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Performance Analysis of Aluminum-tube Solar-air-collector

Mounted on the Roof of a Cylindrical Bin
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ABSTRACT

Because cereal grain drying consumes a lot of energy.,.it is
necessary to reduce the consumption of fuel, reduce the cost of
drying operation and to increase the benefit of farmers. In Taiwan
located in the lower latitude areas, the round steel bins which roof
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can have a lot of sunshine, are only used for storage at the present
time. However, the bin capacity is a few times the local commercial
dryers. If we remodel the construction of the bin roof to become a
solar-air-collector for drying, we may reduce grain drying cost,
store grains on site after drying, and don’t worry about moving
grains away in a hurry, which steel bins can have the multiple
purposes for solar collector, drying and storage.

To match with the round shape of bin roof, the experimental
apparatus consists of 24 corrugated aluminum tubes painted in black
and aligned in the east-west direction. On the top of aluminum
tubes, they are covered by a 3mm P. V. C. plastic film. As a result,
this solar-air-collector is very economic and very efficient.

After 6 hour’s experiment, the results show that the solar-
air-collector saves 7.3 liter fuel-oil. Its average hour efficiency is
about 40%.

From the derived heat-transfer model, it can accurately predict
the air temperature variation along the tube, estimate the fuel
consumption under different drying conditions, and can be also
used for the future design data.

If input the monthly average temperature data of 1987 into the
computer program, we can estimate the annual amount of fuel
saving such as 2,249 liters in Taipei, 2,980 liters in Taichung, 2,747
liters in Tainan, and 2,650 liters in Kaohsiung. For example, the
town of Yizo has 8 month period of using solar energy for drying,
we exepect to recover the cost of the solar-air-collector after 2.3
years. Since the steel bin is the main structure and can last for 18
years, it will be worth investing. If further research can promote
the efficiency of the solar-air-collector, it can reduce the cost and
get a good returns.
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R, AB T.| T, | aT | W |COSOISINg- H | H, | Ho | R |(HDa| Qu | Tnour

0930-103029.5940.26[ 10.67| 31.520{ 0.737, 0.683) 610.9 468.4| 142.5 1.061648.02’372.1357.43%

[
1030-113031.5943.09 11.50| 16.520 0.912: 0.847) 682.1f 492.7) 189.4) 1.055(719.59291.71140.54%
1130-1230/32.37/45.33 11.96] 1.520 0.952' 8841 790.4) 656.7| 133.7| 1.064/840.78328.75!39.10%

1230-133033.39/45.17| 11.78-13.480, 0.925, 0.859( 748.6/ 619.1} 129.5 1.064(796.27/298.8237.53%
1330-1430/33.71/42.77) 9.06-28.480 0.835 0.775| 642.3) 522.7| 119.6] 1.064683.11:229.82:33.64%

1430-153033.71}40.09| 6.38-43.480| 0. 678 499.2| 387.2 112.0| 1.062530.31(161.84!30.52%
l |
= 2Q. _
2(H,).=4218.08 = . ey = =39,90%
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#3 1 TTHE 3 AU B AMBRMAHER

KEISRER AT & KBRS RRBMAETRER B Z I *
™ " B2 BT * 43 C 5 °C 82 °C
0930-1030 1.173 4.750 10.054 21.989
1030-1130 1.263 3.773 9.075 21.004
1130-1230 1.446 3.190 8.448 20.409
1230-1330 1.349 2.898 8.207 20.152
1330-1430 1.142 2.974 8.286 20.237
1430;1530 0.889 3.233 8.550 20.516

i FEHAE=1.97 m/s ; KEREKN128.3~33.9C ;
* 1 7 (1/h) IRERA1R25.6~28.9°C o
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FREREETHLE ST -

