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1.1 FREEMREEX

N T REBSEICE 2 HOt, TR =0 Rous
B TR S BRI AL IR . TR S N SR T 22
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1.2 FIEREEERIZIT

T4 S R ) RS e AN IR ST RIR =
BERER RN, ATIEEIAL L, KRB
IR TR NS o TESEBRA =, TR = FRET
& A BT, DU AR S RO A K BH v BE A 1
VEMEARAS T, SER ARG, TR = it A B
NEEfmTE 6° B,

TR =B S AR L Sh i Bk S PR A A
PRALR) PC CRBKIREED M, B/ 6 mm, ZE)6% 89% LA
b, TEIRE-40~120 CHM KIS, 5w 6a
KA.

1.3 FIEREMEMmZIT
1.3.1 FRETHERELEH

JR T A7 5 M T Al 5 RO e RE . N T ek
PR Hb A H i i PC SRR THHEN TR =, JF B T8
TGN, TR IR TR A B R
1.3.2 FHEREEGMATHE

TEE =R WA S LK EER %, Lt
KBH AP AR

h =90° —(4-5,) @))
A h RS EES, (° ) ¢ AMBRERRE, (° ) T
HEE TR RN, HIRGEEN 24.54° 5 5 WA
KRG, ().

A NN TR EBEAEFE SR G, KHRSEM
8,=0°, W7 H oA 1R BH = BE AN 65.46°,

Tl = R A 4 TR S KPR e P

R =90°-Cy +h,) @))
Xy AEEAES, () B y=0°~10°, 7EZIEH P
H 6% S 2wy R I fa 9 15°~25° o

MRIE T E R, T 2 A B E N 200,
1.4 FIFEREBXRFEIT

PR R =08 A AR R P, 7E R = W AL P T
HWE 4 BRITFE, SEEAK23 m, & 14 m, dRHE
SRIBINR G V855 AR 3.2 m = AL B 51 2038 il
NEIE KRB BR A &1 ST35-11-3.15 B X0 [ {EG Mg 75 A
WML 1 &, H# A 2900 r/min, KE AN 4545 m’/h, 4
RSB ARG R K, FERUR KA.
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HEXMETENRGEEWE 1 s, TR
HeEARETEYET SRS, ST GRS N
T XTI T XA TS RUCHE bR, T2
AR RETER . WEET X TR E R EH T S SE
FRAasbr b a N Z BRI, BERBEREIER
Pl BRIR 5 A R RIE T B R, HUFEER, SgHEK
SRR A . B, IRIET BT SR TIX
RHEHH MW T RREG G —IHFEANZRAEX, 28N
PR RN G N E R TR SR, FRIEART
X, FINT—ANMEF. REFEHAEIA. HE B

ey XL KUBE . BRASS. KL, ALK
Hrb, AENALF 3G, BaVAB BRI KK
. BB M BAR AR BRI T
A, BARZEKDE 1. K 2. BRE 3 ZHRE
XA T X 2R FEN, AKX OREARRS 1. %
HEAy 2. VAR 3. W 2 Fron, BT IX SRR ONiE s PC
W, HAEHFETHRG, TEHC. AEE 359, FaE RN
N3ty KUBE SRR S 3% RIS R 55 X E
WA bR BT IEM R Ak, WA, T
A2 ROML R B 2B A 48 21 R T UL 9 8 0 3B XL
(1 6) MELRAHRI (1 &), REEXNEN
22 860 m’/h; JEZEHL Sy XS-50. ThE N 50 kW, 7%
K BRI X o E .

