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Study on the Absorption of Solar Energy, Air Energy and Environmental
Energy by Aluminum Tube Collector

WEI Yi-li, GUO Jing-xuan
( Key Laboratory of Photothermal and Wind Power Generation in Inner Mongolia Autonomous Region,

Inner Mongolia University of Science and Technology , Boutou, China, Post Code:014010)

Abstract: The heat absorption characteristics of a new type of flat plate collector with aluminium exhaust
tubes packaged with non-transparent and thermal insulation materials are analyzed. The mathematical
models of absorbing solar,air and environmental energy are established. The influence of fluid stagnation
characteristics on the air energy absorption of flat plate collector is studied and analyzed. The mathemati-
cal model is verified by TRNSYS software. Aiming at the design parameters of flat plate collector with alu-
minium row tubes,the single variable analysis of the parameters affecting the heat absorption performance
of the collector is carried out in TRNSYS software. The results show that the overall collection efficiency of
the flat plate collector is much higher than that of the ordinary collector. Wind speed has a great influence
on the air energy absorption. The larger the wind speed is, the higher the stagnation temperature is, the
more the air energy absorption is. Radiation has an clear effect on the solar energy absorption, but it has a

decreasing trend on the environmental energy absorption. The increase of the collector area has a great
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correlation with the improvement of the overall performance of the collector. The environmental tempera-

ture has a great effect on the environmental energy absorption. The inlet flow rate has a peak influence on

the improvement of collector performance, and the increase of inlet temperature will reduce the collector

efficiency. At the practical application, the performance of the flat plate collector is also consistent with the

simulation results, and the efficiency of the collector is greatly improved.
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Fig. 1 Single section diagram of aluminum collector tube
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Fig. 9 The influence of radiation on heat absorption
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Fig. 11 The influence of radiation on collector power

MEE T LA Y e S x5 SORE M i
S AN B A i R AR 2 B W AR B e

AN ORI O, SR AR R AT IR BE I i, X 2%
PR o S TN 2 S, B AR 2R TR R AL 1 K B A
IR A o BRI R R SRR PR A 3R T i Y
L5 BRI 114 i S A B R O/ T/ BN IR AR )
SRR BN EE
3.4 SEAFEAXEAEENRMN

RS S HA s B ROE R, KRS B4t r v ih
EAZE, ZERME 12 ~ K 14 Fim,

4001
R
300 | L] % - -
= 250 | =
& 200 .)"-//_., - z
§ 150 - J_/,_,.,.—/-"""' )
100 } )’r,,_,--—-'-"""' e
50 ::_-F.::-_’,c’_':)—.i:.) i .
0 1 1 i i 1
6 8 10 12 14 16
R BFY/m?

B 12 SRERIREAENI

Fig. 12 The influence of collector area on heat absorption
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250
\\. — E %
200F =HE
-\. § i 3
g 150 F R
= Ny
= 100 p—n ] ] ] '] =
T,
g s,
50 '.::oﬁ e
.E.‘-._ .\‘
- W e
0 b
G
S
s
-50 . : ‘ o
=30 =20 -10 0 10 20
R/ T

E 21 #ORENEASFRAENRMm
Fig. 21 The influence of inlet temperature on

heat absorption

B o wmme
o TR
g 0r A
: /
%;g- -15} //
& s
&
_30 [
=30 —I20 —1I0 E) I(I) 20
#HREE/C

B 22 i OUR BT SR AR IR B RO R 0
Fig. 22 The influence of inlet temperature on

collector temperature



. 228 - #

e zh h T &

2020 4

\I
241 '\
N
= e
- 1.6
% \-\
=® Ny
B
08 | L
St
\l
0.0 ! ! ' '
-30 -20 -10 0 10 20
AR EE/C

23 HOREMEARFINENRIN
Fig. 23 The influence of inlet temperature on

collector power

M AT LAF HY, SR SR S At DR EE XK
P RN AR BEAT RE W, T A P At R AR 48 T R
25 SREMRMSCHE AR5 RE MR SO B N T s/, 25
SURE B S5 RE IR AT ol 2 Y 2 i R PR At R
JEE BRI, A7 A X A A A R BRI, SR AR S PR IR
JEE RSB /I, 8 B 4 e 50 YR EA R B KR
R AEDE MR & TSR i TOU T, 48 41
AT It R Bk B B R ERGR R (S AR
RO R PR D R —

4 & it

BT BR HEE AR R B AR B BT S 80, X R R B
HEE A R i SR P RE Y 2 8GHE AT T 5 o i,
(o

(1) JAGH FREEIRBE A I S A 1 T RE 4 2
AR AP RE M WSO B0 A R . K BH AR 3 12t 1Y 1
T A FA g THT AR P38 RN 4 Bl S S R A R A, XK
FRAEM MR R 2 A HE Tt

(2) SR SRR ACHR , Bl XU B R I B 455
HRRE SR T AT B RS A, R e XU Yy AR
X2 RIS B4 2 e B ] ko XL A i L 3R
B, A SRR R . (L R B A T
23 PR SRB RS T o

(3) Bl A i 43 i FOER 58 i 2 A $2 7, 4R
PARPAEEREM WO B I . AEA TR A A BB o

Xt T PR RE Wt B 4R FHE T 2 055 , DR AR ek
AR IR (L i 13 R AR 2 [ (IR A EA A 1Y
(4) FRHEE 1 B 2 ] [R] B W AR PR L 23
SREFIERERE , ELE RO A R BHRE (25 TREFIPREE
RE A MR ACAE SR, T ROR B THER A AR B SR PR

SR

(1] XES 8, fUEEZE. X2 v T A P A7 Ak £ 44
AR RE 28 M AL [ T]. ol # 4= BB T, 2018,36 (8) :
1125 -1130.
LIU Si-yu, ZHAO Yao, DAI Yan-jun. Experimental research on
thermal performance of a solar flat-plate collector with double-glass
panels [ J]. Renewable Energy Resources, 2018, 36 (8 ):
1125 -1130.

