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Unstability Study of Air Source Heat Pump Water
Heater Based on Force Control

YUAN Zhaoyang,TAO Leren, YU Zhongyang
(School of Energy and Power Engineering, University of Shanghai for Science and Technology, Shanghai 200093, China)

Abstract; Aiming at operating condition of the air source heat pump water heater changing with the change of heating
water temperature, poor system stability and the variation range of coefficient of performance too large during the
operation. Adopted force control configuration software as the data acquisition system to design and build the air source
heat pump water heater test rig. By studying the change trend of each parameter when the system was running under
variable operating conditions, analyzed the influence factors of system stability to improve optimization of system
performance. The test results show that, under the condition of the same initial condition, the instantaneous energy
efficiency ratio of the system decreases with the increase of the circulating hot water temperature. The rate of decrease of
instantaneous energy efficiency ratio increases when the degree of superheat is close to 0 “C in the latter stage of heating.
The degree of superheat decreases during the operation. The compressor enters the gas-liquid two-phase region when the
degree of superheat is O °C. It can improve the working performance of the compressor in a certain extent, but heat
transfer of the evaporator side is not inadequate when the gas-liquid two-phase area last for a long time. The running
performance of the system is further deteriorated. Superheat is the main factor affecting the efficiency of system from the
study of whole instability process.

Keywords : air source heat pump water heater; force control configuration software ; COP ( coefficient of performance ) ;

instantaneous energy efficiency ratio
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Figure 1 ~ Schematic diagram of test equipment
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Figure 2 Force control configuration interface monitoring chart

F Gk PLC 5 14183 A & RAEEHE 1Y
RN IE AT A BE s EAT L. Qi 3 B, T 7 A
JERR LIRS , T e TE PLC Hh A/D B il {5 5
JE 1 RS485 L E LML, T AR DR F AR 4 R
BT INATBO BT S W B h RS485 ka2 AL,
AP A BT E S R L B PLC E AL
DVPI0SX1IR 5 ih RS232 Bi e (L fm Bt L 4%
B, PLC 5T HLZ W) B8 {5 B 4F Modbus
P,

TE S P ZS AT 00 R0 2 2 25 0 1 v e S A
FEAAZ XTI —A> PLC 3 18 P 1 27 77 4% Hu ik, A2 6
08 T VAT A5 L Y X 7 ol i 42 1 T v R S )
N R RUEA . DI g T S %

PCITEAL
ISR

A

RS485
[PT100%15R

PT10041 M8 4220 ma
DVPO04PT-S
BRI RSA8S

B3 HHEMBKEREREHA

Figure 3 Schematic diagram of

Pyt g 420 ma RS232
. Dvp1o‘s><ﬂ
-
T

PLC

computer data acquisition
AN AR A OB R BT AR R A, A
BT T 7Rt A i 4 ) 000 95k 5 s A A B GUIR A
A T RSN D) e i UL AR G as AT Y D) S AL
M 2 iR KSR, SRR R T R A



[#A%R - ']

R, F ETFNENTSRARPKBRARFRELHR <17 -

VB D7 S B[] P A B I 5 R R 3 excel ReAg
Jr R R S 0. MR RZE LR 5%
I B S TR R ) T B AR RN 28 iR AR RN
BER L, TSI R 8 KR T SR 8T
FAZ excel FAgH, excel FEFHE 2P H refprop
YIPERRAAS B AR R AR AR, AL B excel HH 71
PSSR, T T R E S8 EN
BFE] o ZR e A IR S A ML < 1Tk BEL I 1 TR <
LI 552K % R 07T B 0 A 2 ek ) 25 1, i A
JE A Wi LR 6 A B3 RE S IR 4 R SE s 1R B, st
B T 1 PR I v R B 2 R A I A B A TR BN BE TR
I FH 2 A1 A HE A BB R B0 C oo FRAIG, Bl #0833
(A RS NG T A B B () W e R v s

3 t&EF*

FEH RLR ZS I8 S I R G, ol FH 8/ ik
PEREREL Coop KIPNEEN RGN TAERE ) o AEASTHAE
WL E 0L F 817 il B/ A0 R 5, —
Coop B8R HAFBAT TOUARE 5 T ERU 3018 1 5%
L RG], 28 P AIRHOK S e BT A, T
190, 2% B 5T B IR P T 5 T AN T A A 1, PRI AR 4R
AR TO0F PRER LB . AR nT DLE i BOF 31
I AT R G T BIRERL L Coop,. , [HIZFR AR K
A8 W RGEAE AR B 9 A AR IZ T R, AR R
B2 0CHE L R e s AT B ) Coop B %,
SRS IR TR HOKERY Coop TEB TR 2 B
ARHES, Rt 28 SR IR BROK 38 1 R R R
BRI RERL L Coopine » A

