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Research Progress of Low Temperature Air Source Heat Pump
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Abstract; In order to solve the problems of insufficient heat supply, large pressure ratio and severe frost in the low

temperature environment. Many scholars carried out theoretical and experimental research, and proposed some solutions,

such as auxiliary heat source, compressor performance optimization and automatic defrost. The author summarized some

scholars’ research results in the solar air source heat pump, two-stage compression with single stage compression system

with intermediate vapor injection and defrosting technology, which could provide reference for further research and

popularization of low temperature air source heat pump. At the same time the article introduced thermacoustic heat pump

technology to improve system performance in low temperature, and the application prospect of frost free heat pump

technology in the frost suppression.

Keywords: low temperature air-source heat pump; two-stage compression; defrosting technology ; thermoacoustic heat

pump technology ; frost-free heat pump system
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Figure 1  Principle of two-stage heat pump
system with intermediate cooler
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Figure 2 Heat pump system with economizer of
increasing enthalpy by supplying gas
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Figure 3 Schematic of traveling-wave
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thermo-acoustic heat pump

S EE R AR TR O - 20 °C VLR B
50 CHf, A T R FGR ) 3, M0 R R B
64% 147, ZE AR LA E] 1 600 W, FE AU 1.19, &
g HA R E R PR RE A T, i WHZ &
LI B AER R TF R REAF AT , ISFA TR B RN 22 il
LT HEREAE A AR 13 FE D AT X EL RIS, S 56 285 2R
FeW X TFAH R 2242 0 I AR P AT AR & 1 R GE AR5 1Y)
BRI iy, 22 R TN 2T 2k B R 1 R GEARAT BRI
0K B 24 220 X [ A s AT AR5 45 1 [l BB e B AL
Bt i FL 2242/ INI S 8 0 A R 1 3 e AR MR AR K
FEE RIS T, WA FLBR R X RGN, i
PERNE R BN RGEEK

PO PR FARTEMGIR 2 T BB LG Tk
UGS AR B | 7 VA e RN DR v VR 55
T ELA ) W A R S, (H T T2 R KR
HIRFET B B, B A7 2R TR ARG T s
B B, BRI T Bkt T 2 R AR 5 AR o
4 BRFEEAR

25 SIRIATE R G el )y TV TR J 1 b X
HREAFAE ZE MG ARER L5 1) (7)1, 5 S0 B R R, A

SO NI o iR 45 G 1 BRIV FIBR FEE A N
MEIPFR S . SRR ERFE 2R, T ES
PS5 L G R LA AE B RE A A PR AR A 7
FL AR SR R TR BRI ) T4, (R ELRE RB R, AN E 4
7o WIE PR AR A R R AR ALHE Ok AR
Ik DU e 1) R o, TG A A B, ERITES W o
(R R BR G AT BE 23 2 WS IR, T BG4 e X 152
AR, AT T IE IR AR,
AL R HER L e R ESE T —H AT
BRAG , 2R G0 TC 7 158 b il 34, X2 PR (52 /)N
RBR TR ] A4 o AR 35 BB B A 2 BLAE 1 BF 9% 34
KRR AR & AR AR B B AR AT T B 7 DI ik
St 2 YRR AR I



(&= - Big]

RES, FRETVRARARHRE - 99 -

4.1 BRFEEL

SRS 4 LA 3 A S K A R A 42 B
FEHAERFE HEKFIZE T 2097 1022 0, 4R < 3 A
FMHETR S dhHBE B TRk 2
2 SIMILBR TR 52 i, F 9 3% B b Ak 7K 25 W e 4y
o R BE R IR 7Y

PRI HLALTE bR G I 25 20 X R 4 ML A e P i e
Wi, AT BORML . F REU S 5 B s 4, H
S QEURME . b R T A S e i A
RIS W RIS TR S = IMEE R
(56 2, 4 T 451770 ] W 9% 1 4 TR 94T 45 7 S2 0
58, R R D0 C AR, B B BT, 45 7
PR s QU RE — 52 I, ARXHR B, 25 R, AR X
VI B KT 2 R B S ) B BE R o XA RR T R R K
PR L DX 1) 245 P B TT B L b T IR X R ™

B XA 19 25 AU B X 45 7R RS2 ), A [ M
RHEDPI A BN . SR RS i g
AR B0 J P A TR A IR A S — A RS
PEA TR A 25 RS A TR 2 Z ) A AR EL RS M . I3
AL BIF G AN [ 4 200 T XL ok o) 2% 2 5 5 A5 0 A5
5 RGH RRRAIG , 45 7 0 ORI o 3 J2 400 g DAL 3
AR/ M A 1) SR TR B AR, A R TR 2 AR K
4.2 ZENBRBERATAR

