Vol. 7 No. 1
February, 2026

I RS
2026 4F 2 A

B RE AL Al 2 F < i O 98 30)

Journal of Intelligent Agricultural Mechanization

DOI: 10.12398/}.issn.2096-7217.2026.01.010

CHAXRRTRARDEEERFERBHAR

PR, R, RN, xIWS, RRY, Ea

(1. PEPERR T AR 2EHUAE T RE =B, BEPE I, 7230015 2. BEVE4E Tl [ sh ik & 25 S0 86 25, e g i b,
723001; 3. P38 KAARE IR 5 ol o TR 4B, BEVE PE 42, 710049
4. BRVEHE T K2R B AT A e, B VE I, 723001)

TR B A ST T M AR ST REIRURI T 300, T M8 B 5 g XU R 42 L 09 5 28 A W A 458 TR L, AF 7 488 1R 5 AT [ A ) 8 BE Ak
METBRAG, MAFEER T REMZE IR T REH R i d R G0 T R 5 88 B T, @ MATLAB/
Simulink 4 2 T $EREIR PRI T % 2 ORI R PE R A i 4 B 2 /R Dol B e PR R AL JE T g i s 4, LAY
A 5 R A A A O 2SR A S 2 R PR N R R 5 i, S AKX L Y R RE AL S A AR . O LA
R GRG0 RE R  IX A A ALK/ UL B SR o 2 SR AR W] L S IR N 15 "CHE I 2 35 °C
TR A ORI 2 Th s, O 2 5 R GE i A T AR, TR/ 37 RULE A 72 3 8 T /N 28 6+ 45 PR IS AR 6F I 32 I 8006 i 22
4096 I, 75 785 77 V0 4 T 18 O, [ XU G 22 [0 R/ KU L K 62 4 8 48 R 28 72 35 TR U AN 1 m /s 32 71 2 3 m/s, X9
e PR AL Tl 7N E A R A R/ KL N 525 (] 2 38 SR OF R 7230 F FL A R AT AL, R 0T R AR TRTXL /B X
L5 R s KU T 0 39 DR 1 XL/ R LG A ) T A XU N e AT B PR 5 AR 7 K 0 28 K . WA R AT RAIEROR T
158 2% ST AR TR YRR T A 14 [ A 20 45 JXU T oo O AP 0 DA s o 00 4, R AR T R AR e R RE AL 4R BB ANHR S8

SC 8 IR) AR T MR 5 TRV T AT 5 R R A 5 XU 5 7 R [ R

HESES S24 X ERARIRAD : A XEHS :2096-7217 (2026) 01-0096-09

HR /A o, R Ak, XUME, AR, R L LR IR TR AR S TR B RE TR SR S [T ] BB AR AR R A A i (v
W), 2026, 7(1): 96— 104

LANG Shaohua, FENG Rong, CAO Ganglin, LIU Ye, HOU Gang, CUI Hong. Research on air volume ratio control
strategy of heat pump drying system with regenerator [ J]. Journal of Intelligent Agricultural Mechanization, 2026, 7(1) :
96— 104

S B T R 2 R A T MR AR A AR R R A R
{5 R R GRS R U Rl A TR AR Y
i oK

0 35l
F [ A E 7= il Fh B 7R R AR B R

il

WM TIREZELIH SR EEZRRZ
TR IR TS R R P R T
R 43 o 2023 4F 6 1, ARk A b R ER G [ Kk S
WO By g PIEGER L AR B IR AR ) e ) O T R
A 7™ b L B8 70 15 A DG BRI B B A R L
W 2 A R, B A 1R P B T R O 0 (e it T i
Jiti o BORASFHE) 1 BE | AL AR Y T i
SR B BT H R g fe gy m kR . s KR
I T AR R 23 AP i R i R AT T TC AR
BE R TR KA A T IR T