_ (T =Ty i) 1 000/60  Q,

o = o (1
CLOPms wcmp W(, ( )

p

Krfie, HIEHKILINGS )/ (kg - C) 5q, HIEER
K, L/ming T, A A6 PR KV BEA% H KR, C
T, . FAEA KGR IE ORI, C 5 W, R R GG I
AT, W5 Q, ATEFRK BRI, W, G R K
IS MBI B A R 0T /K T 22 R e L

THA R G WL RS InAZE TR 1 P-4 B AL
e Ceopue s B

cwM\n,'( Tw,end - Tw,set)

JTW(t)dt

0

b M, PR KA B f# K &, O 100 Ly T, 08
23 R AR PROK AR5 1 I FAOS 89K A S R B,
55 C;5T, o FKAR BRI AR T U8 L 5 ¢ S At 8] 5 7
IR AR 3 W (1) 2 ZR GE BRI D) 23 55 T Bt 8] fr) ek

0 (2)

CC()P;J\P =

4 PHEEESH

AN RE LA SO R T4 2R 22 RO A7 A, X
IEAE R A BES E TR ; SO ok, R IR E R i n]
RS . BRI A R TR TR AR , A B E K /D,
JIT 45 AR5 W e 1) AR A U, S K Py,
o FH A (LA ey 5 AN S PEE ARG, 0 4 SR A i A K-
LG, FUAE A (A A

o[ SEN S R L W RSN U 723 = R
P R ) Bt )2 g P O T8 5 A 16 700 ) PR A K A
IR ¥ MR T PR e ARl . (HER T
IS PR 0 K JRE O S R 22 R W i 2% I K sk
B, AR IR AT 7 20 R BEA TR 2E 00T, IR 5T
R GERERL LU 25D Bt i v 22 B HE— Sl LUE
LRI o STl 3 A R A BE A S
Priwzs, Kt a0 s .

AC_

C

CV ALY a0\ (A a0\ (MY [ a0\ [ Ary )

ST e e )
(3)

Hordr: C BRI BERLLL Cooping 351,55 , 55 F 2 53 551]
(D) 5 BT BE A L AH SOG4 > i 4 B
Qs Tyoous T i W s AC SZ BRI RERL LE C o, B EE
TRETLRE ; Ax, , Ax, , Axy FIl Ax, 3510 %, , %, , %, AT 2,
B RZETEH . B AN ARARAZ(3) BB 15 .

AC _

c

Ag,\* (AT, ..\ (AT,.\° (AW,_.\
JE ) () () @

P AT Ve BEan it KR 2E  iEe T AT 1 4 ~
6 °CZ[H, PT100 %L ARG BESE N A PRSI, i
22 0.2 CyiF it AR R0 2.5 9, iR
25 £2.5% BB I AR M R LEGN 0.5 9, 1%

% £0.5% . HOBIHHEAEE Coon HORHISENE S

\/(0.025)2 + (0'2)2 +(0'62)2 +(0.005)% =5.3% ;

\/(0.025)2 + (0'2)2 +(0'2)2 +(0.005)* =7.5% .



.18 - B THI# Light Industry Machinery

2017 B3 HA

S AAT B R L A IR 22VE I E 5.3% ~7.5% 2
[, Ab - DRSO ARG T e G ) 152 25 5 i v 42 32 Y Bl =22
IR ST SRV e €/ E T
5 REERENH

I LA 2016 4F 10 A 10 H 124 K (14 IR 855 5
REHFEAT IR, AR 17 ~ 22 °C R BRI K
11 L/min, B % B 18 Bl 10% , 16 25 7K 90 16 T
24 CHHIFUGRAESIR . R 11:24 - 1301, i
97 min, A~ 5 B B R BT IR B AR R AE 21 C A H
A,