6.2.1 765F12 A23 H e T2 BEEE R AT
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HRH R YRAMBILSEE - KBEHNE
ERFRE LB IELE > EREEREZ TAREK
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#4 1 T6E2FEEL  ETATHREEN

ol = 1t X b
1 16.4 13.2y 557.5 155.5 2.9 16.2 13.2] 547.6 204.6| 1.5
2 16.8 14.1] 736.3 112.4 2.9 17.4 14.3 592.6| 204.6 1.6]
3 19.5 17.3{ 1005.0] 91.0 2.8 20.7 18.3] 756.7 160.4 1.4
4 21.7 19.2] 1009.0 97.7 2.7 22.5 19.9) 771.4] 182.0 1.6
5 23.9 21.6, 1228.8, 74.3 2.2 25.0 22.8 933.5) 147.1 1.2
6 26.7 23.6/ 1218.7 91.0 2.5 27.2 24.6) 992.5| 137.5 1.3
7 29.0, 25.9] 884.9 145.6 2.1 28.2 25.3] 827.3] 175.1 1.
8 29.9 25,7 741.1 211.2 2.2 28.9 25.5/ 689.8 252.9 1.4
9 26.0 22.9) 919.8 113.9 2.8 26.1 23.1 731.2f 177.4 1.3
10 26.1 23.1] 749.7, 150.0 3.3 25.3 22.8 627.8 196.6 1.
11 22.6 20.3 973.2 70.9 3.6 22.8 20.3] 584.2] 166.7 1.6
12 17.8 15.0| 823.2 73.9{ 2.9 17.4 14.4| 613.3 151.5I 1.8

%5 IBEREERR  HHATHRREN

%ﬁ = m A i
i\ R B R 5 B TR BRI B |WEEKTA B ORI B 2 1 AT B F AR B,
CC)_| CC) Jow/mD| (h) | (m/s) | CC) | (C) |(W/m»| (h) | (m/s)
1 17.8 14,71 536.9 196.5 4.9| 19.1 15.6] 485.4 200.2 2.8
2 18.8 15.8) 547.7, 197.2 4.7 19.9 16.7] 547.8 188.8 2.8
3 22.5 19.8; 593.1 222.8 4.0 23.5 20.6] 613.21 205.2 2.2
4 24.1 21.1y 701.1 207.7 4.2 25.1 | 22.2] 670.1) 212.0 2.4
5 27.3 24.1 769.6; 213.1 3.7 27.4 24.5| 705.4 215.6; 2.2
6 28.6 25.2 979.8 141.3 3.5 28.5 26.0 872.3] 138.1 2.2
7 29.0| 25.7, 774.6. 206.7 4.6 28.9 26.5| 688.6 197.8! 2.
8 29.5 25.5{ 621.8 268.1 3.4 29.5 26.5| 622.8 257.0; 2.4
9 26.9 24.0| 687.6 182.8 3.4 27.9 25.0f 693.1 171.7; 2.
10 26.4 24.3| 652.7, 184.1 3.6 27.2 24.5 608.9 176.6; 2.1
11 23.5 21.5 728.4| 125.8 4.2 24.8 22.21 650.9 127.9% 2.0
12 18.1 15.8 728.0i 114.7 5.0 19.9 16.7 559.4| 137.7i 2.




