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Application and Prospect of Air Source Heat Pump Drying
Technology in Grain Drying
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Abstract; At present, grain drying methods are limited by environmental and artificial conditions, which greatly restricts
the development of the grain processing industry. Therefore, seeking efficient drying technology and equipment has be-
come an important goal for the development of the grain processing industry. This paper summarizes the research and ap-
plication status of air source heat pump drying technology and equipment at home and abroad. Taking the equipment
structure and working principle of air source heat pump drying technology as the research object, it analyzes the reasons
for problems such as uneven drying, high energy consumption, and low efficiency in drying equipment and discusses the
corresponding improvement methods. It also discusses the advantages and disadvantages of combined drying technology
compared to single drying technology in terms of equipment, processes, and other aspects. Based on research directions,
improvement of joint drying processes, construction of drying information platforms, and equipment research and devel-
opment policies, the development of joint drying technologies in the field of grain drying is expected to provide a refer-
ence for the development and equipment innovation in the drying field.

Keywords:air source heat pump; combined drying; drying equipment; process parameters

Y #5 B #1:2024-05-14

BEEE : 5584 7 A0 %3 8 (20221y02) .

YEE R AR (1999—), B, @k MA L8R A B R F & H AT 1% &R, e-mail :2794404736@qq.com.,
HEEIEE 40E 32 (1988—), B, ZBARMA, 81348, 1 £, AR 7 & 77 A RALE &3, e—mail : baogp@ahstu.edu.cn,



g o B

FrRFR(AARAFR)

% 38 %

B R G0 R B R, 2023 4 FR R R 8 7
69 541 77 t, L2022 AF 34 K 1.3%" . MK 7= iRk
A E WA SRR 1T R 2022 4F B
TH P (U 486 kgo BREEZ M D FTH AR E,
MREHFER S T AR, RS R 2 —
JEWPBCER A B Bk B, B ML A T M it
T, TR A8 R I K R R/ N2 AR HERR e T A A
R EGNHEE, FLNIBOR KRS /N2 1 1 7 A
SN TR BT IR B AR A el R4
T A ™ it PR [ R | R 1 5 2K 18 3K 8%, I
T RGBS E R T8 B 4% 87 . BAER
T I R R 295 000 T3 t, PRI TR AE MR n TR
LLEP S

ARk, 2 SRR E TR 13 T 8ok
RN . 2 RIS E A Y 7 R
HORT Y H KBRS TR E Y
2 PR A TR A SR BE s AT 2R AR E
P BT b IR SE O A TE AL A A gk

b B BR2Y AT SRR AT VR 2 TR
TERBERRE TR EZ . Fk, A SOt
JUARTT K 1 22 P 6 TR A 2 PR R IR e o SO
W& TR BT 0. S AR AR 2= <R
AR TR DL I T AR B 2 B 22 Rh B I8
TR T8 — 2 PR TR LSR5 AL 4
AU AL A MR TR BOR I IE 5 2 45 )
WS

1 E=|RFEHRRTFRIEE

11 EREARFREEH TERE

23 R ARIR I — Bl BE U8 1 MRl AR RE 5% 1k o g
R AR BE A B A, M2 O AR TR S Y ek AT
IS A E PR Y B RSB R Y
23 IR WA B 23 1, ied e 4 o e il s T
MR, B E AR SRR  E T 2 P TR
85, I PPRL H oK IR S BT HRAROR . 23 R
R FEA LA QLG IR AT HIL v A I MK 1 A 2 K
o AR A PR TR R BN 1
IR

Bl =SEARTREZR"



% 34 Bl EER RAR,F RARKRTREAAERRE TR LA REZ -9 -

1.2 ERFEHRREKFIRE TIERE B A AR E B TF, MR B A B K PR T B
1.2.1 BB AERERARTRIZE 7 AR I AU A 25 S A e I S R )

e K HE A7 H2 300 MHZz-300 GHz U RLIE G, RHEOHET 0 Bk 28 IR AR AR I B an 4]
M R B A A B R R . RN 2R
PR A 23 [ BRI ) BRI 2 I T A T B 48, DT 3K