W kE B 9 . 2025-08-21 18 H ). 2025-10-30

H AT, B0 28 SO HOE TR B AR M5 C 4 s
TIRZ W RN . YOUSAF & 58 T 25 5 5% 3
T T T R OK R ) R, 45 R B X s R 5 R
J 0. 40, R G SMER (W IR %) Al MER (UK 43 it %
PR ) U KB L 43 9 1. 321 0. 796, WANG 45
PR T MBS SRR E TR RGP R %
YR XU R 63. 1 °C FHXTHE B 20. 2% B, F- 3
COP J3 3.58, V¥ B 1B HE#E LL iy 2. 282 kg/(kW+h) .
S B R P T R R R e A R AT T B
5. KANG SF"WHER T —Ff 2 68 T 1 56 & 1 55 6 R

REETH BTEA AT T kb5 & W (24JC023) s PEvE 4 H 4R BL 2% 3 4 30 B (2025JC-YBQN-575) ; I #40 Z& Bl 4 £ R 0F 58 11 Xl 5 B

(KJQN202303805) 5 B PG F] T K 4 AfF 58 4 BB 2 4 10 B (SLGYCX2521)

B—AEH B AR T 2000 4854 1 PO IR WL AF 5T AR IS O 1) R R TR R S F R . E-mail : 15702665005@163.com
P MAEAER o, B, 1987 A HR PN 1, W30z 0098 1) Ry A X RE VR &R G0 BT B A RE H R o E-mail: 18992660048@126.com



%1

R/ 45 B UHATE T 4 AR 400 00 0 2 ) B VR SR M BT 5 97

G0, BN TN AR A S Ul S ms pO B R, 25 R SR
B« O R VR A Ol 2. 7500~3.95% , M 22 7E 1.5 "C LU
N ,SMER } 2. 36~4. 27,

LR LTk, FAT SR e AR T MR AR G B A ) SR
77 T 28 U A D BE T R TR AR B 5T P AR A O
KT T A AR TR RS N RS R
PR R R BEE 1A o SR, A TR R X A R
PR 0 IR R AR R PO M A N . I AR SE
A — R R A [ RGO T R A, T [ XU/
JRCSE B T 2 3 o8 B 7 0, 4R Y A s R R [ KL/
JRU L 98 SRS o 2% SR WS T 41 g RE M) SR B R I A
H e A XU PAL R AR e T AR TR DR A L e
A AT 4 T 4 T AR S8 XU R RE A 5T RE ) AT 4
PERE

| HEERRBENARTRES

A ] AR Y BOR TR RGN 1R Z ARG E
BAFEPREIEH T RRE =S I T R G IR IR
Iy AR R AT JEATHL W BEAS (T AR AT I IRAL A

ki X [

SRR =
——
= —o— 1[4

1 FHROARNARTEREE

Figure 1 Diagram of a heat pump drying system with a

regenerator
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Figure 2 System calculation flowchart
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Figure 3 Changes in temperature and humidity of air at the
entrance and exit of the drying room
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Figure 4 Temperature variation of fresh air at the outlet of the

air recuperator
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Figure 5 Variation of moisture production rate
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Figure 6 Changes in the opening of return air and fresh air
dampers
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Figure 7 Changes in temperature and humidity of air at the

entrance and exit of the drying room
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Figure 9  Variation of moisture production rate
Il X555 XU T B2 A2 Al 00 an i 10 s o &
s AT IF IR G, Tl XTI E Bl 7 I 80 25 1) 1 0 i B AR
B AT B2 AH R 380, 7E B K N B B4 R AR R s TS
L ) N o A 15 - O N S 2 8 g E 5
T AR ] R BE 5030 KU B X g R A7 0, R
T 36 B U T B O 25 IS AT . IR B AR X B 4 ) oy
80% .70% .60% .50 % F140% W, Xf 7 1 [ K 5 351 K
TF BB 4 B R 61%: 39% . 64%: 36% . 67 % : 33% .
69% :31% FN71% :29% o 254 R W, N [RAH X B T
BT Bifi 5 A 6 B R AT, e AR XU LU DN 62 4 38 i
T 7:30 Bl 7 ARG O HE XA D 2 PR Ry T R X
2 B B A T B 5 e R K T R R R SR A
XV B BRI, Il R3S £
100

