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Design of Solar Energy-Heat Pump Combined Drying Device
and Experimental Studies on Drying Tilapia

Abstract
In order to use new energy sources rationally, reduce the energy consumption in the

process of drying food, after analyzing the advantage and disadvantage of solar drying, heat
pump drying and hot air drying, this study designed and built a solar energy-heat pump combined
drying device which could match with the drying performance of kinks of food, tested the relative
parameter of independent and combined drying basing on the performance indexes of device, and
obtained relevant results. To investigate drying characteristics of device, the matching experiment
with drying materials (tilapia) which produced at Zhanjiang city Guangdong province was carried
out. This paper also studied the effect of the changes in process parameters on drying
characteristic, and made an economic assessment on the solar collector system finally. The
following work was finished:

1. On the condition of quantitative drying, according to the geographical position and solar
radiation of Zhanjiang, this paper designed a solar energy-heat pump combined drying device,
analyzed the coupling of it, determined running process of the system, calculated the thermal load
of the solar collector, the area of absorber plate,and the size of other assistant equipment. Under
the immovable operating condition, this paper calculated the thermal load of heat pump drier,
determined configuration of device and relevant size, and analyzed the functions of the device.
This device is a solar energy- heat pump combined drier with multi-function, which could operate
independently or jointly at variable condition. According to the change of weather, operator could
choice solar drying, heat pump drying, or the combined drying with drying medium cycled by
open, Semi-open, or closed type, and operator also could change the operation mode to adjust the
different conditions for the characteristics of drying materials during the process.

2. After building a solar energy-heat pump combined drying device, we tested and analyzed
the performance of it, results showed that: The SEMR of heat pump decreases with the increase
of condensing temperature, and increases with the increase of evaporating temperature. The
heating efficiency of heat pump system is 2.5,while that of the combined drying system is
5.0,6.7,8.0 respectively when air temperature at inlet of heat pump evaporator was 40°C, 45°C, 50
°C,Which is higher than heat pump drying system obviously. The device could regulate and
control temperature well, and satisfy the requirement of operating conditions.

3. The paper made the drying experiment of Tilapia while heat pump and solar drying

system opetated alone, compared and analyzed drying curves and drying rate curves of them. The

11



drying time and power consumption is closely related with the drying conditions, and the higher
the drying temperature is, the faster the drying rate is. The lighter the material is, the lower water
content can be obtained at the same drying time. All of those provide a theoretical basis for
production process and the research of solar energy-heat pump combined drying device.

4. A technological and economic assessment on the solar collector system was also made and
presented in this study. Result of the analysis showed that the repayment period of the device was

2.3 years, and thus solar collector is economically feasible matter

Key words: solar energy; heat pump; combined drying; heating efficiency; drying experiment
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APARERFEH A THREBHFILD FaTREBHR
HRE T HEE A KFHEERERNBS. 20 e 60 FER 4. Yanagimachi 7 HZEH)
Tokyo, Bliss ZE5 ¥ Arizona Y FIA L SR TREXNBERRERAL S, Wit
TAHURABAERAMEEAKHERRERE™ . BAFIELH Morrison ZAX—FK
PHEEAMR#AUKBRHEITT 24 MBTIIR, LRRY, AROHRREE 2.4-3 Z[H
B, FE%¥ Chen F Rosen ¥ KPRt TR 5HE THRASIER, RINTHEAM
I, AT ARME, BET TREE, WO T RTINS RRKEE S0 A,
M.YH. Othman A Z+HERIHR T —NAB, SR T WA KHEHBNTERRE,
HAp—MRKFBEARKE TRAL, XM THRAAE RFHIERT, REMHE
B, REETEE, WL ZAFRLA~™, VTrillat-Berdal % AT TSR % M
MAMRBITREMNOEN, FRLT AMEREES TRREMER™, Mustafa
Aktasa FAFRAAKPRAMARTRAEI B TRT 4on FHEFRE, X ZH#TT
. FIFE2RERBHASKES LR REBEIRHT T . E£XFER, iR
BT RIA AR S TRBEE TERYE, FHETERE ™, FmgKENMT
FEAM MN.A. Hawlader 1 SM.A. Rahman SR T HF R KFHREARBE THRRE
HARB-ENBHTRERABNNNE, BRLERRY, ARE-FERBOMUEL
FREABINUER; FHRATREABZ BT RBTRESAREGZAE
IABHVAR; R B BIYA AU B b 7T UK K7 K 28-S O ™
142 EHFAREDR