T“Iﬁ’%ﬁgﬁ‘

) N Drying medium

IR e
Three-stage e -

evaporation zon PN

P ust collector

Evaporator 1+ g THRA
Py &) Drying medium
Evaporator 2 > I B
BRI +— A e
Evaporator 3 .— Cold blas
BT X
BlE — - - Drying zone
C(I)g\(tiﬁg;éezr R 7/\\2&” @ ‘— o /ﬁ ﬁ,,ﬂ 1 &) j ﬁi#h@
Condenser 2 |Cooling | N | Prefeating
URAE3 s N bin 5 r%/ﬁgﬁ mn
Condenser 3 L i maae | N
SRAERK W[ Electrical = iR |1 R
Three-stage o | heater Discharge hol Material
condensing zone o entrance

T4/ Jii Drying medium

1 eXARTRNALRER
Fig.1 Schematic diagram of combined
heat pump dryer system

[EIPZ
Air return bin
VS e
RIEL g gl g sga g ERlET
Cold air inlet
R PO KGR
Discharge hole E}:gt 2'& O }:zt 2Irrt B
P P Material entrance
T N w I O I N B B I o
T Y ¥ Y O ¥ v O TY
[l JX 58
Air return bin

L (.
| l

g sIRin THRE T
Cooling bin Drying bin  Preheating bin

B2 MFREMTEA
Fig.2 Structural diagram of drying area

2.2 RARIEEMBEIER
2.2.1 ARG RS

#3 R % (Coefficient Of Performance, COP) J&i¥
W EHRE S 20

‘P dt

COP:Q%:LC (3)
/4 /4

})z‘ :macpa (7;{1_]-;!) (4)

b O WHR MGG, kW; W RREIHFED) R,



316 My TFESHR (http://www.tcsae.org)

2021 4
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3 MR5RE

3.1 REMRIEEE

BT R BT R AR RO 256 A S i i 2
b, MR AN, EUKE 85.3%~92.7%.

IR A J 2019 4E 3 H 25 H—4 H 25 H, RikHh
R ARER MR S 3R SRl S5 =

MEAX#s: HOBO i H 34X (3£E Onset
ONFE]D, KBHAD4R SHE A MP200( 3£ [ Apogee Instrument
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Color Flex Ez 45/0 &4 e ( Hig#m ERTA 5 F
BRA®]D , JYL-B060 SLBHAIEENL CFLFHBEA AR A D
DHG-9123A fHIRF AT RA () 448 e i 15 7 = L #0k
%)) , CNWB-3ZKP il 25 THRfE (il 72505
WA ABRAT) , STC H A I 2T Ah T8 % 4 (5 [E Memert
AFD , FD-1A-50 R E TN LI RAE AR
NFD .
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32,1 FRERE ALK FaESH AR 4 M T

BRG] B LGB 15 d, P8 TR = N S A A
B K- b 2 T BT B2 R B R S RE, DL TR = A AR
R, P R EAME IR, RNEEREE 1R,
e AR R T [B) 5 B 5 S vk P34
3.2.2  AARAFRAUHEEFSATAG M T

S AR SR 7R, KA ST T R
A% 5 mmx5 mmx5 mm FIEHES N T, ANH A AXHRENAN
B TG A SR ES T2 60 °C, HEFIX Py EAE
REEEW RS N THEETERE, HE MTHERESK
HA 3% FEANRE G, WTXANER. FERMNEE, #
o NT sl fEd, RIEEEM. FRN TS, 4
AU~ JE R A TC BRI, AR5 28 BT IR S shia %
NTs 400, JEEN 2R TR N, (L% B IF binis,
M PRIERE T X A& . B 8 RE6% 30 min X R4
R ZRBIERR— IR, DAORIE R KRB 708 -

0% 0.5 h fEHEHOEL 3 ANEES, BMFEREN
500 g, KEFESRE S GRS KE, ARYE B RS
IR RN T HERL R R, RFFHEIE 7K EIA 13%.
JEAENLII S HES D A B A IR AL A R AL R,
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SR ARRIX L A DX A3 RN B XU A A R
FEALIRES, HET XA L X DL H o A A
G B RCE A B R AL RS, B R E R
REE 1 REWE, FERBER/DMFICTE 1R, PRI
AMINTAM (2510 AEPFSIE .

FANE B AT E S FE RS AR, EE R
ARG VAT AR, DA (3) o (4) R IL
FEHA. TR E S RERE RGE—H WA F A
EXH B COP,

3.2.3 MIARINLAEILE Z % COP NE

RNEAETERE SHERG RABiTMRErS &
Btk BEE ST SRR RS, BITERE R
92000 kg, THEEE N 60°C. KGE N 2 m/s 414K, 4>
S E R H B (8:00—9:00) . H14F (12:00—13:00) .
T4 (18:00—19:00) f#] COP.