HHARAR RS ZRMER TR RS

AH | I
iwiﬁﬁﬁ
(EBAE :
s

| |
| |
| |
| |
i i
| - . |
L wm SHE S 2 ERiRER |
O i, € ! > |
| c )Xﬂ F 5k R |
[ = B T

i & :Pﬁﬁ

! B Rk g : !
I > i T \
| v Jann iiin |
| g — Gl i
|l [ SHHS |
| = | f |
L __—T f___JL____J __________ :

KK T R A%

B2 HiEBAZSSEARKSTRERER"
1.2.2 KHBEBR AT RIEARTHRILE FHF 28 SRR AR 7 B, ) R 3R 23 ARGk AT
R FHBEHR A 28 WA TR BB 3 e BRARG WP TR TR . R8T 2
N CKFHBEBCR IR A i B R R TR R GE, PR TR RGUE KT, SR T

Z DR KB e d 2 4%

v

5

P i

AL

B3 KEGRAZSEARBESTRERZR™



.10 - o B

FrRFR(AARAFR)

% 38 %

1.2.3 ASMREBR A = RIREARTHRIRE
LLANARIR G 28 IR T AR I ER AN 5] 4 TR R

P T PHIR L0 OM IR 2 S5 e A 18] W A S 21 P 2R ok

AHBEEYPR R, YRR ZL SN2 IR T E T

PR H KPR BT I R AR TR R G
S LA AR s S A E PR R K O, S
i

SuRAR /Y YO
\
THREN
2

Tt
| 2
e
%
AFER a
R
><.| A
<t

Yy
il
Bl

T4l

B4 OHMMEBREESIERARBATREEE"

2

H}

SIFEHRFREBEARFR

21 ZRREHRRTRIGEEMAINL

25 SR AT T MR R R il D 2 RO B T AT
(45 e 22— | A P — B0 60 (A 44 A5 1 AR T 34
[l A P B AR A SR TR R RS R
TR R T 2 R, AR TR PERE 5 B I
BEAG 6, PRI IR FE B AR 2 S B0V A B 7 ) R
TR T AR E AR R AR R 1A A T FER RS T
Ui D V8 B ] B AR S AR RO R AT
B o Heo S5V 5R FHT #84 f) 8 VR M S 4 AR 1) i v %
(FTSC) FUBUIE AK 325 V8 5 (DESC) 11 78 48 SR A ZE 1)
T A RE X TN ZEHE (FT) AL ¥ 45 (SC) A G F4: g
P, 4 R R ], 5 SCHEIAAH EL , FT . FTSC #1 DESC
PEFRGE 743 9 F- 25 5 14.49% . 6.0% 1 3.8% , {H &
HAEA LT A P E S 4L (COP) AEH 41l . Guoyuan
SEUTURIE 5 AT P 5 B 2 Il R R R R X A
SURARTE R RE A B R, 45 SR T B R X PR M g

(M DTRRAN AT 200, ZE R S5 4510 T L A/ cop
2 Al LI/ 20% . Underwood 25184 FH 2% fb
BLG G B R 45 K HEAT [ FLRIF I, 25 SRR W] %A Y
AT DLUHE S 1 SR A PR PR RE S, T AE R i R 4
ZIR AT AR o A SR ISR 2o Xt AR A A
BRI 5 A, W T RE RS AE , SR T T
S A\ O T BAR T B T3, BT 3 B T A0 it B X AR 7 i
SN A RO BB AR T A4 7= i B FE R . 4L
TZ MW EREE P E T K 1 T s RS iR E
MR AS . BET S NI K, S5 A, 7= A
HET 2 N SR AL LU SRR FE F X 38, L ol
Pk B AN TR BT 2R, X R ] 44 2R 1 ok
SR FH A B 25, 10 A HH O 1) 34 A 45 0 Ak iU
SR A S UL N KU S ] 9 B ) PR
THRIRE &, W TE LT 28 N PRl TR R R
DRI (0 250 45 R 3R 6 = 9 I Rk B T B AR
5], S5 3015 38 4 P9 TR U 30 43 A1 AR T g B SR 4
JCH 2R T 58 1 45 0 O Ak B B B R O 58 R i



