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B—EEW, ARk bR A, REFEDHTR=
LHITTHA, WaERWARFHFE-REEAEZA
HFR=temEY, BRENTTERREEHN. it
R BAEH, PREERHSBEMIHEA. FAEHE,
B RMMBRERRZAR. HZAEAETFENAK
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7 (photovoltaic/thermal, PV/T)B& TR R & BXH T
SHHAT T 4H13; Montero AR EET HH TR
BIFE BT TR ARETRRED., BAEETRS
R TRECR KA R TRAL, HXEREEHHTT
FHRRBBFOCT; 3128 5 %5 FIKBH B % & 0t B R
SR EKBET T FRFRIS, KRR AR
FRERBFHERTHRENER, BENTHERA=L
FIKPRAET 4R, BEASMEERMRIE, FXERREHEFH
T—RAMEGE=tTHREE, WHAERERT TR, U
MARE=-LTHROTE. FRAEELSS,

1 MR5%E%

1.1 KRR

ZAMGERNTREED 3 HoHAK: KBHEES
ERERY, TREBSMERLS, HERERLY
w1 Bir. HI/EERWT: ZRENBANEA V
R SUR AR R IR BOK PR VRS RE T A S BE, B TR
HESHEROHFAENR, REBIIKEHEMAFE,
HERNZES| T HERETIHHORATRES, X8
REEELHT T8 . REMIUR A ZFSEMBTHE,
BEKERT, BHEXMEHERE, FimRiEesmia,
RHEEFRTUEHPRES K, BRETTEHRHEE, #E
TFRBH.
1.1.1 FREAS

AT EABRATRN 20 m’; EABK
20m, £1.0m, K0.16m, FXHIEHEHERE 04 cm,
thia)Es] v BUR AR B 0.05 cm, V BHE5E 3 cm, 2L
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BH1 KFEAEFREELZE
Fig.l Experimental system of solar drier

LREER, RAREE SEEHEER3 cm, BIKAE
JEHEIR 2 cm, WERXEHFBEE 25cm, RBEEXE
FERATRBREAREZE, LEHARECH 0.034 WmK.
SN RNH 5K FE R 30°A I ERFAEARE, T
B0, BLEESRIME. ZEKENSHIEHE,
MZSFATE V BRI S E B SRA RN LR EES
Ra, BE V RERMMREERARN TEEESRSD,
wATEINE L. FTHRES RS, BEXEHOLHME.
TRIBEESFBEFEHESESKERPUETREH
BIFEY KRR AHnaHE, XA 2 MIRNENS
HERGEH

1.1.2 #RAER4p

LS J1 R AR & B B AL, BUE T 250 W,
$IE 2 880 r/min. RIS R AR HRMRETHETIRE
B, TEITENTEE EHRRBHEATREARTS
Mg, BREEERH 15 om, FiBEEMIHE2 om
ERREABUEG B LEER, R OEERNS
%K.

1.1.3 T8#%

KH R THRAE 135 cm, ¥ 107 cm, 3 96 cm,
BRI AR S om B R Z S RE R B LURIE
HUBE 35 R R 1k, R P9 A8 120 em X 95 cm X 80 cm.
THRAETMAER>HREFH. HRO, BdROL
245 1) R IR BT A SRk UGB R . R E LA
BREREE. £, FTHHEROMERAE RIS
SRB, ARMCELKYRAILERST KPR HEER
WRABERTE, LEBEHHTREEANRRAERNK
FHEEHSSHHER. BRRETRAVELE, TRE
TR BE. BREENBE RSN AN
B, UEHTREFENENEEBREMNER, B
KT RLE.

1.2 REFZERTIE

#ER 2 RPREREXBAER 15 cm HESRE
EHEE, FFEERBHROLRXAHBERE 1.5 cm Ei)
KRBHANGEAAE, LROABSEHTBEPKSTR
RERBARK. 1) TBQ2 B REHE (MR
FRAF, REL% ) 5F[EABRAZHANE, U
HERRIEFHARPIEIE. 2) ETEREATE.
BHKE 3 MXES, SMKESHHE 3 BUREHF LN
RER SR E S HER, FEH 3 MNEEELGTR—
KFEMEE, fLEWE la s 14 i, 25 AENERR
FHRERRTPXBERE: BAEEHHENGE | K
BEEHELDNEFEEE. 3) 3NMTEEEEREOZ
TEEA 10%~99%, HXTBEE 20%~80%E iR X4
8%, HR|RTEBARENS% )T HRE FEHEFTSHED
. TRAANTEREHKDLHUN R ZLEHESH
HIEE. 4) AR816 BIREN (BFHHFLMEERAT,
HEEE 03~30 m/s, BEH%) METSIEEAKH
RRE. T 10 min R RRBHE.