3.2.4 FRIBZELERARIEASZGATAT N FIREENZ

D TR S5REE RS HOHE N T SR

SHEEIIRETT, TR L R 8 AN X 48 o
B NTERSRAE R RIBARGRITTE, KEER
EHN2 000 kg i, ANHFEEEMBLS, HA S HLE
NT KRR, Bk, WRERARX &I, EXEEN
TR E, B2 50, 60 1 70 'C3 MEEKT, KRN
T RGE, 1. 2 13 m/s3 NIRRT, FRAFES 3
W, BRI T EHEKEE 13%LLF, 51+,
2) HAEY N FTEFR R 2
OWE M TaF: W10 ¢ THHE T, A6
A, SHEBHIEPISERP R T, T La*b*RE RN
ELHME a* (FUE NS, IEEANZE) , EENE 3
RECEME GBS MU FESEIE RO A, o EBGEIT) .
@K RAXISEESEP 53k, e K.
BL10 g THIE N TN 45 CHEIRZ&18/K T, % B 35 min
&, BUEE T BT 20 min, JFHWROKARRIKE T
KAy, FRIUEIKIG R . EKMERAEKE (%) 1R
frigks, HAAR (6 HEN
gk =1 % 100% (6)
m,
Ko my AEKIGHIRE, g5 my NEKITHRE, g
RNMETFHE M THAR C S8, RS EMY
ME SR, FIH JYL-B060 JUBH AL #EAS [F] 43 4544
THITHE N T & 500 g, FFUCRERE] 15s, A0
2 min, HHFp#E 2 K.
@R C S E: WYE GB6195—1986 (/KH . Hi3E
ik R CHREMEL) H2,6- ~AEemEN 2k,
@EFES R SHEHRESPI RN E SRS .
FEHAR RS MR 0.5 ¢ TR, M 100 mL Z&18/K
A2 mL 6 mol/L [¥) HCL ¥, 7t 96 ‘CHIZK¥aa /K
2h, AEJEHIIN 2 mL 6 mol/L ) NaOH &G T i J5
FZ5 /KB 2 200 mL, 73 BIFFIFE S o R 2.0 mL £§
MRS, SRJEIN 1.0 mL &340 6%1KE X% 5.0 mL
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98% IR AR, #2 A1 HI = E 30 min /5T 490 nm
Kl e B o A RN 5 BOBURE X R o DAAR v il 2R 1 H 5 A5
A LSRR =5, AR (1) 5.

y =" 00% ©

m,V,

R Y R R ESE, % n NIBEBRIFBREEG m,
SNkl 2 TS A R R, mgs my ARERK R, mg;
Vi NFREOR SARER, mL; Vs 9l 5E I BT EURE R F 4R
mL.

O NERSE: SHEHIESPIN 7k B
NEEE. BWMREHY M 3.0 g THEMAF, #1010
IR A 2 0 1 K MG, RS
30 min, £ 10 000 r/min 254 F B50» 10 min, JI3E )5 32
B2 W, ¥ BB AT, HRER. 2 miE kKN 440 nm
RO RE . LIRS RASE b (BER &) 7E 400 nm AL
SEERRHE PRSE, THE MRS P RS E
PAA (8) it

g = 20200547 (8)

m

o A NESEREE, VN EIEREAAR, mL, m AR
N E, go
3.2.5  REFH#EF Xeg mAit i

Dt bl A LI 8 5 S A P AR, A [
AR T A AT BRI E S TR 4
HAFIERAR M B AR TEEE AN T, YT EBREEKE
N 13%, DVAEPET S M T RFEmae CRANEN
0.79 Jo/(kW-h)) THEEL A

FRPEEA R~ E KRR R TR A B AR TR, #
TR ARPWARIG 2 E N : TR 70 °C, KUH 2.5 m/s;
T B IR R 5 TR 70 C, BT
¥ 76 kPa, WHIIZ 1.5 kW; ZLANTIRBOR 56 2614
e THEERE 70 °C, KIHE 2.0 m/sy TR 1125 W, T
B[] 50 min; B AGTIEBOR 50 5644 —20 C4A4F
TNAVRETR 120, RIEAERTE 10 kPa, HHEE-50 CH%
PR THRRESHERSE REMIRLZMN:
THREE 60 C . XIH 2 m/sy ZEFHE 2 000 kg
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4.1 FIREZERINKPRESEESEE