140
90r
130
N 0,
s ~- 80% —+-80% | <
i 80t - 70‘%(: -v-70% {Ep(
5 = 60% —4—60% 20 1
=X = 50% —-50% =x
= = 40% /S ¢ TEA0%
70F \ \ ’—-\_~3’9'/J,_ f/f f =
\*~_\~\—__«A—A——’ "L/A/ 10
N iV »
60} 0
0 1 5

2 3
) /h
E10 EIXRSHRETFEZRERL
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entrance and exit of the drying room

B RZ gk s 5 ] g 1 s T R AR A R o R
12 i 7% o O~1.5 h Bl 3 46 FH il Pt b 7, XU 43 5]
H1lm/s.1.5m/s.2m/s.2.5m/s.3 m/sif,H &t
25 A TR R B 4 0l AT G # 39 °C L 41 °C .42 °C
43 CHIA4 °Co 32 g T KU B, 7™ Vil 3
T2 A AR, HE KU EE AR AR 3 /N, BT D) HE I
55080 AR 23 A5 LIRS A o B i A A /DN

T 45 P 1 R A AN B 13 iR . 0~1.5h Iy,
T NIRRT 2 B SR AR B G 5, K 43 78 RNk
PR BE T XU R 3 m/s PR R i 2 b T AR BE
U, B R Ak 3 g/s, X I A 25 SR [] fe L KLGECl 1 om/s
W, PR RAY 1.2 g/s, 75 9 h A RE I8 B T T4 Ak R



102 el 2 B P IS0

2026 4

B 5 A 25 A K 0 > R R A T A A

0 ) 4 6 8 10
Bl /h
E12 HREL=SEAFHOBRETLER
Figure 12 Temperature variation of fresh air at the outlet of the

air recuperator

3.6r
3.0 —=— 1.0m/s
—o—1.5m/s

= —A—2.0m/s
W 241 —v—2.5m/s
20 ——3.0m/s
3 1.8
I
¥1or 4

0.6 j

0 P 1 6 g 10

4E¢|‘tﬂ/h
E13 FEERTHER
Figure 13 Variation of moisture production rate
[ JXL 558 AU 1] O BEAZ AR DL an 8] 14 B o &
GEIT s AT, (o] KT 2 i ™ 2 32 25 33 i g e 8%, 7 K
T JEE AR L8 A 5 R R B Be PR R AR RE 5 4R U Bl
7R R R U R

100 145
95} 140
90r 135

. 85f 130
N —— 1.0m/s —a— 1.0 m/s S
# 80r —o— 1.5m/s —e— 1.5 m/s 254X
B —— 20m/s —4—20m/s | K
= 75 —— 2.5m/s v 2.5m/s 120 X
= —— 3.0 m/s —— 3.0 m/s =

70} 3 {15
651 Jj 110
60 e e 15
55
0 4 6 100
B fil/h

E14 EIRSHRETFEZLFR
Figure 14 Changes in the opening of return air and fresh
air dampers

TTLLEH, S RE 581 m/s.1.5m/s. 2 m/s.
2.5m/s.3 m/sHf, %N RS KT BE L 4 gl o

60%:40% . 64%:36% .66%:34% .67% :33% .68% :
3200 SEAREW B T IXGE B3 O, B MU A
6: 4 B WL T 7.3 77 MR ARMOR IS i T KU £
1o, LS R ) P9 25 A R, HE XU BEAR /N B AT 52 B HE
AR, e X B R (] XU 2 R