®6 : ARBEEHE A RERHETRBON ZEBBRFER

L 16 % h
Ny TR | Bonp® | BERY | mtrecs | Bonny®
1 1.112 172.9 1901.9 1.141 233.4 2567.4
2 1.406 158.0 1738.0 1.192 243.9 2682.9
3 1.940 176.5 1941.5 1.498 240.3 2643.3
4 1.867 182.4 2006.4 1.453 264.4 2908.4
5 2.254 167.5 1842.5 1.752 257.7 2834.7
6 2.176 198.0 2178.0 1.833 252.0 2772.0
7 1.589 231.4 2545.4 1.521 266.3 2929.3
8 1.343 283.6 3119.6 1.278 323.2 3555.2
9 1.725 196.5 2161.5 1.420 251.9 2770.9
10 1.435 215.3 2368.3 1.263 248.3 2731.3
11 1.963 139.2 1531.2 1.207 201.2 2213.2
12 1.728 127.7 | 1404.7 1.300 197.0 2167.0
* QA=A (/h) *ELA R A R
%7 : FRBEEHE S RRENETRES 2 EWHBTER
" # # #
BN ALY mtamcr | By 8| WERE ] garng | By B
1 1.010 1 198.5 2183.5 0.950 190.2 2092.2
2 0.996 196.4 2160.4 1.047 197.7 2174.7
3 1.055 235.1 2586.1 1.154 236.8 2604.8
4 1.209 251.1 2762.1 1.212 256.9 2825.9
5 1.314 280.0 3080.5 1.250 269.5 2964.5
6 1.683 237.8 2615.8 1.552 214.3 2357.3
7 1.283 265.2 2017.2 1.200 237.4 2611.4
8 1.070 286.9 3155.9 1.106 284.0 3124.0
9 1.242 227.0 2497.0 1.300 223.2 2455.2
10 1.227 225.9 2484.9 1.188 209.8 2307.8
11 1.422 178.9 1967.9 1.342 171.6 1887.6
12 1.431 164.0 1804.0 1.152 158.6 1744.6

* A =gEAE (/h) *HA B B
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RIRBREEIORIE R 7.3ATHAGE L 2 MREE(E «

4PUT6FEZ AT HRERRBE » AHE » KRB
» MO RN » BREA KB EKEREEEI
RERETEHE 2,249RF %M » EEDHER
EVEHE 2,9800F %M » EERUEFEY
EiE 2,74TATHHVSEM - ERREMIEFTEAME
2,650 AT H9% o

SEMEEKAEGRRS ZHETHERFHERKE
HzRMREAEA » FEHIWTRAR ZREE F2
PVC W% » RFEER—K » B4 7000L 5 R
T 2IFERERMRE s EERMALABOGRE
IBFIRTRET » AR BERKBRBKEZMR
e Lk

F ® B 9

A, HERERET 2 #CREREE=D+L,m’
A, ERERMEZZRHCHRERAE =Dsr*L/2,m?
A; FRERBFATRILTHRZ REE =D+l
mz
As: ERNZRBEHHERER > m?
C,: l# » kg/kg’C
D: 8% 'm
e: fin Z2BHE » (m)
f; : Fanning friction factor
f ! Darch friction factor
F. : heat removal factor
Fa : BHEREHK (View Factor)
G: (L) : £ERTRFEWEEM > Grashof
Number
(H). : ERE EFTBEKBIIMKBEZASE
W/m?
H: AP HEEFRZEEINOABEERSE > W/m?
H, : XRHHE» W/m?
H, : X FEER#EEBI KB SM H 4 E > W/m?
h : BEMSME > KW/kg s SBEH R
W/m?*C
h, ! A REABBHREAREME » KW/kg o
h, : KIBERAENVRISME » KW/kg o
h. : BA®2a3E » KW/kg -
hy : MEEZ ERMISHE » KW/kg -
h, : BRBBE KW/kg o
h, : BABHRISHE » KW/kg o
h, : MAHEBISEKW/kg ©

hg : EIRMEERERD KKK - FHEBBLHTE
% » Btn/Ib

h’e, ¢ WK EREHKINK ~ FHBESLHE
# » Btu/Ib

b7 YR EERP KR ZRAER > Btu/lb

h.s ¢ ZSEAKEE © SAEELRES > Btu/lb

hy ¢ SRS P2 REHEIRE 0 W/m?C

hy : RRCKIRELATERZ B 8 W/mPC

hros ¢ BEDIEHRK M2 M4 R
W/m*C*

h.o ¢ BEHESRERSIARES R
W/m?*C*

h, @ B2 M FE 0 W/m?C

h.s, ¢ BAIEEHRE > W/m?C?