TFARIPFECC W M R RIZ R B =1 10 ke.
xR, EHEFEREREINEHERN 2B, —H2H
S1IFHET 85 cmX70 cm MR EHEFTRENE
BEAHGETRERTR, H—Ho5TRANRRRER
EEBTESERN3). FAR LK BRI T4,

R H A = R I KR
Lo REMBHE A 2009-12-03 F 2010-02-01, 43 FxtF
JBEEHITTEERLENIRK.

2 BREHH

ZERUFHEAE. £F, HEKHEETRER
EE. LFNENMRANEE. E=-LREHREX
HERATRAZEEZZRFTHR, SHTARAIAR
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THEARRBRERE, HEMARGRMER 1 Fir. X 1
TR A LA RS R R A 3 R R LR R T,
HEREAR (1) HEABMERRIIRE. BEMNMMW
B, ZHNN—RETELNTREPRLWEE S

FEMFZAMRNE R, =ENESROENTS
BtEERNRE: —ROTEARFEEHAE,
HERE R, EABEEUARRSIIEERETS]
EERFEAEE, BB T LMBEN M.

F1 AMHEEATHRAFRABER
Table 1 Measured data of the solar collector drying system

REAH TAERt) HEERC BitEgEEEM EBEEFIERE/C FHIKBR/C BEXE% FHRE~%
2010-01-19 (AR  10:00—16:00 16.3~24.0 16.7 58.6 50.8 75.8 60.8
20100121 (HAIFER)  8:40—16:40 82~204 19.3 622 546 76.1 66.5
2010-01-22 (RAEHR)  9:00—16:00 9.3~19.5 20.0 60.1 513 76.7 67.1
2010-01-20 (FEMEZ)  11:30—16:30 164~22.8 146 547 475 60.7 539
2010-01-26 (FEMZZ)  1020—16:20 8.9~19.3 155 564 454 639 516

¥ HRHLEH 0597 ke/s, T

2.1 FigRgHME
2.1.1 KFgZAEhBHRME
B A s B IR A 2 2 A 08

_Cm,(T,-T)
T AG, 3

AP, n HERBRE: C, HEAMLNAE, ke C):

m, HERBRYBSME ke/s; T, VEARB OZKEE,

CT; T HERABRHOFSERE, C: T,ANERE, C;

A HAPIRERREAER, o’ Gr HFAMERME,

Wim?; Fy AEHBHIBET; ¢ HEARFHEIRX

KPR HES R a KA HH 35RO KB 6 H R

%, U HEABRORARRAS. a1k (1) BERY

Fr(ra)-4, , Fl,(1a)-4,
\J'T_

Z-T)

= Fp(ta)-FU, )

T,~T = 2)

i

Cpmd Cpma

Kot 1, HITRASHERAE I, i%;)—” R (D &,
LR OFESEEREIFIREFR, H%E AR
FEABOPTBETHESRER, HEAENE
A
n = Fy(ta) 3

FESRE B A E RN, ERERERAIBETFEX,
MATBEFIERRTFERRE, ERRARN
0.0597 kg/s Bt, X (2) WARESEXSHE. HOB
ESXABRERENXER, XMREXRRBRE 2009-12
—2010-01 JBIRS &M 28 d MIRBBIBREHUEE
- WD)

T, -T, =0.03001G; +9.21115 4

#RmE 2 FioR, REYE M KHEREE 200~
1 100 Wim Z[81%tk, HBEHRERH R H 0.6659. [
B, AIBEAREOBRESHENBERREA

T, =2.49656T; +10.22823 (5)

meE 3 gk, & (5) PRENRSZHOEE THRE
HIEEE T,.

TR RIFOARESSENE, AFEREA
BAR (4) FAPE SR AT R AR OB A,
XTSRS ER M A R IR A HE BN

T,- Ti=0.03356G,+6.30817

Mt Ol (T,-T) /°C
8

200 400 600 800 1000
AFHRRIE G,/ (W-m?)