REXARFHRMRNFFTVR DRI, REKYE, KEA%E. FHRATHZR.
- LBTEKRFFEER AMRARRT THRMLRHR, AT —ENRR. 5
v KEH. KEAFANKHRARMKEERT T RSN, MR K
PREEMR GLR RN A T MO K HEAT TH A, SKE W80 T AR R AR MR AR 4 {1
BRARL, ARERT T KM AR MBIES R R AN LRIIR, BRE. BESAN
il ARFB KPR RE S BR A RGHEAT T LRI KEFFFRRTEL T AP REIRR
Hig, AAMRARREM R MFARE T HHENERER,

ERMRMRKE THRSE, 1986 FHRANRE METEE—BEAMKTHH
AHEBE—ARTRAZ, HARATRYRRG. 1988 F, btk kEEELE
FEARRT KREEIH, AERBHERA TRE, SREHXR—HAEUHHE™,
1991 4, TRCW SREABRHI T RCC RIVARBRIBT R, AMFREMBASRES
R, HARRERRENARRBHRER SRR, H— DD TRYLGER
HIEEBAFRETEFER™. 2000 4, FEK, WHEARRT KHEARTR
74, GRRYGEMMASTRALETHR W KAMTEREE 130kg, TR
BIF. BAME. SIS @R, 5™ bR KK B R B0 KB AR B
BFRAMMTHA, BHLR, KHERARKS TRAMVREE 10KG, KE
TR R LR RE TR L 50%/2 4™ . P ERIEBE M B IR BT 7 AT B RR 4t
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IR RSB AR

%N AR ARBE FRASINGIRT, FITET R R T AHleTRINKYT
&M BRILZAMBUER SR AP SRR RGN W IS TIREAT TR, ST T HEE
&, s, REMBHARRBERET TR, FRER, SREMHMAL, &

RO T LRREE, SHRRIARI AL T SOV L AR, BRI
AT KMBARTRAS, SFRER, ARRRBTRAMNNESELRTRS
7. 2% FHRAARE 42.7%" AREECLLERT X B8 FARTRIE R RH
BOFTEBIA, OB T IR FVISR T vt B AR 4 T RO, FF 3k T BEM T E A4,

15 X ENHRMETENS

(1) RIT-FHREEN 20kg/ RN T AN KMARRREKES THREE, BLHHETR
20kg/ Wit B 4k £ T 5 B4 G0 FA B o K P AR AR ISR I T R EAT AP RE R
G & MARER ., ARAAE EEMM RAEFER ST

(2) LRI HRBEAMRARKETREASR, HZREHRIERE T

(3) DBERERER, AT T T R BRI KR R R AR T &M
THFRLR, HLRERBTOIATE.

(4) AHRPHAEAMER S TREE MR RSORRTIHE 24




ARFRERRE & TREBIH LT AT RURTIA

2 KISEARRA TRAGIRT

2.1 T EK

FX R EBERBETT RERITH, XA FILd 2111 , RE 110237,
APHEE B B FAEST b 388, aMJ/W, Hp R KB ENLE 5-10 A, BEX H M n)#
gd+/het, KFGEREES. BRAMNMMNEES, AFENRER 78.8%, K
W EATRETEE RO HBEESKESRE, BTFREELLNE.

TRARES RRRCLERA TRRTEEENSUE 7|, XL CEHEXH
Bir, Wit SEMTREER. RANATIREROTRIZ, NRET KER. K
EARERRY TS,

2.2 KIAEARTREENGEHREBTER

2.2.1 RERGHEN

APHAEMRELE TREB NS WARE 2-1 FiR, HBAKXEBHER: XKML
REGRARTRAR, HETRBRABRHBNARKE.

APfEEM ARG FRE KPHEERS, BXB. BR-KENERDENFHR
KE. KERKRAR: RETRAZEEHILAEN., BRE. BEE. RS, &
KR, TS IER, THRARBURSAR: AREEARKERETREARE
SES- KBS AER, LHPRBABEET. HBANAEEFERTY KR
BRRYEHE, R TAs TS, TATRIZHES.