& 4 ] LI Y, R AR K L BE & K R T 2K I
(T FE AN R % 08D , REAK EL 14 7% 32 Y15 Bl 7E A o
JE A3 B R BT A R 22 Y T N
48
441

40

361

!g‘vff [ITJ‘ ﬁé%{ HﬁCCOPins

32+

2. 8 1 L L ]
20 30 40 50 60
TKFET-4 7K/ °C

A4 BERRERIL Coopn K AR
F ¥ KB A T AL AL B
Figure 4 Instantaneous COP changed with

average water temperature

IS wf LU HY i v 700 i PORE L B K AR F 2
JK Uk B T e T AN Il |, o FARE AR K AR 2Kl 47 °C
P/ NGB AR IR I TR, TE/K AR 227K i A 50 C BTz i
HIJETEO ~1 °C EFsh, s SR PLIEA TR
M IR A T 2 3 R ORE B 52 I, B I BE S L
C copins WTE 50 °C LU il /N3 BE B A8 R, D 3. 51 Jili /)y
) 2.86, FEAIR T 18. 5% , By ] U ik $AE 9 A8 A X &
GLis AT HERERISZ IR

MIEL6 AR AR 3T LU Y ¥ SR 2 AR B
FEAFALHEACR L V2 Bk 101 70 ¥4 590 T 0 v 68 Uk
P K AP KR B T s AR W O, (ER 4 HLAE
AR BESE R AR B R AR WS 21, 78 50 C LR H 2
ML T TRER S, 3ok i T A R TR AR 22
TIEARPLNACREE 19 b T, SRS 1 RO T
1o, FETKAR SRR 50 °CREIT, i T4 = Ay
SRR A HLHE R BE b T A4 B8 S 221, 4 2
o FEZE M PR R TAEHEGREE B T IR A . |

301

'S}
=4
T

THPET/C
S &

wn
T

20 3I0 4I0 50 6K0

IRAEF KR/ C

BS i A JE MUK AS P 39 K IR 0 LA 2
Figure 5 Superheat changed with
average water temperature

L RT DL, B A RO A T 08 G R A FLHE L E
AN Ty, TR s e i B A R0 s v b e 1
HAE D BRI AR AR50 TAEVERE

80
701
60_
o
50
g Zm
dof SHEEE
— AR KRR
ol RGBT
SIREER T
ol SHIA FIRE
20 25 30 35 40 45 S0 55 60
JKFE T4 7K i/ C

A6 &AM AKEYG RAAR
Figure 6 Temperature changed with
average water temperature

REBAE AR 0 (2) TR R G RER L
Core N 3. 95 AR T EPRBERL LEARE 4. 60, X & H T
RGArIst TS R P A 1 FR KR B AN B T Ve B
JEA AW LT, 2 WS 2 il B AN W LT TR S5
JEAAL N T BE R AR NG 22 Dok N, A IR, B
AP HGT IR — EL0 D, i 3R Geam 17 2 e I A2
SRR . AR AR I PR AR T TR 4e LR
R BE HGE T RPN TARPERE , (H I ] A 1l =ty
W AHZE S AR A WTBAL il e TR 28 R A s 4, etk
TFRAS BT 7870 F FH , 78 2 A (9 e B sl 2 22 i
W=, FERGM R — LG, H— 25T
A 7 ) L 2 K O s8R 9 KA T sl 1 i A T
T, P A A i 10 3 v 5] 64 e TS, R i e R
AR I 8] B I Al O R GEas AT PERE A AE
6 4%iE

1) DL 3 ez R POk i [ Prbm o BERK HE



[#A%R - ']

R, F ETFNENTSRARPKBRARFRELHR

.19 .

2% WO TR POk AR & , 5
PARAR JR 7 DU 71 JFE B0 4 AT T Il R A R RE SR N, 454

i

B, R, RN LG R DI PLC FihfE &%
ZSIRAE 3 B RO BB R AR AL i, il T % [

Y RS BRI R G i AR A s 4, R e 17k

N E =
2) BT RRSR A BARI T O RERORH [
SEREUEATAMIT. S IRF I 255 s IR 1 5
TAERR IR 2 25 A VEFE BRI AR L Coop 177 (4]
WIS IATE 5.3% ~7.5% 2 ), )& ik dezm )
Y Bl .
3) TEFRESIREE W 21 °C WK 24 °C | FFF
KR 1 L/min, B FIEAKRTFEE ] 10% B9 TIF (7
KA G AT T BRI, RIS R MK (8]
349 KRB R T 588 K L 2R 5 R I B L C o T2 1A
B B ZE RN A S Bk R s e
FIG A VR E R TR FLBCIR SRS
AR, RGEAT R S HE 2R S S 8
B, LR T o B K R 4 A L e — A
RN, FHIEZE O ~ 1 CRRyItE TRE, o (1]