TR P AR 52 K PH R S R FAE ML T L s
TR = 7 SR BB g e, Wil 3a Br
N, AN KPR SR EEAE 231~733 W/m?” Ju A8 1k,
BERT ) 2 “AR—m— K" B, 5RMEAGHAE
b “T—k—m" AR = KPR S 5 T I
N 526 Wim?, EANPEIME N 625 W/m?., W& 3b ik,
FK (8:00—18:00) il = MR JEAE 38.5~24.3 Ciin
BIARAL, PR 304 °C, HLEAINREFYE 6.4 C;
W) TR = NI EAE 21.3~25.2 CYEE A, P
F% 304 °C, WEAMNREEYSE 4 °C, RS BARL
FIARIE R, HHEARN. XMER, AREHIRM

RS A TIRRESREE RENTAE DT RACR 317
TR AR
—=— %5 ¥ Greenhouse interior
000 —— it 4 4h Greenhouse extenior
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Fig.3 Solar radiation intensity and temperature inside and outside
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4.2.1 BERBETAFL

mE 4 s, BESEEHE % F%. F=%
FER BT IR 9 7.7, 9.8 °C, MIRIE 17.5°C, &
JEHH 33.1 CPEA 15.6 C; BERERE =, 5 0.
B RAERSIN IETE N 21,50 21.6 C, KiETH43.1 C,
EEH 162 CTTHN 593 C.

701

601

)% Temperature/ C
W - W

(=) (=) S

- - -

[5%3
=1
T

=1
T

(=}

! 1 1 . . L
FERM R FBREB AR AR AR
Evaporator 1Evaporator 2Evaporator 3Condenser 1 Condenser 2 Condenser 3

IR RB B
Heat pump drying stage

A4 BEERETAEL
Fig.4 Change of wet air temperature

4.2.2 BBAFRHEEGEF L

WIS, Wk 1 fn, B—REE=HHAR
RRIREST AN 2030 13.6 F1 52 °C, BEHEE S 5N
60.6, 51.1 fl 384 °C, ME LB =LHEHH, &
S PRIV 0 78 2 15 FEE TN VA iR, B 22 (BB N e BB —
H AR FVURHLLH I 28 K K 15397 0.46. 0.38 1 0.51 MPa,
A lEE 715548 1914 1.67 #11.42 MPa, MEE % E|%E
SGENA, R HFREDEWRS RS Z D B
W F—FHHAZRK, B=BYHZERDN, F
— R B S RINEN AT E SN 123 10.8,
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10.4 kW o 55— 4 55 — RN FENLATIBRAKE R 5 5N
727+ 612, 49.7 kg/h, MERG /NN PIERKER
183.6 kg H—RBHE = LMIEHLLLH COP ZHHE K,
B R R = RIIENLLL COP 43518 3.1, 3.3 Ff14.2,

x 1 BRARNEEBITIRIERERE
Table 1 Operating conditions and performance characteristics of
heat pump units at all levels
TR £
55  Temperature/'C Pressure/MPa

ok
wE F AN

] Power Walel Cocfficient of
wikes  ew removal performance

No. HRE AR ok

Evaporator Condenser Evaporator Condenser rate-l
/(kgh™)
1 20.3 60.6 0.46 1.91 123 727 3.1
2 13.6 51.1 0.38 1.67 10.8  61.2 33
3 52 38.4 0.51 1.42 104 49.7 4.2

4.2.3 I AFHLAATIRE TS5 ARIKE A 4h) COP

M 2 fx, 8:00—9:00 HEAMEE N 202 C, EN
AN 243 °C, MIIAGENIH COP A 2.7, TIERES
HEEE RS COP A 3.4; 12:00—13:00 E4MNEE AN
27.6 'C, ENIEEEAN 34.1 °C, M HEENL COP K 3.2,
TR = 5RERA £ COP K 3.7; 18:00—19:00 % 4k
BN 21.8°C, EWIRERN27.1°C, FSLHIENIA COP
2.8, TIHRESMERE RS COP N 3.6.