2.2. 2 FEMTITHER

APHBEARB A TRE S BWmBERR, SEETUFUTILAHETHR:
1. APHReH LA

EAPHEIRSRERK, BKAPHKERHE, SRABMBEHB[TUE
BHT TR, RAAMERMER, JTTRKER 18, #KEPHHEEFIKENFE
WENE, RENE, FBEEHEKE, KBIE—EBRER, TTBKE 17, K&
KA TS- KA KR, FFBEATHE 10 NEMH, AREER-KRZTHE
BN TRAE. BT KR 16 RATEMRE S FHETR, EKBREHE
HFRABEER, XEFHT#—DHAE. -

2, BFHMIBIT '

ERGEPIRR, ARAIMET. BIRTEARBRITBAMCRATARENE

B, NiEHTREanneE, cArEETER, TRAKAKESR, BdHKkEN
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[REGERFHLFA

KRB TRABARIBE . FRETRIT 12, 13, 14 TUARBAR TR REHE
TR, SRNERTREN, KRFREF: RITLBAALRARERF; RFBER
1712, EHEARER,
3. APREHFEBRE TR

ERMREEINBEAK, HEKEPKERE SHESKBRABHOLER
BEEAIN TR TRERN, TURBAAREARRS TR, EFBARTRRALN
I, fTFFERRA 22. JF/RMAIT 25 RIXBL 19, $TFF&EKRB S B8 o HKIER,
BKHETHAREZ - KBRBMAZRE, BRIT 25, BEEKE 24 WRE, ¥
AREBREHRERHY, BIHMRENAE, BE T RANHREE,

R

Ne
FITL LN ®
P DL LD é’

¢
I-R4EHL 2-K AR -RARA RS 4+l 5-TRIEHR 6. 22-Hmm 7. 23-
WK 8. 19-RAl 9-BRERR SR 10-BR-KAT B 11-FE, BE. BERUK 12, 13,
14, 25, 26-RJ] 15-FMaE 16-KI 17, 18-KFR 20-fAKH 21-HBIMAE 24-ARERS
-1 KIREARBATREESHA -
Figure 2-1 the combination system of solar energy and heat pump drying
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AR RARKS TREBTH R D 6 TR ERHR
2.3 XPRRERZMIGT

23] TRIBPREREM KD
FEARTHEKEY 81. 2% BRTBNOBLEKER 30% WALFEE

BREMKD A
W -W,
W. = 1 2
=" 00w,
=20kg*81.2—30
100-30
KA W, ARERKA KRR, m A TR aERE, W, AT AREESKE, W,
AFRENAEESKE,
232 TR EREPEENAE

BREKPRKIFHRONRE, RBTFREESFEITRE LRk,
(1) BAKIERMEENHE
Q =mc*81.2%—m,c*30%
0] =20kg*2263.8’%g*81.2%-5.37kg*2263.8’%g*30%

=33114. 88kJ (2-2)
(2) MAAEKTRENAR
HTTFaAGEKELBEKX, FKEHRERT I &0 LR T TR B
BEFABHARTE. RETEITEANEREN 25C, AERLEMAZ 40T,
A AR R ENRER
0, =mcAT
= 20kgX 4.2 kJ/kg'CX (40°C-25C)
=1260kJ (2-3)
(3) REFERIHIR
BREN TR P HABR N TRAMN 10%, T8 HEERKN:
O =(0,+0)x10% = (33114. 88kJ+1260k]) *10%=3437. 49k]
FUB BT R FERNIE QH:
0=0+0,+0
=33114. 88k J+1260k] +3437.49k] =37812. 37k] (2-4)
233 KFREESMEITEENES

AMBERARBEBITH, TRESNZAZHABMBEHEATRETERIH,
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I REGERFR MR
WESH-EEERHE. NTEHADZRESEANRIT2EYHIREE
15. 24g/kg, FHEHHOEKEE RN 30°C, HEH 70% HRTSHEEERTH,
TRABOZSEETEN19.12 g/kg, FTU lkg FERMHIIKD A:
m'= (d, - d,)* kg
=(19.12g / kg -15.24g / kg)*1kg 2-5)
=3.88¢g
Hehd ATHBADZS MRS, d, W FRALOSSEAH
¥ 20kg B TR GKE N 30%FTREN A 14. 63kg K7, HHBAFETER
3770. 6kg, APHFERMTRTEMATE 30 MY, FHEPIEFENANTRER
125. Tkg. FRRFFIFEAET, ZSMLER 0.85m'/kg, FTClE/NRFHESSIERA
106.84m’ .
234 BABHHITE

WFRBANDEER 25C, & 46 CTIFH#TTR, FUmMAESHHEOHK

B - =
ol
Q, = mcAt =3770.6kg *1.005KJ / kg.k * (45-25)k = 75789.1k7 (26)
Hea Q W FHRLAFENRE, m A TRIAFEHSINE e

