
Systems of Solar Assisted Air Source Heat Pump
Li Hailin Li Shaoyong Han Xilian Wu Zongli
( School of civil engineering, Lanzhou university of technology, Lanzhou, 730050 )

[ Abstract] In order to solve the problems of winter heating and outdoor air pollution in North China, some new energy-saving
and emission reduction technologies, such as solar energy and heat pump, are getting more and more attention and application. In
view of this, this paper proposes a design scheme and the related running modes of the series-type and parallel-type heating systems
of solar assisted air-source heat pump. Considering an office building in Lanzhou area as the heating object, based on TRNSYS
software, the configuration, the corresponding operational situations and performance analysis of these two heating systems are
carried out, respectively. The results indicate that both systems are feasible in theory, and the former is superior to the latter in
energy saving. In addition, some key parameters of the series-type HSSAASHP are optimized by means of particle swarm
algorithm (PSA) to further reduce its operating cost. Thus, the comprehensive benefits of energy saving, consumption reduction and
emission reduction can be achieved.
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Fig.1 The Operation chart of series-type and
parallel-type HSSAASHP
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Fig.2 The connection diagram of SC unit cyclic control
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NPRAEBEKGR B R FFAE 35°C A 45°CZIH), TF
SRS AU fa P 1 BR KR 1 5 SRR BB 3 e E
ATIREL, %t i ASHP 4% {55 i N
yap = INT[0.5(yT + ptime) ] (2)

A (2) HINT NG E, B A iR EE

1] bR K HH 5 A7 a7 R R RIS 1B, TR AR
e 1, ASHP 5 ASHP /K% [A]} START,
M0, THE A H KR EUE 0, ASHP 5 ASHP 7k
I [FE} STOP.
1.3.2 # 46 HSSAASHP 417

# 6 3X HSSAASHP 1 5 Jf Bt XA [ 9 78 T
ASHP /K ZE H . A TRERWE 4 iR

Sckmess
T |

—
& LJ — S

i ASHPlI7KER
A EmRE R T
{Falerisi s d

4 BB HSSAASHP #J ASHP 7K SR HIZEREE
Fig.4 The control connection diagram of ASHP side
pump in Series-type HSSAASHP

4 RIS BIHON SC MAEIA K S H2 ] 4% 1Y
i 4 B B 5 ST B BGEEAT TH L, S B ASHIP K
FREHRE ST

yp = INT {0.5[yiime + NOT(ys¢)]} (3)

X (3) HINT AHCE K%, NOT NiZiHEIAEK
$, BI4 SC #tf/KFE STOP, #iH s% 0, [Hi
g7 il 28 pR e o 1B, TSRS A R U 1,
ASHP fll7k 4% START, #50], ASHP fll7kK4E STOP.

X BT LA ) RGOS BRI R

(1)Type b BLLLFHR K FH BB S5 #AA% 1) #A i R
EHRBHMRGE —REN 4m?, FIALKKEN
4.19kJ/(kg'K), HeHREHRHBRINKE .

(2) Typedc AU FT N B 4 BN #4388 11143 2 /K
i, WE 6 MNER/NIT AL DAL E #uK s
PR B T AR SR T AR IR 2 R I B . /KA
FEEE R, ATBOK, FERER, H T
KR R — D1 = R HRe

(3) Type2b o 45l 4 F Sk SL X 2 AMEFR
JKZEF1 ASHP ] START/STOP #541], 42 il B $ i)
v th 0 B 1 U T 2 AE R BT T) S M E X R 22
Upper dead band dT 5 Lower dead band dT HJLL# .
2 i) R 50 1) 37 M e - b — o ) 2 % o i N 4%



533 55 4 EUEAR, S5 . FFBEECR B A A (L R G P R 5L 5 0 e “429 -
REE . EH B E SR EEEEmAN A T RERN T B RR A & iy
LR Ci S =y A TR, 115 ASHP A FHARE a1,

(4) Typel b i 4 N FA R 5 504 1 ©
(KR Ay, 38 5 I8 1) 57 ) AT e T T “F gz s CASHPXE

(5) Typeldb #37.— 5% 5 I ) FH 5¢ 1) 58 1) bR %

#, FHA RSN R R — 4 BB
YR, BEA B RO N BB — A 31 P FAS [
ZIRE . BLE n=24, DABHUEER 24h S 014

K.

2 BEBRNMERS SR

FE 2L XSGR 24 N, L R=5
BE1H22 H, BESEMH . B HSSAASHP
(8 HOKF TZ R Z A1k, ASHP RIS MEFR K IR
START/STOP AR¥L, 4 BrAH M. I8 4T RE
Esﬁﬁﬁﬁﬁgami%mﬁﬁﬁm%%
SFP O IR ST R4k, T UL 9 B &R 18 B A K BH 4 S
WFIA), 13 B 22 16 BF AL T-064E, 1 = AMEE AR AL
FHASOR BH e 555 (1) AR AL B A S

WEE (CH

o

%“VKMWMMN““‘

N,

0 6
%] (h)

Fblf

1

=)

8 10 12 14 16 18 20 22 24

Bl 6 =SB HSSAASHP hERKAETNSMEETHS
ASHP 5. EHEITIRA

Fig.6 The variation of temperature at the top of

regenerative tank and the state of start, stop and running

of ASHP in series-type HSSAASHP
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Fig.7 The variation of temperature at the top of

regenerative tank and the state of start, stop and running

of ASHP in parallel-type HSSAASHP
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Fig.9 The states of start, stop and running of ASHP side
pump of series and parallel HSSAASHP
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Fig.10 The optimization flowchart of key parameters of
series-type HSSAASHP based on PSA
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Fig.11 The variation of temperature at the top of
regeneration tank and the states of start, stop and running
of ASHP in optimized series-type HSSAASHP
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