ZHHARZ & ZENPILH— & 4L, b T
PR I S RIS AT 3% T AR s Bk 32 B T 2 3 1A
ATl T B Z R A S R B A, PR E R
W EAE—EN 22, NI, BFREE LT X £
HEHLIOBR AR IO TS . H 25520 45t BR AR I A ) 2
PIAILAY RS IRLEE WT RS [F) L 3 5 A8 B A= N BILAS
WA R IR 7 BT 2 PO B 5
AR5 i A AR BR AR B , 3 Aok L R A s o
TR AR, SCIIF B RE T4 30% 2247 HBR AR [A]
4.3 ETEMR

EExt o SRR AR 00 55 R RS 45 7
(A ) L, T AR A 90 2 3 4 1 — b TC 7 4 R AR
RYGe, FGAEEEDRI R E R 5 00 F A e TR 2
TET ) 2 Y e, DT 3k G 45 A 5 30 2ot [l i e RO P T
PR, LR AR SNAE AR N 0 °C HARXHE
J& 4 80% B}, H COP EL VS Z55E BR AR R G AL BR AR 2
i3 5 7% 1 46% £
5 4 iF

A S IRIIEAE S — P2 B 7 8 | = 50T RE I R B2
VA, A L3 3ok D 3 e o A ¥4 T 00 T S 2

7 A3 AL SR m B IR . BRI I

FEHR G BT RS L 853 b Ty i XA SR 2 75 oK, {5

TESEPR P A E e AN B R I TR 4 DL b KRN &

PRSI, 3% SEHR 2552 i FH P R B8 AR Y E 1817 o
WK S 25 R4S & MR g I AR 6 2wty

AE FRRMY B, g B () R G 8 2 B AR s Lo Y

B 2 — 3 o PRGN 4 AL 1

TCREPE AT IS I o PR A 2 AT TSR R GEME L sk

ST, 45 Fa LR BR R H R W98 45 52 561 . ToM

AL R GEE R T 45 Fa R0 bR R 0 R Ge 1 BB B2 ),

WAL AR R HOR F T AR IR PR 455, 1 oA B

GBI, BEAE TR I BRI B AT AR, AR IR

WK AT A HT R

S 230k

(1] #IGHE, Zan KTRBEEZARARNTITR A EXRER
AH X ey [T]. %4 5 R ,2012,12(5) :39 -44.

(2] EHw, B8, 04,4 KREAHERAHEIZREARRA
W AR L] #1045 %98 ,2015,15(10) :16 - 19.

(3] HAK,Z24M, %% 4 KEAHERAEHZREARLZA
WA B LR AT [T]. BR AR ,2014(18) 129 -33.

(4] IHB AFEAFGTAME—Z URAR AR NS EEMN
[D]. 2 M .22 338 T k2 ,2013.55 - 57.

(5] 2%E. 24 BRREAKZEANFRHLRLI] HERR,
2015,60(18) ;1661 — 1677.

(6] HR#EGAE Y F ZECEEERAEETREARER
AEAATHER[J]. KFE 4% 3%,2010,31(9) ;1168 - 1172.

(7] B R ZECEHABARMRETRBERARERAREAT
Bk gy LI AE [ T]. AR #,2010,26(10) ;251 -254.

[8] 4, A, % ¥R EAENEREEARI]
WK FR(CE BAFM) ,2011,38(7) 169 -72.

(9] 4%#H. 6L %H, %5 ZECEHARRERAARA S KE
ARG M) EHAF,2011,27(2) ;71 =73,

(10] R, EH%H, 7B, £ TEAEHMHORTEARRA L
I R T %4 ,2014,30(12) ;184 - 191.

[11] e, ¥R RAEEERE ZAERRAMEEHEE &K
w7 [J]. EETFEFROELFFIR),2013,22
(4):9-12.

(12] 2 AREHEMERZAIAARGETFELENLATARE RS
WER G LR [J]. SR L BOR # ¥ 4R,2015,13(3)
15 - 19.

[13] Ak, gat, B IR, % = R4 AR AR BRI KT R
[J]. R FH4,2016(7) :42 -45.

[14] ZFBEBE (TEH. ET PR RASKCRE) LA 2858 R
S A R[], B R ,2015,45(7) 102 - 105.

[15] M2, 2R, 2TR WABARALGEREH R A EER
B &RT I ARFFHOEARFIR),2012,35(4) 447 -
451.

[16] Ex#,EB0fE,HR, % FEHNAESEFERR RS BEN



- 100 -

FZTHI# Light Indusiry Machinery

2017 4 1

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

L], HA %#4%,2013,34(4) 40 -46.