RIE B ARFKMBREEHE OB E, HHBFHEREE A, 4 17C, HUkAR
BEEN 0.8, WIRLRUMMBIIERRECN 40w/ m’ &
g, = wkANL,, @n
75789.1kJ /30h = 40w/ m* k* A*17k .
Hep o WABHAEE, kK OURABRIRRAR, A MRRBHER, A, viASELD
TR
B AR TR A 13.3m .
235 KHERIEHTE
ER-BRHNEF, RENBENKZBRAREEABHHENEENZR, A
HHdRE, KEREHHRESZSREBHAENSE. BARFOKEH 55C, HAK
0 53°C, KPRALHITIRES, FAMZSHMME45C, HABRANOTSEEM 25
C,
m,xc,xAt, =m, xc, xAt, (2-8)
P
125.7kg x1.005kJ / (kg.k)x (45~25)k =m, x4.2k] / (kg.k)x (55-50)k (29
HHA, 8 NEERKEN 120.8kg.
b m, h S I EEMAGTURR, c, pTUNRE, A BRABENOEAMEE m, B

13



KPR RE RIS FREBHGIR T FaFRERIR

WEEHAR, ¢, WKMLLE, Af, SBmmIb LK 2,
2.3.5 AT

WIS S B8R, WITH TSR ARBS RS 10 M, HEMKMEEYE
N REESTRE R 1A L 1IMI[m? o RERENSE LONBK, BEEHHER XM
BiTEr 8 0.85, ERBRUKEI N 0.9, REBEFyH 0.7, FrUAFRERSH

MLER RN RB AR A
Itay =1.11MJ/m* *0.85*0.9*0.7

=0. 59 MJ/m’ (2-10)
Fr LA MR A
O/ =0.59+1000k//m’ * 44038 Q2-11)
A=5. 35"

2.4 KIRgERHAR I HEE
24.1 KPABEEE IR AOIA RS

KPR AL SE AR R R OK PR S HE 4 7= e A B A TR AR E . B A KRl
BEXABHEARS, TEFERAY. WFER, RAELTENETERENFHRE,
SEAR T S A8 X A PH B4 B B4R 0 B a8 KB IR S OB I A A A e R R o SR R R A
BEEHLLRER, AEEAMREEE, KD, SPEETE. MERASENH
B B T2 X, SHERRMNERSMHL, BAEMEAERTESMA.

FRAKFIAERBRURIGR, MAEE, FEEREREBITAR, LW
& 2-2 FoR:

KB e

2

#
®
B 2-2 KPR

Figure 2-2 he structure of collector
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[TREBERFN L AR

AR G BT AR R BH B8 S PR R AR 58 T LAY K FHRET A= B AL
¥ 2m () Xim (%) MERR. ZEXMUKALEPREBENZHE, KN
R AN 0.83, KEEHER 0.12, LUGEE A EM ARSI FEE & BER A
R, AT LURIFRIPEIEENR R KR FEE R ERARRBR. BARKA
TEEIR s BT, XTI EIB IR AR R CRIE 0. 96, RETRL 0.1,
HeRIRA R P R RS, SRR V BB, AKX LAZE LKR S EEFE
#8, WATERNE., ARAREHTEMNEREER, HHH 4 JuxT 2o’ MK HE
PR A LTI
242 ERKEMEKEMER

1, EHIT ML

ERF BT US K BRGETE, BT RUFRBEE=RR, MERFE—
BRAK. R BRENEAME. EAKENERABNRANTEETHE,
M—AMRETRAREPRHERREE, A—MRERZH/NKEENEFRE, B
RATREFORR. EEAKEFR—ENFRT, TLUES AL ARENRE
AR HAKR LI, 5 F AP ERRER U, AHEER IR AR RS,
Rkt &4 ENERN AR REE REENNFRET TERER.

BT AR ATBRAM B, MEASHEKERALEFEERD, BT
CARIRT A A TR & B RME AT . KR ARRHRIR K, BEAKF SRS, R
KRS, KBAFEBEEKE HRARFMEKE D, RN EKE0REAMERR
BETRAO—AHFR, KEPOKBTAERBEIEART, MRREET-K
BABRNESERERKE, BERK. EXHMERHREGETY, HAHMENRE
HBETREPREBAARRRE,

TR RAENE R FRES KGN BFOEIT KRN 120.8kg/h, KT RE
ERA—EREAER KN TRIZRT | MARKKHE.

