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Construction and Performance of High Vacuum Flat-plate Solar Collector
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Abstract

A high vacuum flat-plate solar collector has been developed. With a solar intensity of 500W/m?, at an ambient

temperature of 0 C,

the solar collector has the following performance Figures: it can output at 70 °C with an efficiency

of 66%, at 100 °C with an efficiency of 58%, at 150 °C with an efficiency of 42%, and at 200 °C with an efficiency

of 22%.
than 0.1 Pascal.

To improve efficiency two methods were applied.

One is to keep the pressure inside of the collector at less

By this method the heat conduction between absorber plate and casing is reduced to 0.1W/m? or less.

The other one is to use shield plates on the gaps between absorber plate and casing to cut heat loss which is caused

by secondary radiation escaping from the rear side of the absorber plate. By this method, efficiency increases about 20%

compared to not using.
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Fig. 2 Theoretical Value of Pressure P vs. Thermal
Conductance C
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Photograph of the Collector
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Table 1 Saturation Temperature of Absorber Plate,

Window Glass, Bottom Plate vs. Pressure change of Casing

Pressure Pa 10 5 2.5 1.0 0.5 0.27
Result of Saturation | Absorber Plate 84 90 98 107 115 122
Experiment | Temperature | Window Glass 46 46.5 46. 5 47 47 47.5
§®) Bottom Plate of Casing | 41 41 41 40.5 40 39
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Table 2 Relationship of Theoretical Values Based on Values of C, vs. Experimental Values

. 1.655 | 1.400 | 1.107 | 0.669 | 0.412 0.233 hve. &”P“ Standard Deviation
(10Pa) (5Pa) | (2.5Pa) | (1Pa) | (0.5Pa) 0. 25Pa) Sx
0.5 108.5 | 1124 | 1170 | 110.2 | 107.7 106. 0 110. 3 3.94
0.6 112.6 | 117.0 | 122.5 | 116.5 | 114.9 113.8 116. 2 3.48
C, y 0.7 116.6 | 121.6 | 127.9 | 122.9 | 122.0 121.7 122. 1 3. 60
0.8 1207 | 126.2 | 133.3 | 120.2 | 129.2 129. 6 128. 0 3.87
0.9 1247 | 130.9 | 138.7 | 135.5 | 136.3 137.4 133.9 5. 23
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Fig. 4 Characteristic of the High-Vacuum Solar
Collector

Input Power W/m?
—¢—100 —&—200 -—2—-300 —*—500 —%-700 —&-1000

1000

2 a0 -i
o
£._ 600 P
o~E \
a
5 ~ 400 \:\ |
§ 200 g &\\5&\*3 ]
R SSS. )

0 25 50 75 100 125 150 175 200 225 250
Qutput Temperature °C

Fig. 5 Characteristic of the Non-Vacuum Solar

Collector

M. 4R UE. 5IZA N ERTA—F L LT, HhEEs
RD-EOHIELZRTRTH D,

Journal of JSES — 84 — 2005 4

.
i
|
|




,@

BEZEFRAKRGHR L 7 &5 — OE g

.4, B 5THEETREAIE, ZZIRENHE
EREIMICOREERLTVDEHATHS,
ERROBELEBEOHNBE L IT—& L2,
EBRICA - Te KB FNF— RN EREIC A BTt
EEGWR S EHE L ORICIBEEZENLERENL TH 5,

TOBREETEBR EOS LEBE L OB L EBUR
OEREE L BB T AR X —BIEET D,
EREOREL O DIERROBREIIEBEORE LT
BRIUTHZD, BHENSEISNDICH - CHERO
BEEITHEAT B,
SEBIROEIE PIEET OMOFETHERIR L 5%
LTwé&LT EBRE ECEBE N LEREICEAD