% 34 Bl EER RAR,F RARKRTREAAERRE TR LA REZ <11 -

S, Sk MG AR FLUENT f B A PEXT 2 )2
iy 2T PR AL ERASE , P s ) A T 3 X 1 XL
AP N BRI T TR SE , 15 2 14 £
5592 BR RGH S5 (975 B ECE SR T X LG, B LS
BHE K 17% , HLIRGH 14 25 556 52 56 8008 th A — 72 11
LR RS R WY, SR 07 LR AL 52 90 45 3 1 Kl vl
DANE FH B SE PR T2 i i s b . BT 2
R SRR D T Pkl 22 R R BOO BT R T 4 AL
AR AR 1 A A ) A R v TR AR R TS
[ SMIRTE AR o
22 BFEMRTFRIZH RFEHWFHR

23 SR AR H RT3 A T 1 0 T AR
TR G5 R IT X P TF B 5 i X 3 2%,
(14 PID 42 il X A3 T ik R e R, HAR Y TR
SRFFA TR I 2l 7 B R ) R G IR ME | 2 3 s R R
TR RGARTHI T RER L 2 AR BHAR 5 2 e B
AT A T (A6 3 5 O A T R Gl A7 40 2
IV ORI 520 b, 25 SRRl AR AR R R
N AL 025 A/ 4t A2 R T 045 i A8 40 4
AT 2 R, S BRI AR . 7EVBE R A0 B 1
RN MR HOE TR G RBP4
BT ], BRAC T B R P Y REAE . AR B
BEES WD TR A A, TR IR R T R
T K B BT ) R 5, B0 T
SEAR LR i, HLSC I A5 R WY 58 o X e 45 B
G P AL 1 280 5 A, (0 A T4l A2 i A T
T RERE 2 ARk, B b i P B AT AR 25 1 )
M, GRAERES SRS TR R T &%
SERGRE TIPS ERE RIS RS K &
R SR A 5F R — R T A AL AN AR AL A7
Bl AT LR R R R B TR AL A SR 6
BRI AT ] B T4 55 2 A TARRAS . BS54
X E T I S O £ T4 BB A R 2 SUHR IS
(1 1] R0, SR FH AT 2K 2 0 o SR A SO R A0 94 572 % A
TR R G TS RIS X LY, R FH 2 9 R KRR

R AR 1 2R GERCR i TR G LR B AL e, H.
ZHRPRETIRRGREI A LR 30% LI b GEiE
ARAFE TR A Climatix 1 5 48 22 10 ML 5
M2 — AR BE P R S, T2 20 HE UK
TR Z PR SR HE T RIS B
PEMIRE Y o 2 PRI AR R P O 0F 2 5 0T R
KM s T PR R i R B ML AL , B I+ i
FE R AN LB REREVA FE , i 2R 130 th T 3B
SFEBYHEA R, RN R B 2R TR R GA R T
JO7 A MR A A4 A ISR B R g v T
2 TURFRTE AR N
23 EREARTHEIZSHMN

PR ARITE TRV R R rh RS G
Yy J2 I8 B2 LI R Sk 38 A R S 45 4 23 5 i )
TRRRIBOR X T AN PP R, 254 I R X
AT R ROCR 52 R B B RS AR [] 2 X ok B A
WFFE T /N Tl Fe v 22 JR PR R XUk | 5 38 AL e
XF 8 TRl i i TR, A Y
A2 JZBH 3 55 A2 T2 J5HE R0 25 s AU £ O R i 2 DA K
AR ZEAE T /INZ (TR il 26 X R A
THRBA VORI AL o SRS B AED O B
FURPDREG IR T2, Bt T — % AR B &
PEH R GE, LU A9 EUEA O X LRG0 B AR T
H Al FEE XL TR R X Al B R B Y
S A TR DR AR TR TS s A
SESHRL R I TEN G, 25 AR D7 T RS R
KB HL TR R IR e 15 R A5 i OGB4
WFFE T HRIRLEE (TR FOK B RIUG 75 7K 3R 3P A
FORE BN, G5 TE S TR T A28 £
S-S5 o 7Y 21 AR e O S Sy A 5 SR A 0
PO, B € 152 0 PG 2046 S Y e g R MR
R E T LR A TR S Miller 574k
FH TR I 1 7 1 X B 3l i R IR R 2 IR &
Ao BRI S, 7 DA T BR A 3 0 22 RS
IMFABRIELEAK AT Py B A YT BRI S AR