KA EZRESE SRR ARBORLI]. A IR,2014(31) .
72 -73.

HOULL MM B R ERAEEANA RS WRIE S
ARG R[] KRS #F,2010,38(2) :48 -50.
EUEEEH RAFHATRARELA#ELI]. RERE,
2006(2) :13 —15.

W, % 4, £ ERE, E. B RHKERS SRR AATHAF A
R[I]. KB T42,2012(4) .13 -17.

R, R, R, & BRI RAT A F AR P E R B
%[J]. TA 4 FE 47,2013 ,34(5) :808 - 811.

RGNS N |G R &
kG EhHr R[], #l4 %W ,2014,35(5) .7 -13.
THEE,EXE,FEE, . KETBETEZARRARNFEIAR
R JEZELT]. 1A %4 ,2013,34(5) :47 - 54.

BAER EH,FREF AREKEZEESRFIRY W E
B[], H A A ,2014,34(1) .26 - 31.
WA, B35, RS XA ST BEEMNSRERR KT
MR BT A [T]. AR LA 2014 ,42(11) 159 - 62.

HEF ZHZ. ZARRENARFIERE(I]. HAER
8,2015,15(9) :21 -25.

T, A KA, F HLAEESARARERTEERARFAR

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[J]. #]A 4% ,2010,31(5) ;38 —43.

RITE R W, CRAWFORD R R. A parametric study of the factors
governing the rate of frost accumulation on domestic refrigerator-
freezer finned-tube evaporator coils [ J]. ASHRAE transactions,
1991,97 (2) :438 - 446.

YAO Yang, JIANG Yigiang, DENG Shiming, et al. A study on the
performance of the airside heat exchanger under frosting in air source
heat pump water heater/chiller unit[ J]. International journal of heat
and mass transfer,2004 ,47 (17/18) :3745 - 3756.
BER,EAW, FHL, % £ ERBNHERENELRAR
SRR [T]. LT ¥4R,2012,63 (7] 2) .32 -37.
XE,HA. ZBRALE R SA R E R [T]. #1%4,2011,30
(3):70 -75.

HE, ERE, kA, 5 RAEARAR L HAA AR
[J]. 8% =R ,2014 ,44(3) ;34 - 37.

i, W, R SRS AFEARMELE RRFFER
et )] #1045 %98,2014,14(8) :102 - 105.
IFREFEEAEE,F —HHFALFZAREDRAAE L
HEF s [J]. #4547 ,2015,36(1) :52 - 58.
AR, EEE .5 FRARERAELARZAREARN
REERFELI]. 4 F4],2015,36(4) :85 -91.

AZAEAN LA LA LA LA LAl EallallallallallallallallallallallallallallallallallallalLallal Lal Lal Lal Lal Lal Lal Lal Lal al Lal Fal Fal Fal Fal Falhal fal falfaly

(EEF IS R)

HUEES

TR/ , SR B IS E | i B L

%, AT LV A B RS FEIT S AT 4 RO A A
REST , B RGBT HYRCRFIRGE TE , 122 L e FAHE AR

HEBMIER.

S E 3k :

(1] frEvk, sk Z . FERFEN IR [T]. # I8 3FE K 47,2005,19
(1):8-12.

[2] SEITRZRAE 4. FE %P KH(2030.2050) & & & e oF %
AR IR M. L B AR 2011

(3] DEM AER HBERERRRAGATHELI]. wE=H,
2009,39(1) :102 - 106.

(4] ERALAEA TER £ BHAHFIAREARRATAM

ALY AL SR B I AR (B AR SR ,2005,22(3) -8
—-11.

(5]

(6]

(7]

(8]

(9]

[10]

(1]

WANG Jinggang, GAO Xiaoxia, YIN Zhenjiang, et al. Study of
operating control strategies for hybrid ground source heat pump system
with supplemental cooling tower[ C]//IITA International Conference
on Services Science, Management and Engineering. Zhangjiajie,
China; SSME, 2009 ;507 -510.

B K. SR e R F M. de g P E AT R
#,1993:19.

AR AFIO . RAZAR B S BT EAFEIM]. 2 ]
Ao P B Tk AR, 1993 :56 - 58.

MAREANIESR. R IREM]. b FEZR T L HK
#,1985:9 - 10.

K, RBE. EITFPLCRERARTENAM]. o Ml
ATk 44,2006 :8 — 14

. RNEEETF WinCC VO[ M. b xt b xt it & At X &

28 B ,2004.

HAE X TEASREIM]. 2R FRASF HHRAE,2005.