R2 M HRNBINTIREE SHAREKS RERIHIARE(COP)
Table 2 COP of independent heat pump unit and combined
system with drying greenhouse

_ I 8] Ti
J54F Index me
8:00—9:00 12:00—13:00 18:00—19:00
E #MEE Outdoor temperature/ 'C 20.2 27.6 21.8
= WIEE Room temperature/C 24.3 34.1 27.1
ST HTEHL COP
Independent heat pump machine 2.7 32 2.8
COP
o BTN
H}él:l ‘A\\7K+J-L COP 34 3.7 36

Combined heat pump machine COP

TR N A ENLA SR T B TR S, BA
RGN COP B TSI HGENIAH, BPfFAMEREEAL . 7F
BARIRERS, BEA RS COP =T =N 26%~
29%, M TAEAEE —HWEERK (HEB KT 7 °C) i,
TR =MEMNERESRE. BRothistr, xTiREH
BN TSGR RIS N TR A AR
4.3 TEREERESARBERAGZEMNHPE MTREYERH
A

mE 3 fon, THREESRERE RGUEITS8K
SENIRIE 60 'C. KGE 2 m/s I, THHE b T SR
HEEE (oMl BN 31.27. EAKEIE N 542, 4t
E CHIMEN 1.51 mg/g. BFELIME AN 12.36%. #HE MK
HM 0.68 mg/g, 5ELPRF7TLE FAN—5, T LAY
iR T A, BT IR S R
IEER

THEES5AEBE RG L5 HE N TEBEICRA
SO FE—EYE A, SR TR R RGE, R TR
N BRI A AR B, (HIR A X = 5 S B0 b

T B, 5EBEINT R EME AR, XA R R
NIEFERIHEE N RFARE. B8 N SOKER S, E—E
TR, $RE TR A KGR S B b T 2K
re, X TTBEAE R TR AR BUR, K PRIE R, RS
AR TR A AR, HAA RO 2L |
T o P EOAE DT AR, RO S AT A3
R DT RERAGT IR, A ™ E, FRICEKEH.
YR C AR S FONR A R, U
P, B TR R N PR T TR R, AR AR TR
DN s, AR T ZFOR s AE v A I A X
G k.
®3 TREZSARBKSAZNHE MTEIR
Table 3 The effect of the combined system of drying greenhouse
and heat pump system on carrot drying

U sk e wm MPPE
Tempue rature speed % . W'at.e'r Vitamir}lC Total su%ar content
/C fm-s") a*value imbibition /(mg-g') content/% fmg-g")

1 27.45+0.26d 3.23£0.21d 1.1240.02d 9.73+0.17d 0.42+0.002¢

50 2 29.16+0.12b 4.94+0.02b 1.44+0.01ab 11.8620.14b 0.57+0.004b

3 2432+0.51e 2.84+0.11e 0.73+0.06f 7.52+0.43g 0.32+0.024¢

1 29.14+0.36b 4.83+0.37b 1.26+0.01c 10.83+0.18c 0.51+0.027¢

60 2 31.27+0.23a 5.42+0.07a 1.51+0.04a 12.36+0.27a 0.68+0.016a

3 27.32+0.08d 4.31+0.21c 0.92+0.03e 9.26+0.11e 0.38+0.002f

1 27.17+0.14d 3.18+0.32d 1.19+0.01c 8.71+0.16f 0.45+0.001d

70 2 28.4240.33¢5.06+0.28ab 1.40+0.07b 11.18+0.23¢ 0.56+0.007b

3 26433021 4.82+0.14b 0.87+0.04e 8.95+0.12def 0.410.011e
e FFIARNG FRFORAE B R R B3 (P<0.05) .

Note: The different lowercase in the same column indicates significant
differences between treatments (P<0.05).