ZEEEEL 70T BN T R EBVE L OREEILMNT
%xé& LERICTENEESZV R URE SOXE
B X AF—BRAALTHENnE, LOBKICHFALT
EBE LA LETOANTFAX—IHERT D, BET
ITHESRE T FAX—PEKRT 5, —FRT FLF—

[ AEBROBER b L oBKIC >R TR
Dy ZOLDBTIINT — L ELSBICLERBERET,
TRNAX B L BRFORBIZ A L TXkT5, Lo
FICHAL T, FAFOLNMBENKAOFRTEREL VI
TTBEE->THRW,

BN EOEBEOHEENTRLE, BERIITRS
2B, WAHRELTRLEEIREEETS, ZOBRER

Tt EBROMELERCL > THEDL LA, L8R
roeToaR, EEENS, 5~TcmfBBEHURIRD

FICBEOPREEZITHD, THITHLEERT
ﬁ%mﬁ%uT&mm%5o

AERXOa Ly Z—1, BEOKILETEEE > T
B, BETHHEKTEEREL TS, Z0OLE0OF
LR, BRENORE (22 COBEORE) Tk
5g:mﬁﬁ CHIGLTE Z TOBBOERIENEE Y,

REER, BEOESEHRTHOOETOEN
%%mztﬁ Ea B2 DREN, EREOHINRET

HB,

HEBE D LEBE OBHMIC A o - ERKITRIL LT
ERRRNOERINCET 5L, T L > TERREDE
EXEEPT 28, TOLREK. 4 .5 T, Hitd
BORHACeOXBERDDROTRTIRETHD, BE
K TRRRDOL S ICHEYEWIREE R LN,

.4, M.5TERTREEE, FEZEA T, HHE
ExEFfTh, HOIRKBT=RNF—BENMRNEET
b HEOHBEBMETFT LRV, FEEXOEKBEDE
B, TOERKEREVATHS,

B Z 2R CHEEE OB IR B & VT b A S1703500W/
m2D L i3, BEBRECCOFE, HABREBCHE X
T, BEZEUE320WO S (64%D%hE) EFFo T AN

Vol31, No.3

EEEXOB NI ach b, HHEESC THATE
HE350W DA (T0%DEhE) 2 FF-TWAR, HBEDH
FE125W (25% D) TH B,

BRI RN F—WEDENB LV S BFTE 3t
2, BREOHAIEZBONDEVIEREHY, o
HEBIOREILEIREIC 25 E TR LAY, BET
R, BRI KB EGRE O MEVEBNICR L T LA
WERATEDLEHI> & THB,

BERRIIAMBEICRAE T, B XX — 28T
EH0, BEREOBREENSa V7 ¥ —OBMREICELE
L, TOREIFOEBRICI N BLEL DLy ¥ — 5§
BELTHLEBEOEREEIN A 2V, ZOBEBE T, fafn
BEOCEWHEZRa LI ¥~ balyFd—o
EEEHEMSEThHL, BEROFENS X ) aE0WiEER
Bz,

THPFHRERNEBEER L ORENZRETHD,

FEmBEEOHN R RN EERNIEEEDRKE
DEVWERIEBLNDEEI LT, TR LERED

FRTLIEL DI RAF—RERL L ESFMEMIC
DB B,

BIZ L0 CHA L 1I0°CHI D & & el 5 &, 50°CD
KREZIX0. 2RETH B, 1I0COKERITL 48ET
H50 0, B UEKEE CRETRATFEONLRED = XL
F—RED, ZOZ ERBEIC L ABBEOBE.
SRBEERBETEL OBEEND O TRENIZER]
R ETHB,