ALB AN 1 WEARR BT BB R & A RE KBS, b T ER
EHIRGKRBHKER. KB SZRKBAMBRKER. HARHASE, HEET
ANAEHAKD, HIERAREM .

243 KR
HT LIERRREEKBZARE KB 5T K BNBZ MHER, FRER
BERKROER, R THEHER 5~25m, BN 6~8m BN 0.5~3.5 m’ /A
1DB45 BUEAKR, AR EIEER.
244 TR KGAZHEEMZR
SR ABHBRREAFETRRARABETRREARRATRRALERE, =
K-k B A B TR BB WA KM g T IRAB A TRIOME. Hitad
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APRBEARBE FRETHH LT EETFRIEHN
MRAERE, ALREEEA MEHZREEERADEFNHEMAH 5 o M
B REARRIEY, BEKESHERIGRARERE. WE 2-3 fiR, REK
FRRK A EEN, AMEENAFEASRAS, BT KBEARFERE, 5]
BT hift B hrk BN ESNREEE, EATKEEAR. SNREHNES, BR
BERE T MATRFEENEE, REBTFR 26, EATREZTINZ W
ERERE TR ERE, WATAKARIT 26, FEFFER 25, HAXETHRES

MARKKE, BRESBAEAH, LHARRH, HRERRH.

# R

11

HAKE

‘cl'((r((
(((f((((

LR~

|

111

¥R
B 2-3 RNBEHSEE
Figure 2-3 the structure of fan Coil
2.5 AR TIRRZEANRIT

ERFEMBITN, BRARBHAREFOMMEHTK, BEFHLRES
FEHABRES, ESNADLENEARRES, REALAREENEKRELY
W, BEFIABIRELNSHES, HRIEMENSRIE, WARNA
KRB TEA TR A 2-4 PR,

HANERRBTRETRARPZUNERAEHS, ERETERANSE, &
FABEPRAMREERXERN, BRARNKRELTREE, BiERRY
QA RN E — e RE N RER ARSI RS EEIER R RN
HERERR, 2ARBRHAELATRMR (25 ANASAREG, BERFE
Wi RT HREE RN EENTREA AR RBLARER. EXLRF, FE
R S OB SR RS I DB i
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J"HRAERE R AR

/
2

/

N

@ 2-4 ARSMETERE
Figure 2-4 the p-h figure of heat pump

HTALREENPMEITREE, RAMGAIN R22, ERAIHNERTE
BHARLARK, NISBRMARHARRD, BRER, BRELRENS
C. ME—EHABRRENEREET, WHRITHIATUEEIE O THRETENE
i, .

BRAREER 0C, HEH 5C, AREEH 70C, TARKEA ST, WHER
B IRSHW TR 2-1 Fim:

F 21 BRERSH
Table 2-1 the parameters under each point
RER FEf1(kpa) #4H (kJ- Kg') KA (n'+ke)
1 (00 497.7 405. 4 0. 047
1’ (6°C) 497.7 408.9
2 2995.9 459.0
3 (70C) 2995.9 293.0 1.029
3’ (65C) 2995.9 285.0

2.5. 1 R BHIBRR S AT
BARER
REALRZARHOLR, £— B TREMGT, ARTRIFRERERA,
FEEKE 3 MHBRE 12" PEEBNHEKEN 81.2%, BUFTURA
0. 18kg/kg (), BB —KHET 4R 20kg T, MAETRERZAN, B HEER
EHIKD
M x=20kgx(x,~x,)xm/3h (2-12)

=20X1.2X0.18/3
17



AREHERATREEFHRPEATRIRHA

=1. 44kg/h
IHREE
BRFRE 12/ MRTER, NEMTEEHERKDA:
m,=14. 63kg/12h=1. 22kg/h
2.5.2 BFEMERE
BRER RN OAESEEY 15C, FEEH 100%, ZETEN 11. 98g/ke,
#EBAOLESEREY 30C, HREFSHESER 27.32 g/ke, BEHR 0% K
EEEBAEN 19.11 g/ke, WEMHTREHZIERN
m,=m,[(d, ~d,)=1.22kg/ h/(19.11g/ kg ~11.98g/ kg)=171. 11kg/h (2-13)
Kb m, HFEIRTES PN FENEURE
m,ﬁ¥ﬁﬁﬁ¢¥i’aﬁfl\wﬁ*%§%%mmﬁ
d hERPHERE
d AERRBUNSEER
2.5.3 HREBNFSFREHHE
AR AEH H 6,
Q.1 =My €ty —ty) +MgC (2-14)