4.4 TREESHRBERFEZTFHEI N

T 45 B AL U T8 R G LA BT A U
i, X G RMEEIS OGRS R AT, X
PRl = 5 RIS RAL TR E 45 R B, &
NI EESH S T AR ER R 80 kg, /NI HEH (1T 5
NT2H 188 kg: RGUE/INFTIBRIEE S 61.2 kg, &/
M AE & 535 kWh, BR IR BE FE L SMER K
1.14 kg/(kW-h), BIEEHAE 1kW-h BEE A AUMEIEE N T
B2 1.14 kg /K57

RN, PRFEEERE=G T THE T
JRARN 22.4 TG, TR EE TEREARA AT W T b
THAN 184 76, AN TEHEARAEFG TR THE T
JRARN 16.3 6, BRI TEREARA T w T2 b
THIAN 204 J6. MTEREESHERS RGEHT
T AR N T RAKN 2.25 76, AT .

5 % i

TR E R R A 7 ORBARE, G AENLIE
TGP TR EE, AR RN E . SRz T;
WIENRA T 2B n 7, S8l TR TR,
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Drying effect of carrot in drying greenhouse combined with heat pump system

Xie Honglei!, Shang Chunyu?, Whang Shubin?, Sun Liwei*, Li Caini*>, Hou Maomao*, Huang Yuji'*,Zhong Fenglin

(1. College of Horticulture of Fujian Agriculture and Forestry University, Fuzhou 350002, China; 2. College of Horticulture of Northwest
A&F University, Yangling 712100, China; 3. College of Food Science of Fujian Agriculture and Forestry University, Fuzhou 350002, China)

Abstract: Vegetables are more popular to be added into food after drying. But the cost of vegetable drying technology is
relatively high, failing to meet the needs of the food industry at present. In this study, a combined system of drying greenhouse
and heat pump was designed to dry vegetables at a low cost. Some structural parameters were designed in the dry greenhouse,
according to the actual working environment of test sites, including the deviation angle, roof structure, roof inclination angle,
and ventilation system. A three-stage heat pump was developed to combine the drying greenhouse. Specifically, the three
condensers were taken as a whole, where the low-temperature air was heated to a high temperature through three stages, and
then put into the drying area for vegetable drying. In three evaporators, the high-temperature air was cooled to a low
temperature for the next cycle in the condenser. Carrots were selected as experimental materials, aiming to determine the
performance index and drying effect of the system. A field experiment was carried out in Quanzhou City, Fujian Province,
China from March 25, 2019 to April 25, 2019. The solar radiation intensity and the temperature inside and outside the drying
greenhouse were firstly measured, then the performance indexes of the heat pump were evaluated, and finally, the quality
indexes of the carrot were collected during the test. The experimental results showed that the dry greenhouse provided a better
thermal insulation performance than before. Specifically, the average solar radiation indoor was 526 W/m’, the average
temperature in the daytime was 6.4°C (higher than that in the outdoor), and the average temperature at night was 4°C (higher
than that in the outdoor). Furthermore, the COP of the system increased by 26%-29%, compared with the heat pump
individually. In system parameters, the drying temperature, loading capacity, and wind speed posed significant effects on the
quality of dried carrots. Under the conditions of drying temperature of 60°C, wind speed of 2 m/s, and loading capacity of
2 000 kg, the quality indexes of dried carrots were better, with the average color (a * value) of 31.27, the average rehydration
ratio of 5.42, the average vitamin C of 1.51 mg/g, the average total sugar of 12.36 %, and the average carotenoid of 0.68 mg/g.
The economic indicators showed that the processing capacity of fresh carrots was 80 kg/h, the discharge of dry carrots was
18.8 kg/h, while the power consumption was 53.5 (kW-h)/h, and the production cost of dry carrots was 2.25 yuan/kg. In the
whole, an attempt was made to explore new technology of vegetable drying during this time, particularly combining the
greenhouse and heat pump. A better performance was achieved for the higher quality of carrots than before. The subsequent
investigation can be focused on how to better retain the nutrients of vegetables, such as the updated drying medium of the heat
pump unit for faster heat transmission during drying. The findings can provide an insightful theoretical idea and scientific
support to the technical exploration on the food supply of bulk carrot after drying.

Keywords: drying; quality control; greenhouse; heat pump; carrot pudding
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