4 s

AW T MATLAB/Simulink ¥ # 7 #4081
240 ] X5 T R R R A A DL A O TR
IS 7 N [ DRV < R 8 S O SR 1 7o (1

D 7EFRBE A XHRE 50% JKGE 2.5 m/s & ME T,
RS T ECR R IEA G, BN 15°CHE 35°C
i, PR A DR BERE 2 M 2 45 CHR T2 67 °C, 7= iR
R T, mUR/ AL R 73 Bk I T 604

2)TEFRBEIR FE 25°C XU 2.5 m/s B9 4 1F F , 3R 85
AF G 8 BE 5 e R) R OE A O o Y BR BT A X B A
806 K 2= 40 %6 B, 7 4 7™ 1 T 2 Jn bR, T 4 IXUAH X
JE B A AR EAE 1096 26 47 1Y i TR AR MR AR 25, B & oA 55 0
JEBEAG , e AR 1T XU/ KU K 62 4843 T 72 3

3)TEM B IR 25°C JBJE 50% &1 F , ik 5+
P R B IEA . KN 1 m/s#THE 3 m/s
B AU Sl B 5 X U e AR SR Ak, 7 R e
AT R/ BT AU LG DA 62 4 38 K I 43 F 7. 3, i WU T 3
JTE] R LY BE A% /D B G B i R SR R VR R R

4)XF F A [l 858 T 0 1R/ IR L 1) 20 25 R 4 T
INGEZS R @R TN BT S: by Wl s A= A
LR E AT ) 4 R XU P e R IR TR PR BT A O 4
WHRK A28 K 03X — FUHE R A TR AR R ™ b i T4 T2
e ARt T oAb 0

& % x

(1] T ffEsh A ok & R IR Mo o -« =& "k e gt i
— =R Aa E AR S R Z 5y 2 AR AR MR T].
HE A K, 2023(4): 33— 35.

[2] Al AH B, MR RBEE, WK, AREEE. T
B A T AR B A ol s e B ) (2023—2030 4F ) ) 14 38 0
[EB/OL]J. (2023—06—09)[2025—08—10]. https://www.
gov. cn/zhengce/zhengceku/202306/content_6887551. htm.

[3] A=se, Jd, M, % . J50m = RE STl iR
Sa S I —— LA IR B 5 LT ], R RE A Al 3 £ 2 4l
(fh¥30), 2023, 4(4): 49—56.

LI Liang, ZHOU Lei, HAO lJianhe, et al . Research on the
competitiveness of agricultural modernization under the
background of the 20th National Congress of the Communist
Party of China: Taking Nanjing, Jiangsu as an example [J].

Journal of Intelligent Agricultural Mechanization, 2023, 4



1

RE 45 5 s BF 5 103

[4]

[5]

[6]

(7]

(8]

—
©
[

[10]

[12]

[13]

# R/ 45 [ BGUIAE T M R G0 0 2
(4): 49—56.
SRR, PRERHE, BRSD, . XU F AR T AR PR TR

R DL BURS % e a H [T].
(23):12—16, 35.
ZHANG

Application status and development trend of heat pump

TR B2, 2023, 51

Yanlai, CHEN Peiji, CHEN Ju, et al.
drying technology for agricultural products under the dual
carbon target [J]. Anhui Agricultural Sciences, 2023, 51
(23): 12—16, 35.

TUNCKAL C.

kinetics of the closed, partially open, and open heat pump

Investigation of performance and drying
drying systems [J]. Journal of Food Process Engineering,
2020, 43(12) : e13566.
XIAO T Y, FENG R, ZHAO X, et al. Heating
performance, exergy, and economic analysis of a heat pump

drying system with an independent operating ability for

drying shiitake mushrooms [J]. Journal of Cleaner
Production, 2023, 426: 138982.
YAHYA M, FAHMI H, FUDHOLI A, et al.