JE fie e M AR AL, (AR T/ A U BOIRAS T

(E#% 13 1)
P AR AR R A B0 2R A TR B PR R A B AR H T
2) HIE A ERAT RUIEERET , R AL SRR RS
BT AR B0 35 S i, HL AT S s 2 AT 2k
AT 7 T TR A 32 i 26 s Eh R P A 52
3) IR s g TR g v A A BT BRI
Ao RL AR B3, A AT T R B R A e %) [T A ¥ A
P B T S4B ™ i 6 A R — 2B R
S 30Hk
(1] #EW, % RSP NEMS 240 TH )]
5 #3+,2004,3(26) :26 - 28.
SHAO Chunlei, ZHOU Jianfeng, CHENG Wenjie. Experimental and

(5]

Le]

(7]

(8]

[91
(2]

numerical study of external performance and internal flow of a molten [10]
salt pump that transports fluids with different viscosities [ J ].
International journal of heat and mass transfer,2015,89:627 —640.
BXE, B, AT FRBETHEEREZGT R WEME
I mE T RFFROE AR FAR) ,2015,37(5) ;102 —
107.

(1]

LI Wenguang. Effects of blade exit angle and liquid viscosity on [12]
unsteady flow in centrifugal pumps[ J]. Proceedings of the institution
of mechanical engineers, part A: journal of power & energy,2012,

226(4) :580 -599.

SR R G B s AT VERE, 6 AR GE B I REAL L

oo, IO/ MRIEE— A K

SRR

kB HREGE. BEEARBRERARTLE R RICRZAFELT].
w4 ,2016(10) .375.

Zal, ok EER, % REBAMAIRELE @[]
BAE T k¥ FM(OHARFR) ,2012,37(5) :54 -59.
HEFER,FANK,E ZSRBERRBAE N AR HZE
[J]. wA&RALA,2006,10(34) .79 - 81.

Ko, HEHAIM]. 4% T 0 Bk 2007,

FXE. R TRAMEVARBRAABE RN ILEFELI]
F i FH,2011(5) .54 - 55.

HWAE. SRBBRBABMERNRT %5 E R ELT[T].
#1945 78,2015 ,15(3) :82 - 85.

KL HAEHNIM]. oo &% #F H A ,2010.

AT AEASKERE A ERIM]. dea ¥ T R,
2013.

ok R A IRAE]L 63k DVP-PLC B ST [ M]. dbxt: &
W, R ,2010.

KLINE S J,Mo CLINTOCK F A. Describing uncertainties in single
Mechanical engineering, 1953,75 (1)

%

sample experiments [ J ].
3-8.

DAk AN BN ERE R EN TR EE2TLI]
K4 EE 1 2011 ,24(1) :93 —96.

TREVISAN F E, PRADO M G. Experimental investigation of the
viscous effect on two-phase-flow patterns and hydraulic performance of
electrical submersible pumps [ J ].
technology,2011,50(4) ;45 -52.
X, HECE R B TR A AT B PIV X R
(1] AR LALAL %4 ,2008,39(11) ;55 - 58.

LIU Dong, WANG Yayun, WANG Yingze, et al. Research of liquid-

Journal of canadian petroleum

solid two phase flow in centrifugal pump with ecrystallization
phenomenon| J|. International journal of fluid machinery and system,
2014,7(2) ;54 -59.
IR, B F A Eh N7 R E AR I B B B RAR ik it [
VL VL Ak 5 ,2016 .8 —12.
EEABAG BERNELEENERAME TN HI]
# THLHE,2016,34(5) : 1 -6.

LUCIUS A,BRENNER G. Unsteady CFD simulation of a pump in

D]. #

part load conditions using scale-adaptive simulation [ J ].
International journal of heat and fluid flow,2010,31(6):1113 -
1118.

MR M, KR, % EmA v b R R B R AR K
MG HmALT]. Kk TH%4K,2014,30(11) ;76 - 82.
FEXA,EW% BORNABAETEs A EHEEN L BEH 5

HLT]. e T4,2015,32(3) :324 -327.