T OFMMEIIERBREBOBRII D3 Ly ¥ —%E
HALEEBSICREINS,

6. ZhA

Ytz &ht, BEEFRNKBEHRa LV & —0OF|
R, UTosgicEedons,

(1) 40°C~200CREEDLEVBERS T, FEANLE
¥R, TERECEVWAASEICES T, REBYVAEH
ELROEAEOTIAX—HE LTEL 0REE
2TW5, BlAiE, —XFEFETI5~20m? D=L o X —
EHEATHE. EME2ELTHE. BE. RBESD5%RE
DOBEBELENRZD, BBHESTETEHRILHS
. TOMTHLEBELFRTIZ LA,
TEATIE, KEEEZEOLIEHICE- TSN
AEEBIIAND L, HEERDoTEE, BB
ThH Y BREHEGEOFR b LERpW, RETRABEAE LR
WRKBEFIRA AP KB E AR RET S, ZODE
XAV I F—D R ICEBGEREL ., BBENES
T, BoBRBERICBSFGORVEZER KB L7
F—OFERAPHERIND,

KB T A F—




FRRIE - R

(2) FEUTOERMTORBESS A L, FIEH
BER MU A TR 5, BRETHL ORI X 5.

(3) KB B EIREDILVIREEICE > THROEL
RNZ EEFIAL CHRBERL AL, RUKkE &0
EPRTABROERBEL NI, BF, ®HETOR
BEISLBND,

(4) 150CREDHANTHBRERELITV, fEnIEz
ATHEHTRHARETH o7, EEOAELEYECREICE
S2TTH ZE BT S, ZHIEDEHE—2 O
BLREHDOE — N T A T FREOEFICESIO,
(5) FHLNER, HETAHNRI0W/m2BiE. K820
CHOLETYH, 50EDH IR TE0%RE D AREITE
BTET, BEOKHRNEARIT, EEDFEELER DD
2 EBEBITRE,

(6) ERNNEE TH A0, NERC S 2 R4 w1,
BEOFEGRR, I—u vy OEERI LS F—DR
FEFIRIIB0ETH B2, ALEZEROAI L7 Z—1
BENRRFOL & T, 0EIEZ B THS S,

7. W

EREEAT AN L DB RARABE L 7o TV BB,
B AR REST, BEZSBRLAEV., DROZHN
BEERTRAKBE L7 ¥ —0M%IL. KEFEE
BT ETHB,

VYUITIET DL BRKBTRAE—DEVFTT
Aavy Z—kWEROEKMEAOBBEIC V-8 A1,
REFEICEN B OBEERLEAE LRV O T, KEER
TBIRE 25,

Journal of JSES

BREFEDH BTN AN B0 FERS 50T, M
Kh%f%&wﬁ\%ﬁﬁ%w®f@ﬂﬁﬁéﬁ<@ﬂ
DIEEHBIBTECTRIBT AERE LR L ik
RIZARIE, Miogpe, FHEZER oL s & —jcig~
TEERIREENE VL EXETHS S,

B @RS O, BT 25 KBTS ¥ —RE L
THHIZHMD LY, EROFFEER L 7 7 — |l
T, EXBE T, [EILOTILVE—RELN. SR
EBRFETTHEBEOHNEZB LIS, BHEMNE < &
RNEOEZEFERR L7 Z —DBRIL, H2itkx 72 A
BEbloTEEITND, AXERZONTFOMEIC
ZLL LRI TITENTH B,

BEH
(1) N.BENZ & T. BEIKIRCHER  (1999) High Efficiency
Evacuated Flat-plate Solar Collector for Process
Steam Production.
Solar Energy Vol. 65, No.2 pp.111-118 (1999)
(2) Thermo Solar High-Performance Evacuated Flat
Plate Collector 400V
www. thermosolar. com
(3) FRRIE  TRBBFIRS R T AOEHEERALEH
%) ZESER, M=o o=7 ) LV BRBS. Fik
104238, P.165
(4) FEELFER : (=BVEERR : 1990, 29K p. 385
(5) SEEMIR— : ELZEHHT : 1994, MR, p. 25
(6) FRREELFER : {CBMERR : 1990, H29fK p. 204
(M WE p. 219 (10.33) =
(8 ME p. 383

— 86 — 2005 4F