Performance and economic analyses on solar-assisted heat
pump fluidised bed dryer integrated with biomass furnace for
rice drying [J]. Solar Energy, 2018, 174: 1058—1067.

3OS, WA, X%, % AR TR R R 5
mﬂ I B AR R A, 2024, 45(6) : 50— 55,
QIU Wenjie, LI Haoquan , LIU Jun, et al. Design of
intelligent control system for rice heat pump drier [J].
Modern Agricultural Equipment, 2024, 45(6): 50— 55.

BRAEE, 25—, WS, A R TR) TR Uy N s T R
P B SRR [T ], A" BT, 2024(20) = 26— 30.

ZHAO Yating, LI Yihan, GAO Hehao, et al. Effects of
different drying methods on drying characteristics and quality

of shiitake mushrooms [J]. Farm Products Processing, 2024

(20): 26— 30.
BORJR, o, B, S Ph R i ALK 3 Y P T4
Al RAERE (T H T, R P24, 2022, 43(1) .

101—108.
ZHAO Xingchen, FENG Rong, LI Xujie, et al. Heating
performance simulation of a heat pump drying system driven
by a gasoline generator [J]. Journal of Chinese Agricultural
Mechanization, 2022, 43(1): 101—108

YAN J, HAN W, WEI B, et al. Drying characteristics of
radish slices under heat

white pump-low-temperature

regenerative wheel collaborative drying [J]. Case Studies
in Thermal Engineering, 2025, 69: 105950.
YOUSAF K, LIU H L, GAO X, et al

environmental conditions on drying efficiency and heat

Influence of

pump performance in closed and open loop drying of paddy
[J]. Drying Technology, 2020, 38: 2217 —2230.

WANG D, CAO X, LI X, et al. Experimental

[18

[20

[21

[22

[23

investigation of a part air dehumidification cascade-like heat
pump drying [J].
Refrigeration, 2021, 131: 235—243.

] KANG C, ZHANG G, MU G, et al.
combined drying with phase change heat storage:

[J].

system International Journal of

Solar-heat pump

Multi-
energy self-adaptive control
2024, 230: 120867.

] A5, AR, RAEW, 5. W ER A e B
= P RERE ST [J]. i RERL % 5 H R, 2025, 14
(5): 1991—1999.

LI Yong, ZHAO Yufei, SONG Chunyu, et al.

on the performance of air source heat pump with quasi-

Renewable Energy,

Research

second-order compression coupled energy storage device
[J].
(5): 1991—1999.
] ONWUDE D 1,

Modelling of coupled heat and mass transfer for combined

Energy Storage Science and Technology, 2025, 14

HASHIM N, ABDAN K, et al
infrared and hot-air drying of sweet potato [J]. Journal of
Food Engineering, 2018, 228: 12— 24.
ABEDINI E, HAJEBZADEH H, MIRZAI M A, et al.
Modeling transport phenomena in the shrimp drying process
[J]. Solar Energy, 2022, 241: 396—403.
1SR R HE T R X AR X A BT A% 3 R B I S
HEHHEEID]. bt JEatlRi s, 2016.
WANG Wenyuan. Method and apparatus for determining

[

convective heat and mass transfer coefficient in the drying
and ventilation process of grain piles [D]. Beijing: Beijing
University of Posts and Telecommunications, 2016.

1 YU X L, ZIELINSKA M, JU H 'Y, et al.

relative humidity control strategy enhances energy and

Multistage

exergy efficiency of convective drying of carrot cubes [J].
International Journal of Heat and Mass Transfer, 2020,
149: 119231.

] TZEMPELIKOS D A, MITRAKOS D, VOUROS A P,
et al. Numerical modeling of heat and mass transfer during
convective drying of cylindrical quince slices [J]. Journal of
Food Engineering, 2015, 156: 10—21.

] AVERSA M, CURCIO S, CALABRO V,

analysis of the transport phenomena occurring during food

et al. An
drying process [J].
78: 922—932.