=171.11kg / h*1.005k] / kg.Je* (303k ~288k)+1.22kg / h*2263.8k] | kg

=5315.72k / b
2.5.4 AR BEARHBE

(OIK, H 30w/mk, BRBADZSEEN 0T, HORER 15C, HR
R REE, R 0C, FIAFEZEN 21.64TC,

B E A, = -1)/ (0 -t/ -ta) FF4 4 HRRTELEK
BHFSHEHORE.
i 4, =0, /KAt,, =2. 29n°

(9) TERBEARE LR FHAERBOERTUSRARORE, FE,
HF—ENEERADIN R, MINERBOEAER, ERKEROMRE, 7 BAiR
SHRER, MWTIREHAFNRRES, ERNRTLARD, LA, #l
ARYERA.

E I R BMEY 30°, FEHAE, EXTRAYIREE, HERTH
AMERHANERSERER. B RERITX, BHRRRNITX, KRR
EH, IR AT DA B TR A BB o
2.5.5 EAHLKIHE

HIRFITE

BArEIAR: gq=1-1,=115.9kJ/kg

18



J"RIEHERFER L F AR

HATRERE: 6=0,/q=45.86kg/h=12.7g/s
IR 40t
BRI : W, = G(1,-1.)=12. Tg/s X (459k] + Kg'-405.4k] « Kg") =636. 3w
AR R AR B S B 18 H RN 0.9, TUEGHUB BRI K T0TH,
2.5. 6 ABHEE A
2N R IR AN 15CR 60T, MABER .,k 70C, M
At,,=26.4°C, BUAAA R IBAREN 30w/ mk, T
4, = Q/K,At,,t =37812.37k1/30w / m’k * 26.4k *12h =3. 98n’
Hoep QTR MEEEQNE, t TERME 12 /M, TABEOERY 3. 980’
ZRBIKFIRE, ARRNERTAY S o
2.5.7 ERARBERRHE
ERKAN BRI RN T HS TREANTRE G, TR R
E— LB R E, BEREERIE FREHESRKAA BRI, R
Bl KER AR, HARHAMKKRNE D KETHHERY. o
B4 A R K B R S IR, BV EAHLMN 5 7 K RIS 57 B 24
B, DUEIARCH 100w/ mk , BRUKN TR N 30°C, AR DK
¥ 35°C, MEHEITRERE LR 27.4C, BEUKA BRI HLURZ & BIR
AR, W A0, 12n, ZRILBIANEE, REANAKAARENHR
% 0.5 o MUKAEES, KRETLENAAFHANEN, UERTFATENE

#. ..
y

26 ARAGEHENEE

2.6.1 [E4EML

WU EH AR R RG4S R 1070, bl &, &R
FH 130 (B1 1 L) M2HmEEXEEN. ZHEREIEREFERKER,
SIS EEABRER S, BREANES, REBED, FRERRT, B
AZLNEIEEW, fe@NE @K EEEME A EER, HRTIAMRA.
2.6.2 HEBER

BRTHRALD, TRENKNZHZRKBOERRBRTANRE, FRESH
RARE 24 BAT AR RS ARTHMERTOBE, NTREHRUE,
ERKEFHHEARSTERAADZRETARRBTORAER WA TR
K, ERMARBETWEST KiTHl, WHR ', EXBELESRER, BT
SMUEIE AR
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KEHRERFEREA TRE BT R T E 6 TR iR

2.6.3 % EERANER

ERETRAEHFRAOARRZRFENTIANAER, bLAREEEAN
R, MR KRS —#, EMRETERRMA. B35, ATRSFAGRERN
HIER, EREOADLEER PR, FRFHAFININIREEZEHP
K. AR TREFFARRERMTEER, FERINRERBRANERARHHR
HEMEM, EHERN 5 o MBRRNAESE, FREW KITH. HhAREE
BAMERA 0.5 n° BRREAKARERS, XAABRRNEHKEREEER—
M b, BHKEERR, FARESRR), HIGREX, FitERREUHEx
&, B HIKFEED,
2.6.4 iR AER