B4R (B A FR)

% 38 A

<12 - g
HY T2k 4378 J ik PR S BUIR B LS -2 T IR 1Y
PAFE. Kelly 5500 TR IRAA Y HERE , T &

TR ARG TR A [ U B | 3 AR X RE

ZH(COP) BT, 5 R LW] , AR SR AEXHERES B
(COP) AT MY . PA IR T TR
YA BUEOR , BTl B 1 RER R, £ 5 4 5
EARBR Y & R BRLE TR R 20 Th A 4 R AP
RS o H H R A 5T R AR A B, A R
07 488 = AR AR GUE RE LAGE L7 4% = i T3R5,
PE— P B T AR RERE , &7 KM TR AL

3 BRATHREAR

3.1 Wik SEREARKES THREA

Tlipt 25 PR IRAER A T4 T 243y R B S
BT 2Fh HRIET R L 3 o BN R — Wk
ANTR] 5 7K B B AT T4 s A A T R 2 ) )
HEFT A, A Pt ] Bef 32 48, o P 3 K 434 2 )
Sangdao JF T T — PRI A IR TR R 45
VAREAS Jy o BHIEAT TR 5286, 5 AR IS 1 T 1R
R[5 61.5%. Sharma %53 T —Fhistik
X TR, LLGRIE R MR BEAT TR S0 50, 25 R 3%
B, YR TRk 40 W, KUGECH 1.0 m/s B R T
PR BT AT, TR AR BEAE LU AR, R Em el & W]
T TP AR S TR R G R IR B A
B T TR X, 28 AR S o TR S T
M, 38 2o AR A 0 AU SE TR XN Y 7K
53, 38 3k AT 2 AR 22 A ] 5 (programmable logical
controller, PLC) X #5548 (IS A% 226 & HEAT 40 T
P R AR TR TR AT e . B AR
BRI T — Al N R ) BAH — Bl TR A T
UicEﬁ%%ﬁ*ﬂrLﬁ?ﬁéi%,ﬁﬁmﬁﬁﬁﬂ
B =G A T M B #% rh i B AR 2 8, i
AL R RO RERZE A TR T2 S % Ra-
poni 55 iz F TR ML AN 58 X — & AL 58 0 €5 1 T
Pe PP R R S N R A I AR, A

SER I, AR T AR 2 A T B 38 1 18 o o A
P, JF B S BRI E , SO - TR LA T
O K ALBE T7 o 20 080 — A T H 5 1 3 0 e
B H TR DR T JF B B — 3 TR A
27 W AE SR R R B AR O T B Ha% T
TEAEAE— SRR AN I 8RR AR L L 3 53
A AN 5) 45 B BT R R AR AR R ALY
TGO TR, BB R AR R E AR F TS [R] 5 7K 8 X3
IF X TRECRA & AR B2, I, A PRIEY)
A 08 i BT, A 0 A S B AR 1 T R R TR A AR
W TR R TP T A S8
32 XKPREE S =SREARBEETREAR
K BHAEHE A T AR IR 2L

P TR FHAAGE I A DB X, BT d) 43y B
4 CRE & 20328, ERFHARER G Tt e v,
B0 Al ke G Sl Bl ke ) R XUAE L L RE
b FRESE AR L A B ) T rh AT g
[] 0 () LRUAR R Dai 59 R T RE A1 Ry 52
A RET LG R BH Al B A T4 5 B — A T 4
(22 5, SEgR 5 SRR T, SR F K P Bl Bh #4272
W I S5 (R T FE AN UL AN 25 4 b g, R
A AR — T L b S SR AR R IF T IR A
WS ARHEAS ) 15 XU 0 32 47 A2 R 7 A 7 14 25
SRR I R I A RO S R TR L
OIHT KT B B ) R N DL SRAIE . IR 5
R AR 2 A AR AE BT ik Tt T —
AR AR o ARAGHESF BT T — b ALK BH AE -

PRI TR 8 2 B A T LUSUR IR IR 15
T B8 HE S ha UK AR R A
i, NEBHLIE A M RB AR AR B IR RL . SE T R Y
BTS00, X2k B I PERE N L% 48, B 7E M IF