B2 o ihBEdanis
Fig.2 Linear correlation between solar radiation and
difference between outlet and inlet temperature
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Fig.3 Linear correlation between inlet ambient air and
output-air temperature

mX (1) F, E—RPERBEENLOREEE
AFHE R AT EE B T UK, HELESmE 4
Bim. E—ARAEBRIAR, WF 1 9 2010-01-21 FE
4a FiR, SRRAM G OHTSBEHEHLE 622°C (HHE
13:36; SEHHE 992 W/im*) , £ R FtH OREH 54.6°C,
FHHBER 66.5%; FE—REEZRKETHR, WE
191 H 20 HFE 4b iR, BARERBEESNERK, H
EHBHOPRNBHEANEE, JLEHRE 45CULE, £
KEHEE R 47.5C, FHHMNEN 53.9%. Wb, &K
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Fig4 Variation of efficiency and outlet temperature of solar air-heating collector with insolation

M 4 RE, EABEDEEBHRLBEESER
FRAEHZ W KABERERL—H, WL AMERE
WM EASHORNBRMEZA®, BARH—EHE
BleBaTrE, KRENLAZSEABZHRAMT. &
BRAERT R, BELAFREESRS, LR
HARRM S AEHRK, BRKEHE, XHEH
NBEHEHERERT TERRRE: PFdEARER
EHHE TR, BEARHOXRSIEETRFSRAE,
RERRBTEABHAEMER, ©HZITRERK

HABZEHBRRARTENES.
2.1.2 KFageTFiRssihist

TwmE 1 PRBRZEEET, S HIRK 2 HFERY
AT RN —FHRARKETRETHEHEAN, A
REBHESOHEN: B—MHUREMERNRF TR, PR
R, TRESHER. 2 Fr 7 B3 RIR B R 2 0.0597 kg/s,
ERAH T RREER T 2 5% TR W EE#TERR,
WRERWE 5 RE 2 FiR.

~+— KREEE - TREANZSNEE — TREAREEX -+ FREATEER — TREARKZER o TREHDSYER
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Fig.5 Variation of temperature of drying air in different height inside the chamber with two modes of ventilation
F2 2HEBERFRATHTFRERNERENL
Table 2 Contrast of temperature of the drying air inside the chamber with two modes of ventilation
AT #/C AT #)C ATpaxs. #C AT v, #/C T/ C Teg/C
TR, EAER, 72 54 32 25 55.0 429
AR, TERHER 0.6 03 1.5 0.5 40.0 320

HE: ATas. /AT ug S BN FREA L. PROBKEERTIRE: Alnar. 4B ATngr, oy A TFREAT . PROBKEZ LIRS : Ton A
Ten A TRAN O REER MTIIRE.



108

ERE%E. KRR TEEEHRRSLTRER 381

KA AR BHERFT AN, TREAL. .
TEERKRZE, BEH LM TERHAEEK, BHOHR
BESEARKN TREE HLARKEE, K& 17C,
FHE 10CU k. KRR, TEREABKES L
FRR, FRAZGN LS 9:07 T, 8 10:17 B4
N EEEEIAE 40C, 492 h 5, BMENEBEREEHE
40CUE, ZEAMEEBEMEMEEBHK, BE
T E, LEREBETIE SSC. £TF4F 14:00 i
&, KPBBAERERK, TERAANSEZEEHE]R
BEMRBEEH G/ MEE, HETHF 16:00, APFHERIE
R 401 Wim?, . B, TEREN®ET 42°C.

KRR SHEER G X, TREAANLE. $.
TERERAERL, RETEED, WEICEL, KR
BERE, WHEKREK HOFEREERETEEE &
KBENN 2.3C. AANBKEREI NS, BEEEE

- TARESLOREZ %
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02

01 |

10:41 11:31 12:21 13:11 14:01 14:51 1541 16:31
w3
a HRAK

BE, BNESEE 40C (F4F 14:00 KMHEEMAEN
990 W/m®) . REULFFRE, HRBEH. FED,
PES R ETRE LBES, EEATUREOHH,
PEHRETERYERNAE, BHERBERHE, ki
WEBK, TREFRAHFHARBRIGE.
FRETRAT SRR ARG N AT A R
BEMMES. AEEFAROLERIR, #1773
Bk, WRAERME 6 RE3 Fim. NE6TEH, &
SRENTRENBES AR NS, A—FHHEE
B, £ 0~04CHENRBERES), FIEEHKT 0.2C.
SR TRENEEIRRANS, A—F@mLH
BEMEMBLR, £ 0~1.6CHENKS), FHEEE
0.5C, 55 RRIELES, X5R%HFHTERAE
BBAER, EXRAERERTERE, WS RRATHEE
SHOnERHRENES.
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b. T&RE

#: T N BAMATREASEFEERARANES, K4 LATRFEPHELOERE, TVA 14540 T AATRSOHE AR
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BH6 F. AFABMATRA—KPELELEBEHEE
Fig.6 Variation of temperature differences of the drying air on identical horizon inside the chamber with or without air deflector