RIERACHOTE, RADPRERBHCEEARBLE, FREFER BRI
[H R AHIA R, BN TR EIA RE S F AR, Btz
B A L R 2S
2.6.5 FrRiZiEsR

T AR B PR MR FR R22, KEHPHBEBIERD, HRIFKEMEN,
&5 RIKIEMB RN S BHEER, B TRRZ, T8 -DTRE, DUB R
g . IR A ERREREA TR OVMAR, EARETETIERNTRES
Ak, ST FERASIERER.
2.6. 6 RELERYER

HER S A BB B R A R, EEARibREgnme, BEKED
AT BRI, i OEAZERKEERT, SERwEEIT 8 HRAE, 3 BEERR.
R B AT F ) He BRI, 65 REMHIA BAHILAC.
2.6.7 B RkiRaniER

BIERIPREAMHAH, AE%, ARBPHHEHORE, RARBEE XK
WS PR, HaxE HRA N &5 TX2TEX2-0. 7 BB FIREAKIA.

2.7 KIREARTRAFAYE S
271 BREERHAREOH

. AYWEELERTHRHSFEFARPEATRIZSHEX, 43N ITRME
FRAL. AXARTRAGANKHE—AREBRE TRAZHRBERT . BRI

BELHE, TRAZARERE XWT:
'I=%x100% | (2-16)

Hep, n MR, o HRAMBYRKSERFFEGRE, W HRALH 6
BATHRBOEHER.
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IR RER L AR X

2.7. 1L 1 I RE R R R B AR BT
TRMETREENRFER: TRMR (B NAEFRA, @REREEH
BEFANTREE, TRUREEETRN FHMAET.
TRUFETRALEN 4 AHRER., BHEUNHRY =R, RIESERTH, #
IR SESEFHREL N 20C, FRB|FBLBETHAERE, KT
FHRESEHEAREARBEREHAARE, BEAZASP. uRARHRY
HETHREE, THEARELAE 2-5.

MEIRK

5 a§%£

gikh -—-—’F—-—‘M

' M

| % l (}Eﬁm
1A K e
IR R
2 IF LK

B 2-5 FAMRFREETEE
Figure2-1 the schematic diagram open type heat pump drying device

KE TS, BRRAESRERER 20C, FEABRRBPHMAZT 50°C, SEEA
FRAFEE, HTREEOHSER SN 30C. RREDT R

1) ZBEZSREMABES FHRE) HRHRK,

2) BEMARTREN (F5) HRGIK;

W %2 SEARFENAERR MBS RS 30C LA BN <R 20C.
AR N 50CHE T, FIFI /R A ARG RGN R Bitzer Software
V5.2, 38 ENI 2900/ARI 540 W] LAR 5 v EAHLIE REMIZUN S A (2-13) W&
A

IRICGHREFE R MBI ZARE:

W(Q, Q.)=4,+AT, + AT +AT,+AT,T.,+

AT+ AT, + AT T, + AT, T, + AT, (217

ev *od ev” cd
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KRR REHK A TREETGRTFETRLRIIA

R 2-2 [EGEHL100% A BT BERERARETEREAY
Table 2-2 the coefficient of energy consumption or cool and heat calculation model

while compressor operated with full load

Ao A A As A As As A As A

w 365.53  -12.93 28.86 -023 048 -0.04 000 000 000 0.00

Qc 834205 30221 -108.76 391 -288 0.69 0.02 -0.03 001 0.00
Q. 870759 289.29 -79.90 368 -240 066 002 -003 001 0.00

HTHREIR 2-13 PRHREET, FARA R22, RITFERAMNTUHE H A RR IR,
B EIAFIAERE A 60°C, RREF N 5C, EHENESH 2HC-2. 2, BT
FERZRISHAE I h 5°C. MR LLE i RELHER % 2119. 48, A& K 6522. 0TW.,
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Figure 2-6 the schematic diagram closed type heat pump drying device
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Figure 2-7 the p-h figure of solar energy- heat pump combined operating system
RITREMA o' &R E, BEKRBIZRSHEARRES, SAREER
| B|REIIM . W00 2-7, WAEERR K SR S L FIHEA T RA R R 7
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m =(h,—h)/(h,~h,)=(459-285)/(459~410)=3.55
F2-IARBMETERTRASHR

Table 2-3 the parameters under each point of heat pump

RER . 71/kpa & (k] + Kg-1)
I’ 497.6 410.0
1” 497.6 414.0
2 2995.9 459.0
3 2995. 9 285.0