J T RE PR O 0B A T R U A 4R SR B . Naemsai
SO K B BE - AR G TR R RE TR T SE I
I, LABRUE S TR Rh AT S5 30, 45 R R, 4%
K BH RE A 1 4 7 5K b B — B T LS TR



% 34 Bl EER RAR,F RARKRTREAAERRE TR LA REZ <13 -

ST ERERE . SRS E R T —FP KB RE- A
BB T EE R G, IR X K BH AR 5 ARSI G T
J 22 GEAE A B[R] — WURL I B TR S 8RB RE (451
HEATXE LRI AR I, 25 R SR BT R A T 0 XU
REAE 7 I OE T 80— R BHAE T 1 R . K FH B -4
MR TR e B P Re R vl 5, K PHARE R %
AT RE S IR . HR AR AR S PO $2 it
PR LB 2R 201, PERES L (COP) ik 3.5, KIH
RE T2 A B A B 6 50 7 A SR A H L 9K
M RAEA 2 HHESE e T JF Bz
AR T RS — O TR B IR % AN i
FLE A A B MR TR TR, 4
Je R FE AR AN TRk 0 T P 35 T A 33 1 K
FHBE TR HOR , 7E6 2 2R T TS AT BERER
A BT HRECR
33 IMRR S E R IEARBEE TREA

LU B 5 WO B R B, 3w T
R W, LA ELA 0 A BN o T A1 AR T 4
Gy RIELTAN R AN DL AN 3R R H A i 41 Ak
FERET G0 R B R Tz, AL A RS o i
TERRE AR RL A RIS T L 2RI EE
KT o FEMCE AR b BB ORS8O 1)
SIGHOT MR 2 AT HOR it
ZLAMT MR AT A B R K AR AT I, kLN Ah 2 B
), Be A RACRE G PR TRLIE 25 2o SR TIT BUE kL S WL A
AR . R LI 2T AN AR A S R
IR ST = SR I T AR AR Il
FETF 2535 400 CA RE A ST LLAMRIR ST LR, X Tl s
TR A AEAR R AR BE b SRR AR TR A0R WA BUE Y
FH T8 0 BT AR AN R SE I SR R A X AL
HMRIRIR A 7S SR TR I T IF9E, A2
FIE R BFSE R B, 280 25 2R R, 78 60 CHT400 W
CLAMR IR B TR T T RBOR I T 8 — 3
B, H TR TR, SR/ANE X Z AR DR T
C ANl B AR TR X 1L 2 1 5 BEAT T RS, A5

T, LA T A L2 K o R BORR R
A g A X — AR PR X B TR T R T
9T eI B s AT RS R T R A L 20 4b
PFAT A RS R O ISR TR A 5 4L
HMATRAE B IR 63X 2 P25 30 ) AR AT AR A
PR —FA R R 2T 81 R — XL 3 o 5 200 A S T 44
AR TR S HGIEATXT AT g A R e %
h R -LL AP GEIR G TR T  B SR AE AAK
o 2278 FUAEIN B Rk 55 SR T XU HINIZE 21 A/ 5
T T 2R EAT T X U 10 3 A 46 £
Pk S A AL L T RSB TR A o a0 3 o X
P B R £ AP AR TR A O T B RKE Y T
RPE Bl )2 KT BT AT AR ST, B AR AR IR K
M EAE TR L2 SR LM - RS T
B ARIRAESTE  Xu SEPBESE T AT (HAD) |
2T AN RIE IR A T4 (IR-HAD) A B TR-HAD Fl
HAD JIii ¢ (IR-HAD+HAD) X 25 46 /MWL 0546 R
SRFIE (B 2840 G W NGO S5 AL S e . 25 R SR
W, 73k 3 R 05 5 H  TR-HAD 7E P& IR BEFE 2L
ST A KA K S A T A LSOV 2 AL T T
B EALHY, T IR-HAD+HAD 75 10 ] 251 (5,725 5 7 T
RORTEAE . ZDAM AR - TR AR 7E FAXL 2
R Z I 3 5 (0 )k A 2 2 s 3 ok s 2 K
B IS YPELK 3BT 58 SUDRE T4 G T AL L, DA
171345 R TR] , 3 ELAR 43 2238 21 A R R T 1 1
BE A RO bt A TS g e . AR
X i B TR R A T P IR T AR T A BT A
AN ik BEAEAT S N . ET AN EATR T 95 14 D 2 )
W W £ 51 e kD4 A% AL g BAGhE , 2 1T s K 43 B
L AR T LA IR 2 3% e ) # 5 , HE Y
32 B R, AGE T T 1 2 50 R AR A E R kL

