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Flexible Design of Direct Expansion Solar-assisted Heat Pump

Xing Lin  Yan Jinzhou Wang Kunhai Guan Xin

(School of Energy and Power Engineering, University of Shanghai for Science and Technology, Shanghai, 200093,
China)

Abstract A flexible design scheme for a direct expansion solar-assisted heat pump system is presented. Based on the flexible theory for
the virtual operating point of the basis design, which was stored in the flexible space, all of the operating points within the flexible space
could achieve almost the same heat transfer effect. The weights of the environmental factors for the system’s coefficient of performance
(COP) were obtained in a simulation and verified in an experiment, including the irradiation intensity (52.2% ), temperature
(34.7% ) , and wind speed (13.1% ). A total of 25 sets of systems were simulated under typical weather conditions. The purpose was to
verify the operating points that fell in the flexible space based on the weights for the optimal combination of virtual operating points ob-
tained. The values of the irradiation intensity (/,), ambient temperature (T},) , and wind velocity (u,) were 559.97 W/m’, 21.6 °C,
and 2. 89 m/s respectively. The simulation results showed that the variance in the system’s COP was 0. 156 ,which was superior to the tra-
ditional static design result.

Keywords solar assisted heat pump water heater ( DX-SAHPWH) ;direct expansion; mathematical model;flexible design; COP
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Tab. 2 Comparison between simulation results and experimental results
5E FHRFHAER PR WK AROMA FEZEHLEL) cop Sy Eii)
HREE/(W/m?) H/C H/°C B/(kW-h) ¥/ (kW-h) [a]/min
1 SLEE 951.75 19. 98 13.0 5.618 1.09 5.15 86
FEAME 5.740 1.03 5.57 82
2 S 748. 15 30. 09 23.2 4.025 0.76 5.54 76
R 3.955 0.72 5.49 72
3 SEIE 295. 30 32.10 24.2 3.745 1.26 2.97 118
FEAME 3.693 1.20 3.08 110
4 S AE 645. 20 31.20 23.1 3.955 0. 84 4.71 78
HLALME 3.903 0.81 4.82 74
5 S 404. 00 15. 67 16.8 4.970 1.11 4.47 114
HLALME 5.023 1.03 4. 88 108
6 SCE 819. 20 23.40 23.0 3.885 0.78 4.98 72
(EENE] 3.903 0.75 5.20 70
7 S 579.32 25.63 23.3 3.885 0. 89 4.37 70
R 3.868 0.82 4.72 68
8 SEIE 602. 35 22.48 23.8 3.745 0. 86 4.35 72
FEAME 3.798 0. 83 4.58 66
9 SIHE 665. 19 22.56 24. 1 3.745 0. 81 4.62 68
FLAME 3.710 0.79 4.70 64
10 S 261. 41 18. 62 12.7 5.705 2.03 2.81 148
HLALLE 5. 688 1.91 2.98 142
11 SLE 587.13 34. 51 22.3 4.095 0.91 4.50 78
(ENE] 4.008 0.83 4.83 76
SRR/ % 5.34 5.12 4.96
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Fig.2 The changing law of COP with I,

3 CHABREIF] 39 C, 153 P W ER
HI P 3R] AT, 4 A T R XU K A 46 K i fR

5 10 15 20 25 30 35
T,/C

3 COP [T, (T

40

Fig. 3 The changing law of COP with the T,

FEANAS , B A BRAE R %) COP #Y 52 1ie I, AT 40
COP BRI il B (Y T g i 48 K o (HAE BRI



£39% F28
2018 ££ 4 A

BB KRR REMIRIT

Vol. 39, No. 2
April, 2018

W46 7K LR Bl PR 55 it B A A T AE AL ), 2 5 T )
FK I AR A R 3R, 7 045 SRS BE B e A 5 i B2 )
AR

XTI, 0 Ry 450 W/m? , FRIEIR HE
K15 C LG KIER 17 °C L K H 1 m/s FRERLL0. 5
m/s B RIEIE R T m/s, B 4 P O REUAE R .

1P 4 LA, BRI IR B ) o K I L T
JEAAE , Buplh 25 [ KU X COP /Y 52 i i), COP 2 [
R ) g T G R, 2R AT DL RS — K i Y

4.6

4 411450 Wim, T,=15 C,T,=17 C .

42} COP=0.11u +3.27 * _

COP

4.0

3.8¢

3.6

u /(m/s)

4 COP B u, MEUXFR
Fig.4 The changing law of COP with u,

55p
50|
45|

S

S 40|
35f
30}

2.5 , , : :
0.2 0.4 0.6 0.8 1.0
prceik

B 5 TERLER

Fig. 5 The results of nondimensionalization

o e R i B8 PR IR XL 8 RSBl A T 4
e, BRI T £ R 2 6] B A G — HLI Z AR A
JE A 25 5, IR BB S 1h 4% PR 8 I R R X 7
COP SZMARALE . it &l 2 ~ |51 4, n] LI ) COP Jp
)5 A FH A R i B2 AR5 T PR R G ) 22 e 5 R AT AT
DL — U 1 e K, BT LA JIG i 49 Ak P AR 25 A b P 7
o B NREREW AT EEN L., LE
PALERIERIC RN S Fs o

X; — X

max min

AR 1 IABEIRIE T, KU u, 3 PIREE R

FL[E 5 COP, #4715 21 JC 1 49 1Y 4 o B | PR3 I
JE KGH ) BAE PR B b (ELL A3 K, 2 Ry 2k, = 0522
0.347 : 0. 131 , BURHEILIISIRIE TS RIFEIX RS T
ERRRDR B 5 S SR Y 52.2% , FREE IR Y 34.7%
WG 13, 1% 4R RESE X F COP ¥ 20 i K B
BRI Z R