%3 5. xSREERATRA—KFELEREEM L
Table 3 Contrast of temperature difference of the drying air on
identical horizon inside the chamber with or without air deflector

Al ) ATwg. 2 AT max(z. 3) ATwgo. 3

/C Ic /c I
BFERR 0.40 0.19 0.40 0.15
x5 AR 1.60 0.46 1.20 0.52

i*: ATm\uJ)ﬁ]ATnﬁu)ﬁﬂuj} T 5 szﬁkﬂ%-’j?ﬁﬂﬁ:, ATm,xa_;ﬁﬂ
ATwge M 3h T 55 THBRKBESFEHRE. (T, Tr. T340 6 i)

2.2 Z£FHiIE
B7AREERHETRHENNER BRFEHH2
BA=LTHREBE KRR LA, 3T HIRE MR
B KPR MR R SR EER 8 Fa,
EEREREARTEN 2 ARGIRBEHRE, BHS

HK R R TRITER. ILHRBSKEIE, BEEER
Sl Et R RIERESE, ATUEH, $Z-EABE
KE 66.53%FRERESKE 17.15%, EZSHEN
0.0597 kg/s BIAPEETIRM P TR R 450 min. TRIFE
KERM, BREAFEATROE=-LHR, 7 450 min
JEEKEAEN 34.11%, HTEBESEMR, TSHETE
BEA, BEN=tREEETKEXKE LA, BT
440 min MIBER T8, BEESKEAS R 18.36%, EI#EA
BATHRERET 990 min. N 75, ATEFHEHR
100 min A4 2 A TR AR KEREELRK, REER
BT X RREAKTEER=LANIES S KR
HHMEK, XHFIKIESBEFBRIHE, THRE
EZXERNRTFHEEEMRNE. 25, BRTEERZE
WK, RO TFUN=thko)THBHULEAKEREE,
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Fig.7 Contrast of moisture content between the solar drying and

natural drying
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Fig.8 Variation of ambient air temperature and solar radiation
during the period of experiment

3 4 #

FGEER BT RS- F BB EH#ITT
HEENR, HERREETSBRTRRT TR,
ZRERMA:

D BB EEE V RIR AR SUEE N K e E 5%
AREBHLEENMAYBER, ZRHEN 0.0597 kg/s
i, EABHOBEHEETIE 622C, AREFITX
76.7%, FHIBEREIE 67.1%; EHZREKN FHEE
REFRAERE 50%LL L.

2) RERARPRETRA, XA LEHR. KB
HRFX, FHERN BICERTHAKETHR. TR
HHERET IR 32.3°C, AFHERR, RERREF.

3) XAAPEET RS = LT RANSEE ¥, 4
Th, LEERRIFEELEN =R RAELM. AP
=LTRAZAR AR BEIRAMEMHE.
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Performance of solar dryer and drying effect for panax notoginseng

Wang Yunfeng!, Li Ming'*, Wang Liuling?, Wei Shengxian!
(1. Key Laboratory of Advanced Technique and Preparation for Renewable Energy Materials, Ministry of Education,
Yunnan Normal University, Kunming 650092, China;
2. School of Physics and Electric Information, Yunnan Normal University, Kunming 650092, China)

Abstract: In order to improve the efficiency and quality of panax notoginseng drying, a solar dryer consisting of two
identical solar collector, solar drying cabinet, and air blower for panax notoginseng drying were constructed. The air
solar collector consists of two air passes having V-groove absorption plates, and a single glass cover. The thermal
performance of solar dryer was investigated and experiment with the solar dryer for panax notoginseng was conducted
under climate condition of Kunming, Yunnan Province. Drying effect of the equipment was compared with that of
traditional nature drying. The results showed that the solar air heating collectors could obtain a good thermal
performance in winter season, While the air flow mass was 0.0597 kg/s, the maximum temperature of outlet air and
maximum thermal efficiency were 62.2°C and 76.7% respectively. Its average efficiency and temperature was 53.9% and
47.5C even in cloudy day, respectively. With the mode of air entering from the top, the temperature distribution in
drying cabinet was non-uniform, causing great temperature differences in different areas. However, air temperature with
this mode rose rapidly and a higher average temperature could be gained than the way air entering from the bottom. With
the air deflector, the uniformity of temperature distribution inside cabinet was improved significantly. The experimental
comparison between two methods suggested that the solar drying was very effective, and the drying time was shorten to
about 450 minutes from 990 minutes of the traditional sun drying,. It is observed that the solar dryer could obtain higher
quality than traditional drying method.
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