4 BES5RE

T AETE AT UL BEIRH 9% 5 i HE L
5 BT A7 AR B 45 R PR IR AR TH A 28 o MR B



14 g

FrRFR(AARAFR)

% 38 %

AT, AR AR EOR K45 6 AR AT, O
ANALRERS T K k) DR T, 30 ] 32 T kL il 5
[a] if e 2T RE AR 75 Qe E LS. JFHL,
PR TR EORAE T S ARk B 2 US T 08 H Y
KR 2 A A LR B RE R L L™ AR
BRG] AR E R W B IE 2 R B
BB RS T B HA RS R . LA
TR AR TR ROR AR 1 K SRS R R

1) T3 45 i B S bl SR 9 BRI A TR 2
SRR FEI S8 HBUE o AT 2 B A A5 O i 5 T i
T2 G HIR ARSI TAE . BRI & TR A
] BRI T 2R R 2y KRR
HFEZNAFRM TR B R
R 55 A 4 T T AR LA BT R B B R B R
DB RASZHRIFTF & B XA R R 2R PR % B
Fr YIRS TR IT 2, LU S SO0 PR J4 i 7 ik
FrRE Al RS AL 4 B, 2 5 03 2 & 25 W BHE
TR 2E TR

20 BT LA BRI AT D A0 S ) Bl IR
B TR PR A %R R IR R R AR R
Hh, A AN TR] 5 KBRS S R A BB A T Y H
bR o A ECBE PRHE RO 1E 45 X I 00T /Y
TR 2 BB R HOA AR A O G LU,
LI oA 30 A il 7 Hh 32 G MR R IR i R e A T
MR, TSR B R B ML AR 2 SR E T AR R A
Hh A28l DR R I S B 8 2K e A8, DD S AR RS Bt

S5 3k -

T e DL TR B 2 40

3) D)5 HALSE Hu s AL MR 105 BAR R A H5
AR, 8O0 T 52 PR TR RIS B 41 R 58
B, T HRBIE R AR S A T 7 i L
L i 55 32 2 22 4 BE 1) £ 1B BE IR BE A5 18 i 4 T 3
TR R ARAS S BT 170 552 £ i DR BIF-01 37 28 4
fr, BUSE AR LR , A A 2 T 3 YR L A S
JIZ 55 45 H A itk 2% BE 0% 52 P 22 TG BHL AT #b JC 48 X 4%
B E Sl A -5 W T R AR SC A A 26 Al , 724
ARFR A BRI SR | 22 42 A 7 b v LA RIR 55 i 7 A
Z AT ET T R TTREZ B 2 W9 52 a3, i it
A HE BTV AEBOR R T S BUARAE HEAE  TE R 55
I TR R 2 3R T, 407 (3 5 A7 Ml B ARG A
JRIE 153854 01

4) T HR A i L s A 14 S T GO A FE
S S8 A IR B A HOR KR T IO A B A AR
ZRH o AR Al 5 R = 1) IR
FHIFER R 55 E B H A RE T I ROIREE ] T2
HREAF L 25K | REAZ 325 A [R] 3t X S B il FH RS i HL
S8 AT B S IR B OR JL  R B i T R A
FLIASAF FATIE A ) HE AL RE & T A, 238 i DR
BRSPS REE RS F i
PAAC RO AR, B B2 ol | 2 SR E FRAE B AL AL
Bk A JR R 1B AL, g Al A U ) ]
ey TR R RS R SR B

[1] Rt A B R B R T 2023 FARR 7~ T 4369 2% [EB/OL].(2023-12-11) [ 2024-02-04 ] . https : //www.stats.gov.

en/sj/zxfh/202312/120231211_1945417 .html.