K : BEARZEHEE » W/m'C

K. : AR SRS W/mC

K. B2 REEEN » W/m'C

L : RIRWEE

L. : G&EZEE m

L: : BEOKIKZEE * m

L. : s EEENz S S BEEE » m

M, : AR A RBRORSAEE  ke/s

M, : KIBHEREER » ke/s

M. : BARZEREEHEE  ke/s

n: HEZHH

P: ARES > Pa & Psi

P, (L)) : Prandtl Number (E#EHRZEDIE

%0)

P, : %IRIE ER A MRIEEE » Pa ® Psi

P,., ! MR EEMMFIKLIE » Pa & Psi

P, : BEHAEZRRE * Pa & Psi

Q: MBFIMAZEE K]

Q. : R FAR L MEREL  W/m?

Qu : EMEEES THSOES » W/m®

Q. : ERBEARSAZMEE » W/m;

Q.. : FYESREEZMIES > W/m?

Q. : EATERABAEEOREE 0 W/m®
Q.. : EMFESIEHEORMEE > W/m®

Q.. : M EAEE 2 RKESN 0 W/m®

Qs ¢ EHE D2 YR W/m®

Q. : BHEAMREATRFEEMNE KW
Q, ! HME THIANHRZ AW EE - W/m®
R, : EMERE kAR RE AT ERT KN
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KRR > il
rh: HHRE %
St : Stanton Number
S I EMERBRMKZER ]/
T:%HREE °R
T..b : ﬁﬂ?mﬁ s °R
Tap : BESEE » °R
Tf : %W%iﬁﬁ s °C
T.: XRREE - C
T, BAZBKEZERERBE » C
T:: ZHEHZEE > C
T, : RMEETEZEE » C
Ts: kR0 ZBE - °C
Ts: BEARZBEC
T.ky T REBEEC
V. : H@EE > m/s
V:ZBRMAE > m¥/kg F {t*/1b; BE > m/s
W:RBEHK + kg water vapor/kg dry-air
& 1b water (vapor)/lb dry-air
AREARBOREREHRE » kg,
water/kg.dry air

W.:

W @ KIBEERFRERRE » kg water/kg.
dry-air

W.: BAHREREHRE » kg water/kg.
dry=air

Wi KBS EZZRRERE » kg water/
kg.dry air

W,

BABMNBERE » kg. water/kg. dry-

air

6 : RBEERKTEHIKA » °

Pt BREE > kg/m?

p P HIERREE

o EE

Pa } ERHENEMEHBERZEHEHIHR

D HERE

0 : #3iA (Declination Angle) » KEFXA
SRR AR - R R SRR T 2 K A

o P HERKBPF2HE (hour angle)

Ta : BE-BRIKE

(ra)e : FREE—RKFR

o : Stefan-Boltzmann constant, W/m?*C*

€6 HEZHHE=0.9

€ P EREFZBHE=0.9
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v PV.C BBAZEEHZESHK=0.95
7y P.V.C MBHZRE RS E=0.35
RERZEMBE %

a P RER

=3

2 £ xR
LEMRK » 1986, AR - Xl - BRFHE

2GREE  THRP » FEM 0 1982, EMEKE
BRHEEERZHR -HHE L 1--1118 THBR
HEE o

3REE » WAE 1987, AR RBABEKRBEK
HEBZRAAR - BETEBWMEIBE 2
o hBRRTERS

43R 5 1988, M EBMATHBRESAKEE
BRMMBUTHEZHE  BEIERREUS
HAW  PRBETERG

S.BRHEE - 1988. HFTAHBERGEKER 2K
W B EM AR ERERR

6. Anon, 1973. Pitot static tube operating
instructions 9004474-583. Airflow Devel-
opment Limited, Lancaster Road, High
Wycombe, England.

7. Anon, 1987. ASAE Data D 2712
Psychrometric data, ASAE Standard.
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Engineers.

8. ASHRAE, 1981. ASHRAE Handbook
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ating and Air Conditioning Engineers,
Inc. Atlanta, GA 30329, U.S.A.

9. Brooker, D.B, 1974. Drying Cereal
Grains. AVI Publishing Company,
INC., Westport, Connecticut, U.S.A.

10. Brooker, D.B., 1967.Mathematical Model
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11. Chau, K.V, 1980. Some New Emperical
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