3.2 I FEMETE

PEHUAAE N A X BL AU R SAE W A S8, K
BHR e B | PR 58 I R | XU 0 J2 AR iy Bt £ 43 3l
BU(E . H v oK BH i A5 RE %) HRO(E VS 2 35.3 ~
899. 4 W/m* I EE I B BUE TG 1.0 ~35.0 °C .
KGR HUEYE R 1. 26 ~ 6. 40 m/s, 254k 5 [ 80K,
B S Fi R OE A 0 A A BRI B KU N BR B R
BE AR BEE 9 T, =430.75 W/m®, T, =18
C,u, =3.31 m/s,

R IXC () S FE S B AT 3 oo ) 224 U,
MR bSO, e BRI TH B R 7 [ 2 P 45 25
T, IS AR VC AL G R AR 5 S8, R k {E
FEFEARAL , AR AT T F2 M it T 00 5 i 52 i LA 2
— B AR SR 3020 1, i MR
EIEE (T, -30% 1,1, +30% I, ) , 5
AIRETERE N (T, -20% T,,T, +20% T, ) , X#
BUEIEREA (u, —10% u, ,u, +10% u, ) . 133
ZE [ 6.

10
= Y N
=z u p.llz\\
x D) 2 5
+0.2T
0
T/
50 1000 1/(W/ 2)
E 6 FiE=iE

Fig. 6 The flexible space

4 BT SIE

VAT AS (B 0 KR Z , T ZN R E Fre A
MEAU T8 o LR PIT A v A S 25 1] Y 00 s 42l
PEATYR U AN B, BT AR D R 45 B B0 Y HE
ST A AR BT B ] Loy (37) IE SIS
IR%E 3 AR I S8 BT RS T S 45 0%, A0 midE N
TEAZ AR H A A, W 3 Fs o



£39% F28 #l % F R Vol. 39,No. 2

2018 £ 4 B Journal of Refrigeration April, 2018
RIELZEERR x4 —EMNF20 HARKTSTRH
Tab. 3 The orthogonal factors table Tab. 4 The typical working condition of 20 days
1/(W/m?) T,/°C u,/(m/s) ik 1/(W/m?) T,/°C u,/(m/s)
1(559.97) 1(21.6) 1(3.64) 1 117.1 6.9 1.8
2(495.36) 2(19.8) 2(3.48) 2 607.3 5.8 2.8
3(430.75) 3(18.0) 3(3.31) 3 352.3 18.3 4.1
4(366. 14) 4(16.2) 4 (3.15) 4 195.7 19.6 5.3
5(301.53) 5(14.4) 5(2.98) 5 438.0 25.4 1.9
6 784.2 28.2 2.6
B Loy (3°) IEZCHR T AT 25 S5 55 4548 1082 250 e
ERGPINTER 4 2T I BARERMER 20 4K g 1860 " »
AL HATIBATRAU, 5 T 25 x 20 B8
BRI AR R TR, s 0 679 >0 2
gt COP Jy 2R s =ik, ¥ EERGTE 10 649.7 9.6 2.8
20 d # AT A MRS AT, # COP JEAT 73 4 2 Jr 11 352.3 2.8 2.8
22, 1R 25 BERG Iy 2 AT AL, J5 255/ N iz 2k 12 233.8 12.7 2.1
PEZS (B R B G . £ S RARBGR, Hrb K, 13 471.0 18,1 38
HAEES) EOKF-5 0 @ TSR COP JF Z{HZ " 299, 4 35.0 34
Lk, AR S EAKSE-5 i R Y COP Jy 22
5 6T 15 405.7 29.0 1.4
AR IEACIR IO 1, Bt T R o = 10 123 27 2
559.97 W/m’ T, =21.6 C \u, =2.89 m/s, 525t 17 2791 215 1.8
TR B R & S G RS R ITE Y 18 72.2 16.0 2.
B T (BT, =430.75 W/m*, T, =18 °C ,u, =3.31 19 679.9 5.0 4.4
m/s,) R4 HITE 20 d B T FRSBLE AT, 155 68,2 Lo 5 g
Teop S 0. 156 0. 702,
x5 EXiRIER
Tab. 5 The orthogonal experiment list
SR 1/(W/m”) T,/C u,/(m/s) Toop
1 1 3 3 0. 358
2 1 2 2 0. 466
3 2 1 3 0. 434
4 3 2 1 0. 891
5 4 2 3 0. 701
6 3 1 5 0.261
7 3 4 3 0. 569
8 4 3 4 0. 488
9 5 1 4 0. 561
10 2 2 4 0.317
11 3 5 4 0. 398
12 4 5 1 1.262
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S U B 1/(W/m?) T,/C u,/(m/s) Toop

13 5 4 2 1.198

14 5 5 3 0.979

15 2 3 5 0.235

16 5 2 5 0. 402

17 1 4 4 0. 254

18 1 5 5 0.202

19 1 1 1 0. 551

20 4 4 5 0.326

21 5 3 1 1.510

22 2 5 2 0. 600

23 3 3 2 0. 668

24 4 1 2 0. 837

25 2 4 1 0. 706

K, /k, 1. 831/0. 366 2. 644/0. 529 4.029/0. 806 —

K,/k, 2.292/0. 458 2.777/0. 555 3.769/0. 754 —

K,/k, 2.787/0.557 3.259/0. 652 3. 041/0. 608 —

K,/k, 3.614/0.723 3.053/0. 611 2.018/0. 404 —

K,/ ks 4.089/0. 818 3.441/0. 688 1. 426/0. 285 —

W2 R 0. 452 0.159 0. 521 —

1,=559.97 W/m T, =21.6 °C .u, =2.89 m/s
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