[2] ZEM, ARG, EH. KR TFBRARGEAfRLIET]. REIRS,2014,31(4):184.

[3] Faxh MM AL¥F, 5 AP RRETRELEAMTER]] b RAH,2024,32(2):171-177.
(4] EZRE,ZRT,ANAEF. PAHMFRARE ELEARIK[T]. KL 24253k ,2024,40(2) : 1-28.
[5]

251:111-365.

CHESSER M, LYONS P, O’REILLY P, et al. Air source heat pump in—situ performance[]]. Energy and Buildings, 2021,

[6] SONG M, DENG S, DANG C, et al. Review on improvement for air source heat pump units during frosting and defrosting [J].



% 34 Bl EER RAR,F RARKRTREAAERRE TR LA REZ <15 -

(7]

(8]

[11]

[12]

[13]

Applied Energy,2018,211:1150-1170.
MER,RFAMER,F AL TRENEAXNAR Z LN ITFRBXEH L], ARk X 5 5 4R,2022,45(6) : 1286
1294.

TAHERI S, BRODIE G, GUPTA D. Microwave fluidised bed drying of red lentil seeds: drying kinetics and reduction of
botrytis grey mold pathogen[ J]. Food and Bioproducts Processing, 2020, 119:390-401.

CHANDRASEKARAN S, RAMANATHAN S, BASAK T. Microwave food processing—a review [J]. Food research interna-
tional ,2013,52(1) :243-261.

MANICKAVASAGAN A, JAYAS D S, WHITE N D G. Non-uniformity of surface temperatures of grain after microwave treat-
ment in an industrial microwave dryer[ ] ]. Drying Technology ,2006,24(12) : 1559-1567.

CHONG C H, FIGIEL A, LAW C L, et al. Combined drying of apple cubes by using of heat pump, vacuum-microwave, and
intermittent techniques[J ]. Food and Bioprocess Technology,2014,7:975-989.

SINGH A, SARKAR J, SAHOO R R. Experimentation on solar-assisted heat pump dryer: thermodynamic, economic and exer-
goeconomic assessments[ J ]. Solar Energy,2020,208 : 150-159.

CHUA K J, CHOU S K, HO J C, et al. Heat pump drying: recent developments and future trends [J]. Drying Technology,
2002,20(8):1579-1610.

AKTAS M, KHANLARI A, AMINI A, et al. Performance analysis of heat pump and infrared—heat pump drying of grated carrot
using energy—exergy methodology[ J]. Energy Conversion and Management, 2017, 132:327-338.

WU Y, WANG W, SUN Y, et al. Development of evaluation indexes for assessing the regional operating performances of air
source heat pump (ASHP) units operated in different climate regions based on the equivalent temperature drop method[J]. En-
ergy and Buildings,2021,247:111-111.

HEO J, JEONG M W, BAEK C, et al. Comparison of the heating performance of air-source heat pumps using various types of
refrigerant injection[ J . International Journal of Refrigeration,2011,34(2) :444-453.

GUOYUAN M, QINHU C, YI J. Experimental investigation of air-source heat pump for cold regions[J]. International Journal
of Refrigeration,2003,26(1):12-18.

UNDERWOOD C P, ROYAPOOR M, STURM B. Parametric modelling of domestic air-source heat pumps [J]. Energy and
Buildings,2017,139:578-589.

FE 2 FARARIMAIE T IR GBS [D]. 8% %A X 52,2019.

R, R, FBH,F ARTRAAGZE AR MEXFFR(AAMFEE T8MK),2022,35(4) :453-
458+498.

RS &, RS, R A R T A K TR 8 SRR B A R @ Rk 5 o A g BE R R BR [T ] P B R AL AR
2019,40(2):81-88.

FNRT SR TR S50, SR T AR R 69 3 R A RO TR & 4t [T, % 4k, 2024,43(5) :98-102.

R BHAERRZGH RS 4 Kot (D] &R &R 3@ K 52,2024,

Frak, L6148, R, F AR TR ZRIUATEIR GG T AT 5 A1 52 [ ], R LA 5 4 ,2003(6) : 84-86+95.

Rk b, Bk AR, LKA R - RN A T R[] ], Rk T42 5 4R,2008,24(12) :226-229.