] IRt sE, FATG, NUHU Jibril, % . 4213089 T LA
EREWRAL SR I I/OL]. mg 5t Rl K24,
1—12[2025—07—20].

JING Shiliang, WANG Jiuyuan, NUHU Jibril, et al.

Journal of Food Engineering, 2007,

Optimization and research on fully closed heat pump system
[J].

University, 1—12[2025—07—20].
] EHT, W, AN, L

for grain dryer Journal of Nanjing Agricultural

i 2 SR AR XUT R R il 2



104 el 2 B P IS0 2026 4

KT A% AL R PR B0 T2 [T]. Rl TR 24 40, optimization of Camellia oleifera seeds after hot air drying
2024, 40(23): 332—341. and shelling of the fruits[J]. Transactions of the Chinese
HUANG Jianjiang, GUO Ziyang, LI Shengtao, et al. Society of Agricultural Engineering, 2024, 40 (23) :
Heat and mass transfer characteristics and drying process 332—341.

Research on air volume ratio control strategy of heat
pump drying system with regenerator

LANG Shaohua', FENG Rong" ?", CAO Ganglin™?, LIU Ye®,
HOU Gang*, CUI Hong" 2

(1. School of Mechanical Engineering, Shaanxi University of Technology, Hanzhong 723001, China; 2. Key
Laboratory of Industrial Automation of Shaanxi Province, Hanzhong 723001, China; 3. School of Energy and
Power Engineering, Xi'an Jiaotong University, Xi'an 710049, China; 4. School of Electrical Engineering, Shaanxi
University of Technology, Hanzhong 723001, China)

Abstract: In response to the problems of low energy utilization efficiency and the uncertain relationship between the drying rate
and air volume regulation in traditional heat pump drying systems, this study proposes an intelligent heat pump drying system
with a regenerator, which consists of a heat pump cycle subsystem and an air circulation subsystem. To enhance the drying rate
and energy utilization efficiency of the system, models for the heat pump cycle, moisture production of materials, air
temperature and humidity in the drying chamber, intelligent regulation of air volume ratio, and heat exchange in the air
regenerator were constructed using MATLAB/Simulink. Based on the principle of energy conservation and with the constraint
that the moisture production of materials is equal to the moisture removal rate, a method for regulating the air circulation
temperature and humidity was established to achieve intelligent dynamic regulation of the ratio of return air to fresh air. Taking
mushrooms as the drying object, the effects of temperature, humidity, and drying air velocity on drying characteristics and the
ratio of return air to fresh air were investigated. The results show that when the ambient temperature increased from 15 °C to
35 °C, the inlet temperature of the drying chamber also rose. To maintain the optimal drying efficiency of the system, the ratio
of return air to fresh air gradually decreased from 7:3 to 6:4. When the ambient relative humidity decreased from 80% to 40%;,
the moisture production rate of mushrooms gradually increased, the return air volume increased, and the ratio of return air to
fresh air gradually increased from 6:4 to 7:3. When the drying air velocity increased from 1 m/s to 3 m/s, the convective heat
transfer was enhanced, the moisture production rate of mushrooms accelerated, and the optimal ratio of return air to fresh air
increased synchronously from 5:5 and approaches 7:3. The comparison results show that reducing the ratio of return air to fresh
air under high-temperature conditions and increasing it under low-humidity and high-velocity conditions are beneficial to
maintaining a high-temperature and low-humidity environment in the air duct and promoting the evaporation of mushroom
moisture. The research results can ensure that the heat pump drying system improves energy utilization efficiency while
maintaining a high-temperature and low-humidity environment in the air duct to guarantee the optimal drying rate, providing
theoretical and technical support for the intelligence and application of the heat pump drying system.

Keywords: heat pump drying; temperature and humidity regulation; intelligent control; air volume ratio; moisture production

rate; regenerator
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