RIEITERMATRY, K& TREOSARBEAR PMBSITHHARECK, B
%:F};%%E_pﬁ&c
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Figure 3-1 the system of solar collector
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Figure 3-2 heat exchanger and water-cooling condenser
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Figure 3-3 heat pump unit
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B 3-4 ZHES
Figure 3-4 control system
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Figure 4-1 (b) water temperature difference between inlet and outlet of collector
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EABIREMIE A TR, EARKBOZIAEATN (BEEERRF26C).
JUiR KA A KR AN 4088 OB X R 0K 4-2 iR

%42 KIREARBEEITRSBETL
IKFKIER 40.8 45.7 46.9 47.6 48.3 50.9
P OXIR 361 41,4 42,7 43.4 441 46.2

TR, KEAKESRTLIAT 55 B, EB%LZMRR, KHENEETLL
IBF) 45 . HUEKFEAKE S MR RXRE, EKEARKIRRRE 45 B LR, %
HBHONBEATTRIES 42C, BABTNFEENTSERK, BB XEEH
RFK.
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Figured-2 the compression ratio with different inlet temperature and
different combination mode of evaporator
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Figure4-3 the temperature difference between the inlet and outlet of evaporator
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KrshE. ERE—CHHRT, RE—E, FRSEH 02 SR Z T R & R
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Table 4-4 the thermal efficiency at different operating condition

t) BRR t2 AT | ts | AT Ql/m Q2/m | Cop

11 4.2 20.8 | 42.8138.6 | 20.904 38.793 3.0

25C I+ 8.2 16.8 | 43.5]35.3 16.884 | 35.4765 | 3.1
1+11+111 9.8 15.2 | 43.6[33.8 15.276 33.969 | 3.2

il 10.1 20.9 | 49.4|39.2 19. 899 39.39% | 2.9

30°C m+1 11.8 18.2 50| 38.2 18. 291 38.391 [3.0
I+I1+11 14.8 16.2 | 51.3]35.5 14.271 35.6775 | 3.1

I 12.8 22.2 | 51.4(38.6 22,311 38.793 [3.0
35C I+ 14.2 20.8 | 52.538.3 20.904 | 38.4915 [ 3.0
I+11+100 17.9 17.1 | 52.7]34.8 17. 1855 34.974 3.1
GHERBAORE, f, ARRBHORE, £ HRERYORE, EFEFERSS,
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Figure 4-4 Heat pump drying cycle expressed at T-S and h-d figure
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Figure 4-7 the effect of condensing temperature on SMER
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Figure 5-3 drying curve of tilapia nilotica at different temperature
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Table 5-1(a) rehydration rate of tilapia(7mm)

HAKE
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Table 5-1(b) rehydration rate of tilapia(4mm)
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Table 6-1 initial investment of solar system

LK Mg =Ry B
ABIREEHAMR 6 m 210 RMB/m’ | 1260 RMB
Y] 570 RMB/A> | 570 RMB
B 14 1000RMB/& | 1000 RMB
IDB4B KR 28 250 RMB/& | 500 RMB
K& 20m 17 RMB/m 340 RMB
LHRT 2000RMB
4L+ 5670RMB

6.3 KFHBESR ARG A AR UL IR

A% B b FK MK BH B £ HUR PR ISUA R, RBHIAE M £ D 58 B R MIR L
HKPR ARG RE KB NEEE R R, Fit, KERRESTHREFAETK
PHAEBLSH B HUR ERIAR

10 B KFERBERFATIE 55°C, BREEAMHRENBETRN5-9 A, K#
RBEEIE 70C, B E+ABITF LA RERERRE 60C, La® \ f&Eh
H B (R 45°C LA b FERPRAEIRATIRAEA M 11-4 A, KBHIRERTTLMERM
B OB R 45°C LA B RS 10 /MRt

HETRARGIBT 1 DREFEHMRE R 3.6 B, KPHEERAEIT 1 /DEHHFENA
BH 2K, WHMERRMETRS M HEER 2.4 F. HENERHERREK
AT RAENR, RABHORTKEEHR 5CH, FARRECK 6.7, AR
1T, IR 3.1, BATERENRFIIKHE A NF TR FEE, KMk
EHAREEHENRERN0.TE, BAYEREL1E.

fRi% 5-9 Ath 110 RAKR, 10-4 BhH 150 RAFK, WAHERRKET
B—ETHNAENR:

110*7*2.4+110*3*1.1+150*8*1.1=3531 /%
AR 0.7 TitE, BETHEBHE 24717 T

WiE 6.1 BRAR, 2.3 ENFIMCRRIGEERRERE.
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