RAA AW, Bk RARRFARCTRNEERESL v 2 4084 [J]. i8Rk X 5 54k, 2022,44
(1):205-211.

AR, EHREFE,F B RXEARABBARELE TR ARG E ZA[J]. P ERL X ¥ FH,2018,23(4)



16 - G FRFR(HRFF ) % 38 &
114-119.
[28] FweA&,H12-F . & T Climatix F & 892 LR AR TIRALA L BT £ —HAH k425 2 [1]. 44 5 =98 ,2020,2006) :

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]
[49]

15-19+52.
FER,RFE, RAR,F BAXLRTBRAGHH[]]. PR T25 f 3h1,2014(2) :87-88.

BRI IR AR BT D R TR T L AR5 AT[]]. 6 T3 R F 4R, 2000(4) : 1-5.

SRS E, LU, AR AR A RAR G TR G B TR R TEATRL)] KB R RAAR,2019,37(6) :51-54.
WA, B S, O RR TR L E RSO R RS ral)] F B AR FIR,2021,36(9) :36-41.

IF HE,ERM. GLRLHRRE TR LY HPLC LB #AF 5% ()], #ris T & K 3 53R, 2018,46(1) :
106-109.

MULLER A, NUNES M T, MALDANER V, et al. Rice drying, storage and processing: effects of post—harvest operations on
grain quality[J]. Rice Science,2022,29(1) : 16-30.

KELLY N J, COCKROFT J. Analysis of retrofit air source heat pump performance: results from detailed simulations and com-
parison to field trial data[J]. Energy and Buildings,2011,43(1):239-245.

ZIELINSKA M, ZAPOTOCZNY P, ALVES-FILHO O, et al. A multi-stage combined heat pump and microwave vacuum dry-
ing of green peas[ J]. Journal of Food Engineering,2013,115(3) :347-356.

SANGDAO C, SONGSERMPONG S, KRAIRIKSH M. A continuous fluidized bed microwave paddy drying system using appli-
cators with perpendicular slots on a concentric cylindrical cavity[J]. Drying Technology,2010,29(1) :35-46.

SHARMA G P, PRASAD S. Optimization of process parameters for microwave drying of garlic cloves[J]. Journal of Food Engi-
neering,2006,75(4) : 441-446.

RIBYU. R E T R R Gt AR 5983 (D] 9 R T X 4,2018.

BUEA R ER, ZMR,F AR -BORES L ZARTIRE G T LML) ] R TA2 53R ,2017,33(1) :262-270.
RAPONI F, MOSCETTI R, MONARCA D, et al. Monitoring and optimization of the process of drying fruits and vegetables us-
ing computer vision: a review[ J]. Sustainability,2017,9(11) :20-29.

WANG Y, QUAN Z, ZHAO Y, et al. Performance and optimization of a novel solar-air source heat pump building energy sup-
ply system with energy storage[ J]. Applied Energy,2022,324:119706.

DAI Y, DENG K. Modeling and optimization of solar-assisted heat pump drying of pumpkin slice [J]. British Food Journal ,
2021,123(12):4383-4401.

MAJID Z A A, OTHMAN M Y, RUSLAN M H, et al. Multifunctional solar thermal collector for heat pump application [ C ]/
World Scientific and Engineering Academy : Proceeding of the 3rd WSEAS international conference on renewable energy sources
(RES‘09). Athens: WSEAS Press,2009: 342-346.

B R, dEAR KRR, AP LR SRS B R R AR SRR AL AT T[] ] K A AR F4R,2016,37(10):2554-2561.
R, ZRE, 2%, F RKER-ARKSRE R AFETFREBRAR[T]. KM $4R,2020,41(11):149-155.
NAEMSAI T, JAREANJIT J, THONGKAEW K. Experimental investigation of solar-assisted heat pump dryer with heat recov-
ery for the drying of chili peppers[J]. Journal of Food Process Engineering,2019,42(6) :e13193.

R AN HER,F . RIS WA R AR AETIRE P[], Rtk X553 ,2014,42(12) : 141-144.
IRA, 7R GZRLITFIRBER LI ] IR ,2024(5) : 88-90.

(F#F347)