(2] #hiE b, Bl SRAAR, 5. XUZ B 3 55 4 7 d A P A 42 2480
BT 4y % ,2016,45(11) :54 - 60.
SUN Zi-shuai, TAO Han-zhong, ZHANG Jian-dong, et al. Numeri-
cal simulation on thermal performance of flat plat solar collector
with double glass covers[ J]. Thermal Power Generation,2016,45
(11) .54 —60.

(3] ZeokB, JEREE. RITRRFAU SR A OC B S 00 HAA M RE Y 32
W[ T]. EEFTIAE,2016,44(11) ;28 -33.
CHE Yong-yi, HOU Cai-qin. Effects of key parameters on thermal
performance of solar {lat-plate collector[ J]. Building Energy Effi-
ciency,2016,44(11) ; 28 -33.

(4] dmEde, ok o, Z2ERIN. BETE ML A B AR - B AR 2 B 19 Bl
SRl ] Al R AR, 2018,38 (1) 143 - 48,
CAO Li-hua, ZHANG Lai, JIANG Tie-liu. Numerical analysis on
flat-pate solar collector with snake-shaped cannel [ J |. Journal of
Northeast Electric Power University,2018 ,38( 1) ;43 —48.

(5] B =,7c083h, 8200, Bt A 42 4048 P e 1 3
W )] AL Tl R 4424 ,2016,45(2) 168 - 73.
YANG Bin,ZUO De-gong, ZHAO Yi-yin. Research of the effect of
the efficiency cover plate on the thermal properties of the flat plate
collector[ J]. Journal of Hebei University of Technology,2016,45
(2) .68 -73.

(6] E 820 55 KU R RO P AR i
Ml AR5 0 B SCYR AT SE [ ] K BH B2 4R, 2018,39 (11) -
3053 -3059.
WANG Min, LI Bo-jia, XU Wei. experimental study on effect of
dustfall and rainfall to cover transmittance of flat-plate solar collec-
tors [ ] ]. Acta Energiae Solaris Sinica, 2018, 39 ( 11 ):
3053 -3059.



553 1]

AR, 5 S HEE R AR OR B RE 23 SREFI PR REBIT 5T

s 2290k

(7]

(8]

[9]

[10]

[11]

[12]

BB AR, AR KIHRER R RGNS 1]. 5
B EWIEE 5454 ,2019,38(5) :102 - 106.
WEI Yi-li, DENG Hao-chong, MA Li-bin. Simulation and analysis
of solar energy heating pump system[ J |. Research and Exploration
in Laboratory,2019,38(5) ;102 - 106
R, THEEA. 2y SR EHAE - 25 SUIRHAZE B LR R 221
B[], $hBEEh 7 T72,2018,33(7) ;128 - 134,
WEI Yi-li, WANG Hong-ming. Design of independent heating sys-
tem with solar and air source heat pump[ J . Journal of Engineer-
ing for Thermal Energy and Power,2018,33(7) :128 —134.
T TR K BH AR AR AR AR 1 S AT BRI D 1. K
HE RHLRAE 2012,
GAO Teng. Heat transfer analysis and design optimization of flat
plat solar collector[ D ]. Tianjin; Tianjin University,2012.
Tt e B (e[ DL b R S0 H R, 2006.
YANG Shi-ming, TAO Wen-cuo. Heat Transfer [ D |. Beijing:
Higher Education Pres,2006.
CENGEL YA ,BOLES MA. Thermodynamics: An engineering ap-
proach[ M]. America; McGraw-Hill Education,2011.
FR, TS, TR, S T AROK PH R AR AR A e
HIE AL T]. i A (B SRR R ,2013,27(3)

[13]

[14]

[15]

293 -297.

LU Yu, YU Hong-wen, DING Hai-cheng, et al. Mathematical
modeling and simulation of thermal properties of flat-plate solar
collector| J |. Journal of University of Jinnan ( Sei & Tech),
2013,27(3) :293 -297.

BR AR BERBORFNE M. bR b2 Toll th AR 2019.
CHEN Dong. Handbook of heat pump technology [ M |. Beijing:
Chemical Industry Publishing Hous. 2019,

BADESCU V. Optimum fin geometry in flat plate solar collector
systems [ J ]. Energy Conversion & Management, 2006, 47 ;
2397 - 2413.

A R, B A, A R R R B R AR A e e
ShARSERT ST )], AR BT S (A SRR AR L2018,
40(4) .38 -44.

ZHAO Bin, FENG Jing-heng, DONG Xiao-dong. et al. Dynamic
experimental research on thermal performance of trough solar col-
lectors in plateau[ J]. Journal of North China University of Sci-
ence and Technology ( Natural Science Edition) ,2018,40(4 ).
38 —44,

(FR4 %)



